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RSI Journal, Volume Il1, Issue2 i Editorial

Income Inequalitiesin the European Union

Inequality matters because it contravenes the values of the EU citizens, the European
Commi ssionds objectives for economic and soci
OEurope 20206 Bt r atseugsyt af nabldesbmaand inclusive
convincingly shows that egalitarian societies are associated with higher levels of economic

growth and political inclusion.

By contrast unequal societies experience higher rates of crirfggaith dug abuse and

persistent poverty. Cohesion and growth objectives are therefore complementary as well as
critical to socieeconomic well being. Socieconomic inequality refers to differences in a range

of economic and social factors that influence wbeling, 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 bengfitSocial 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 tem from having a standard of living considered acceptable in the society in which
they |Iive (European Council 6s definition, 1975
occur independently of each other but generally countries with high levelsqofalitg 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 EUasas 6at ri sk of povertybd
as Othose living below 60% national medi an equ
low incomes are necessarily poor. The poverty threshold is the value of PPS in euros at the 60%
median income level foany particular state. This means that those defined as poor living at or

below the poverty threshold in one couritrfor example UK(poverty threshold = PPS 17,000

euros and 17% of the population live in poviidye considerably richer than those in thieo,

for example the Czech Repub(jpoverty threshold = PPS 6,000 euros and 10% live in pgverty

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 Strgiesignalled 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
Commi s si on 0 son, e Bumopeari Goantiliadopted the Social Protection and Social
Inclusion process, whereby the fields of social inclusion, pensions, and health andnaage

were brought together.

Financial instruments available to MS and their regions, such esEtinopean 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 2002013 the European Social Fumdll distribute about 75 billion euros to

EU MS and regions.

6The inability of l abour to capture an adequat
problem in Europed (I LO, 2008) . European Wor Kk
benefited fom increases in productivity in recent years. Furthermore, an increasing proportion
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of European workers have experienced a decline in total incommeages plus social
contributions.

Earning inequalities are moderated by social transfers, taxes amefitb 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 outconmejuality 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 econ@uyope 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 paldbour) 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 wlays o
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 tisgm and can ensure a fairer

and ultimately more effective distribution of productivity gains.

References
Eurostat (2010Combating poverty and social exclusion: A statistical portrait of the
European UnionLuxemburg

ILO (2008) World of Wak Report 2008: Income Inequalities in the Age of Financial
Globalization Geneva, International Labour Qfé

Ler oux, M. 0Spending power sinks The new |
Times October 26, 2011

In the 2" Issueof Volume Il 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 ramgetopics, such as economics,
environmental, politics, theoretical aspects of regional development, empirical case studies.
Hiroyuki Shibusawa and Yuzuru Miyatdevelop a dynamic spatiainodel of general
equilibrium to investigate the economic impacts ezfrthquake on the regions of Japan,
together withthe indirect and distributional economic impacts before and after an earthquake
The spatial relation between development and accessilsiligkamined in the context of the
NUTS3 regionof the EUbyG®2z T-t h and. Cron Kincses
Stilianos Alexiadis and Christos Ladiatempt to determine the conditions for optimal
allocation of distribution of investment in regional inequalities in the third paper of this issue.
YasuhiroHirobota, Yuzuru Miyata and Hiroyuki Shibusawaevaluake the improvements in

road networks using theSanrEn region of Japanas a case study whileubor Hruska

Tvrdy and Ilvana Foldynovashow the relation between social risks and sustainable
urban development

Vicky Katsoniprovides evidace onthe role of ICTs in regional tourist development.
Mergers andacquisitions in Mexico are examined Byo s ® G -HeVanrSghalz and
Mohammad Reza NoruzRegional innovation in the process of regional convergence
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in the EU is the main concern offiet mper by George M. Korres and Aikaterini
Kokkinou.

Mariusz Sokolowiczexamines the impact oforeign direct investment on regional
development using th&s- d ¥ Met r o pio Pdlahdaas a daseesady while a
behavioural approachis taken byVicky Katsoni, Athina Papageorgiou and Maria
Giaoutzito examine the profile of cultural travellers

Contemporaryissues in thenergers andacquisitionsare reportebyJ o s ® G- Var gas
Her n8ndez arRdzaNauzia mma d

Mediha SahinAlina TodirasandPeter Nijkampprovidea contextual and empirical framework

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

Finally, a research report bB 8 nos Kat al i n anekamiBes pasghiei Andr
problems and perspectiviesthe articipation of Budapest as EU capitader the period

20042010

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
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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 Usityeof 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 spati@lelhd@dapan is subdivided into 47
regions. All the regions are connected by transportation networks. Our model is of a
decentralized economy with utilitgaximizing consumers and valo@ximizing firms in a
dynamic context. The model embodies both theadpatimmodity flows among regions and the
dynamics of regional investments. The model is calibrated for the regional economy using a
multi-regional inputoutput table for Japan. We estimate the impacts of a hypothetical
earthquake, which is expected to acouthe 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 theeconomic impacts of a disaster based on bothrg& and expost criteria.

Keywords: Disaster Protection, Indirect Economic Impacts, Tokai Earthquake, Dynamic
Spatial CGE Modeling

1. Introduction

In this paper, we develop a dynamic spatial computalsiergeequilibrium (DSCGE) model to
evaluate the economic impacts of an earthquake on the Tokai region of Japan. Our model is of a
decentralized economy with utilitppaximizing consumers and valmgaximizing firms in a
dynamic context. The model embodiesttbthe spatial interactions among regions and the
dynamics of regional investments.

A numerical simulation model is developed of an iwagional intersectoral economy in
which Japan is subdivided into 47 regions. All the regions are connected byottatisp
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 caysaa arthquake 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 econengirowth 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 occarthe Tokai Region (Mogi 1970, Sato 1970, Ando 1975). In
this region, earthquakes with a magnitude of 8 recur with an interval of abods00@ears.

The most recent earthquake occurred in the Tonankai region in 1944. The occurrence of great
earthquakessiapproximately 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 kt2005, 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 multiregional 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 quasiynamic framework, which is characterized by an evolutionary approach
and a squential procedure.

The economic impacts of disasters have been analyzed by computational modeling
approaches, such as the inputput model, mathematical programming, CGE, and econometric
models (see, e.g., Ellson et al. 1984, Rose et al. 1997, ShonHEwings 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 merdéigional 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, subjedio 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 disadvantagegsias rdisaster
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
NiigataChuetsu earthquakes. Empirical studievehadequately estimated direct and some
indirect economic losses based on actual data and-anpptit 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 iagts (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-rahoend longun
equilibriums were defined im nonperfect 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 causdaly 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 beforeagthquake. Tsuchiya,
Tatano and Okada (2003) presented one of the few attempts to implement an SCGE model for
an exante disaster analysis. They focused on the impacts of information provision in a potential
disaster and the transportezlated economicokses induced by an earthquake warning were
estimated under a shadrm equilibrium using an SCGE model. However, a natural disaster
inevitably involves both indirect and distributional effects before and after its occurrence.
Natural disasters have beeecorded 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 multtgional and multsectoral 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 calibratedhsing
multi-regional inpwtoutput table in Japan. A steady state solution is derived as a base case. By
numerical simuldon, we assess the economic impacts of an earthquake in the Tokai region
using our hypothetical scenarios. Two cases, i.e. unpredicigr@dicted occurrences, are
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assumed and the two solutions, which are characterized estesuly state, are compared with
the base case.

Our contributions are as follows. Firstly, since industrial investment is determined by a
firmbds dyna behaviorowe tan assess dgngmic 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
indudrial investment responses before and after an earthquake assteady state solution. A
dynamic analytical framework highlights the estimation of indirect and distributional economic
impacts before and after an earthquake. Secondly, since our moadleksithe transportation
networks, we can also evaluate dynamic distributional impacts through theanttainter
regional trade before and after an earthquake. Lastly, we describe the methodological advantage
of DSCGE modeling for application to periodily predicted disasters. It may contribute to an
understanding of artificial and nevatural disasters caused by human activity, such as global
warming and other environmental issues.

The paper is organized as follows. We first describe basic assumjpti&egtion 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 camescompared to a base case, which is a steady
state solution for a 2¢§ear 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 generatriesius
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 arenihete 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 regiggalculated 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 grfect competition and foresight. However, we assume that firms place priority
on the investmers avi ngs bal ance. Then the | evel of i nv
optimizing behavior.

The model is finitely set up in discrete time.* {1,2,---,t-} denotes a planning period

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

foreign country. These are subdivided by regid. denotes a regional index in the hem
country. There are three kinds of industries, i.e. general, transportation and distribution
industries. The general industry involves domestic and foreign trade between relgions.
denotes a sector index for the general indusiy. 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 he transport link distance is exogenously given.

3. The Model

The model is based on dynamic macroeconomic theory with a-maglin and multsector
specification. Each region has production and household sectors. Commaodity trade flows are
determined bythe 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 maximizessegstpeash flow value in

each periodNC; and the asset value of their industrial capital in the final peﬁd;d)f. The
sectors operate with constant returns to scale technology. The sectors choose the optimal
investment and labor employment strategies. The behavior of the production sledto€M
inregionri R is given as

max a rthert + { llji(lﬂ'r;F {)a
{Kie L, X5, Z5 tT

subject toK;,,, =(1 0/ )K; +KDZ, ),

jt+1
where NCJ-'t 1 pjf’\(( Iﬂt ETX}) -er'r 'a. iEj Rt( 'a ittb |rG(urtZ)
il Qv i
ry*1/(@ +r)™* represents the discount factor and is the positive discount rat®; ({) is

a production function of capitalKj , labor L,

X% ={ 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 F : (X is a linear function of the capital stock for the final period. The capital sK)erk

and a vector fointermediate input

is accumulated by an investment functiﬂ(j't()('with constant returns to scale. It is a function
of a vector of intermediate iogs for the investmenZ', ={Z;,---, Z;} , and a Leontief type

technology is assumedo’j is the depreciation rate. It is assumed that the cost function of

intermediate goods for investmefd' (® has ncreasing 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.

I n these sectors, there are two kinds of pri
pjct’r and the pu rnﬁ'ﬁrarsgrl rolsa cpnmmiodityej is tradable between regions
0 and d, t hen t hprice inrregidno cserepiesented b)pﬁ" and the purchase
price is represented bijd (jT 1). In the transportation sectopﬁr (jT M) means the unit
price of the transportation services in regionw is the wage rate.

After paying wages to households, the sector has to decide how to distribute profit and
finance investment. In th model, the net investment is financed by new bonds.B;ebe the

number of bonds in periotl and rj; be the interest rate. The bonds are traded in each region.

The initial number of bats is normalized byBj, = Ki,. In this case, the profit dividend is
calculated as
Pr=r Y (KL LX) -fB Wk a F X &K
il qu
If net investment is financed by issuing new bonds, it holds that

plrathBth :a. Ffr G ( 4[) 'th C{ lﬁ )
il qu
where DB;; is the number of new bonds issued by seqtdn region r for periodt. pg, is

the price of the new bond. Therefore the outstanding bond is give{ by= B, + B with
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B, = E{ It is assumed that the price of the new bond is giverphy= ¢
costate variable of the currevélue Hamiltonian function
Hi =NC, [ R(Z,) g-K].

In this model, we assume that tradable goods are perfect substitutes. The profit of the
distribution sector is given bfj| M)

plrjjt = p]t a a m FOT - " ; JCt’O ‘q—[r?tr) j(r)zpl:jt Where p] o 1 kjmt pmt DOT

o Rmi M ol R miMm

mf is the given modal shar&he commodity flowF;" is calculated as

Fo = ﬁrae'a Xi €N +aG(z)
Gii 1 g il
wheret ' is the given trade coefficientp;

jmt

. Where g, is the

is the transportation cost of mode from region

0 toregionr . Dy} is the distance between origin and destination along with a givenAgth.
is a given unit transportation service of magkefor goods j . From the zero profit condition,

t he purchaser()s price is given by
Py =a am” o &
o Rmi M

3.2 Household Sector
A representative household maximizes the utility level subject to income cotsstittie full
income consists of wages and interest on bond holdings. The behavior of a household in region
ri R isgiven as
maxX a. /’tU ' (C{) )
{c'} T
subjectto W+ @ A d FA aAwg ¢ dab AD

il qu il i 1imMC
U"(Qis a CobbkDouglas utility function for periodt, and it is a function of consumption
C, ={C, --- C} . A is the number of bond holdings per househdl#, represents new
bonds issued for indusaiiinvestments. The household can receive the interest income but must
pay to obtain a new bondFA is the income transfer that provides a balance against a surplus

or deficit in foreign and regional traded, is the profit dividend that is given as
d'*a,, quirt /' N since the utility function is not identical among regions.

I n t his model |, w e assume t hat t he | evel
optimization behavior. Firms place priority onetinvestmensavings 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

DA = B)/N (11 QM) and A, =( B A)N/N, (1 QV).

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

in each regiofr | R).
(1) Goods and Services Markets
General Goods

V(KLX)= 8 X G N vAG(F) & & ErWaD
il Qv il R o Ri
where Ejrt is a given export from region and M, i IS agiven import to regiof .

0
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Transportatia Services

mt) = a akrimt mtD)rmF:m (mi M)

Y (KL X

mt? —mt?
(2) Labor
Ntr = a L:t

il qu

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

(3) Capital

DAN =B (f 1 Q)

il olR

AN =8 =K with AN, =B, =K, (il 1 M)

4. Numerical Application

(1) Scenarios

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

In the simulation model, the world is subdividedoint 4 7

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

regi ons,

whi

c h

sectors { ={1,2,3}), i.e. agriculture, manufacturing, and services. There are four kinds of
transportation rtevorks: road, railway, sea, and air. Then the transportation industry is also
divided into four sectors NI ={4,5,6}). The network structure, which is defined by the

distance between an origin and a destination, is given for each periodmthetisin period is
set attF=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 ngsithe multiregional inputoutput table in

Japan (refHitomi 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 redunctiba
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.

(@)

The base case is the busiseas usual case where there is no earthquake. In this case, a

Base Case

steady state solution is derived where it holds ®at,, = K|, and dj,,; = d; . 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 estimate 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 Damagedss
12 Chiba 0.016%
13 Tokyo 0.001%
14 Kanagawa 0.058%
19 Yamanashi 0.247%
20 Nagano 0.147%
21 Gifu 0.011%
22 Shizuoka 10.000%
23 Aichi 1.421%
24 Mie 0.237%
30 Wakayama 0.016%

Table 1. Rate of Damage Loss in Capital Stock in Tokaidegi

c

ovVv
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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 a€ase 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
costae 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 regionoand i
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 accumulétedorward calculation, while the
costate variable is solved by backward calculation.

In Shizuoka prefecture, the capital stock suddenly decreases during"tperidd and is
gradually restored after the earthquake in Case 1. The capital stock vahshiged before
the earthquake, and it increases unexpectedly during thedriod 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 protedhsigthe 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 naaccurately predict the occurrence of an earthquake.

Osaka prefecture is severely influenced by the earthquake and is indirectly affected by the
Tokai region through the intérade between prefectures. In Case 1, Osaka prefecture
experiences an increageinvestment 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 partedecrea
more than in the Base case.

K (million yen)
K (millionyen) 2435600
1700000 2435400
1650000 | peteb bl - 2435200
1600000 ‘ were 2435000 v
1550000 \7 ) 2434800 /
\ 2434600
1500000 [T /
2434400 Base
1450000 ——Base - Base
~#-Case 1 2434200 —@-Casel
1400000 Case2 2434000 Case2
1350000 4+ 2433800
12345678 9101112131415161718192021 t 12345678 9101112131415161718192021 t
Shizuoka Osaka

Figure 1 Capital Stock
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Figure 2 Value of Capital Stock
(b) Impacts orGRPs

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

DX AXease Xgasd! Xpase 180%. In both cases, the earthquake occurs in the Tokai region

during the11™ 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 ichtrey

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 ¢hee$okai 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 productiosectors can make an additional investment before the
earthquake. It is assumed that the disaster hits in tHepgfiod, and the earthquake is
accurately predicted. Before the earthquake, the Tokai region experiences a positive impact
owing to the increasin 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 Japdine After
disaster, the Tokai region in Case 2 is more rapidly restored by the investment from other
prefecture than Case 1.

GRP (%) GRP (%)
uuuuu 05000

nnnnn

10000

t

25000
t
123456 7 8 91011121314 15 16 17 18 19 20 21 L 2 3 456 78 91011213 14151617 1818202

(a) Case 1 vs. Base (b) Case 2 vs. Base
Figure 3 GRPs in Tokai Region
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Figure 4 shows the results of the chanigethe 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 isdepicted 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 chiznegetal
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.

GRP (%)
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(a)Casel vs. Base (b) Cag 2 vs. Base
Figure 4 GRPs in Noitokai 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 casdnelTokai 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 didmster.
the arthquake, the situation becomes positive.

Lbboece
ZERER8ER

t=5 =11 t=21
Figure 5 Distributional Effects (%)

(c) Impacts on Commodity Flows

Here, we examine the dynamic impacts of the earthquake on the commodity floveetet
regions. The changes in investment before and after the earthquake inevitably involve changes
in the intra and inteftrade commodity flows through the transportation networks. The-intra
and intertrade of manufactured goods during tfeaid 11" periods are shown in those figures.
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Figure 6 shows the changes in the iritedle commodity flows of manufactured goods for all
the transport modes before and after the earthquake in Case 2. The change is defined as

DX HXae Xgasd Theintratrade 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 particulirly noticeable. In other prefectures, the intteede commaodity 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, edstaerincrease in intra

trade commaodity flows in the Tokai region and other prefectures.

470kinawa
46kagoshima
45miyazaki
44oita
43kumamoto
42nagasaki
41saga
40fukuoka
39kochi
38ehime
37kagawa
36tokushima
35yamaguchi
34hiroshima
330kayama
32shimane
3ltottori
30wakayama
29nara
28hyogo
270saka
26kyoto
25shiga
24mie
23aichi

470kinawa
46kagoshima
45miyazaki
44oita
43kumamoto
42nagasaki
4lsaga
40fukuoka
39kochi
38ehime
37kagawa
36tokushima
35yamaguchi
34hiroshima
33okayama
32shimane
3ltottori
30wakayama
29nara
28hyogo
270saka
26kyoto
25shiga
24mie
23aichi

21gifu
20nagano
19yamanashi
18fukui
17ishikawa
16toyama
15niigata
l14kanagawa
13tokyo
12chiba
11saitama
10gunma
09tochigi
osibaragi
07fukushima
0O6yamagata
O5akita
04miyagi
O3iwate
02aomori
01hokkaido

-20000

20000

40000

60000 80000 100000

intra-trade (millionyen)

(a) Before (t=9)
Figure 6 Changes in Intittade Commodity Flows
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(b) After (t=11)

The landscape of the commodity flows between prefectures isnshowigure 7. The figure
presents the changes in the ifterde 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 dfeeearthquake 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 tihadater
commodity flows betwen prefectures in the Chubu region, which is adjacent to the Tokai
region. The last major change is an increase in the-tidde 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 Intérade Commodity Flows

5. Concluding Remarks

In this paper, we deribed 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. industredtrimants 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 termeobdécting the regional economy in

the event of a disaster, i.e., anaxe evaluation. Our results suggest that any disaster analysis
should evaluate the economic impacts of a disaster based on ktteeand exost criteria.

Many aspects of this giy 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 eante criterion, an insurance system should be employed to relieve the
effects of the damage. The investmsatings balance should be endogenously determined by
both the firmbs and consumer 6s ogefrditfmireguitsn g b e ha\
for comparison with deterministic and stochastic models. The basic assumptions in the
decentralized model should be relaxed to internalize regional policies such as-shbdialy

system and regulation.
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Abstract

The use of accessibilitypential 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 thattltkie to
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 betweetogenent 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 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 histosgientific 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 geographistlidies since the 1940s, the most ¥welbwn 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). Aftethe 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 mmm@e have a
decreasing effect and vice versa (Rich, 1980), (GeeitvaanEck, 1995).

The general form of the accessibility potential model is the following:
A= q D& (Cij )

where Ais the accessibility of territory i, ;s the mass of territoriyaccessible from territory i,

cj is the general travel cost between territories i and }) E{¢he impedance function.

In accessibility studies, the authors using different accessibility potential models apply different
impedance functions. The reasfor applying an impedance function in segeographical
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 disete. Socieeconomic formations (e.g. settlements, towns) are
generally concentrated at a given point of spa:
As these mass points do not fill the space, it would be difficult to determine the potent@l val

" Corresponding authoEmail:geza.toth@ksh.hu
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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 mas
induce potential surfaces of different characteristibg, 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 regienterritorial 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 betweenmertai masses® al so in dif
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
t hem, t he most 0 providad oyl they ihodets applyingi linear inpedance
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 insishg 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 ateiagynay 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 essentiallytén order
specify this objective (Wilson, 1971; Dallartin, 1976; MartiiiDalvi, 1976; Song, 1996;
Simmd VriticiAXx haus en, 2 OiGBpiekerntaiWegenaral®9v). Models applying
the impedance function of Gauss (Ingram, 1971; Guy, 1983) or thledmiic impedance
function (Bewley Fiebig, 1988; HilbersVeroen, 1993) are known as well. In similar studies,
exponenti al (see among others Espon, 2007) and
are used in numerous cases. The present stedpecially in repect of the later partsapplied
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 meansthes ongest by appl yiiKigcses, 2@07)lbutrae ar mo d
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, 1976x,KIi978; Van Wee et al.,
2001; JosegiBantock, 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 resged 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 vaduis the sum of these three results.
The accessibility potential model applied is the following:
A _W. W W, , 4 W. W,

C o G
Total potentlal = own potentlal + internal potential + external potential
where the value of the own potential of pointishthe quotient of \WWthe own mas of the given
territorial unit (in this study the population value) and the distance data ordered to the territorial
unit d; (the simplest way is the length of the radius of the circle equal to its territory).
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When calculating the internal potentilie 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 intad.accoun

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 furthest (@f 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 humber of
territorial units taken intaccount 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 resarcher 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 ofitbe/texamined 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 regis, 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
examinaion 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 EU&ESs iintended to meet

this objective.

Dimension Notes

Source In the analysi s, accessibility is calc
and no differentiation is made between the social groups or the different travel targ
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
between the centres of the regions on publicspadminutes.

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

Boundaries When determining the territory examined, the boundaries of Europe were taken into &

in a gegraphical sense.

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

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

Regional level The basic regional levef the research is NUTS3.

Equal chances The major aims of the research are modelling the ceetiphery differences in the EUZ
regions and studying the resulting differences.

Dynamics In the research, the population and the public road networkJamuary 2007 are taken in
account.

Table 1: Dimensions of the analysis
The analysis

The starting point in this study, similarly to other works (GBEWsee, 2004), was that
accessibility can be used as an economic indicator as well, since improvingitdlitgess
improves the productivity and competitiveness of companies. Due to accessibility improving as
a conseguence of investments, the labour market is affected by positive impulses as well, which
results in further advantages in competitiveness (Forsllaidinsson, 1995). Thus, it was
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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 thaufadjpn potential of the 1,288 NUTS3 regions of the
European Unionln 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 am 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 examinitrgrigéh sof 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 potentialrto factors

Several analyses report on the advantages and disadvantages of the accessibility potential model
(GeursRitsema van Eck, 2001; GetiMgee, 2004). We, on our part, would have liked to deal

first of all with the disadvantages of the model. In tld@spect, the authors cited herewith, say
the foll owing: o0Di sadvantages of potenti al me a
and communicability; the measure is not easily interpreted and communicated as it combines
landuse and transport etents, and weighs opportunities (according to the cost sensitivity
funct i on-Wee, 2004 p.G¥uThesreason for the problem is that accessibility potential
models measure the effects of spatial structures, spatial division, the location ofraspertiai

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 mehatsin 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 gravitationalpsice of social masses should be imagined as an optional division of the
space (settlement, micregional structure, etc.) and then a mass distribution on this division
(like masses distributed to the given spatial structure as quanta or counters).Ughef vhle
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 ttbitory 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 anexternal 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 sike ogion 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 (KiiicBest h , 2011) .

The connections described above are as follows:

own_mass size_of _tenitory

+LJi

total mass_distributon spatial_strukture
+

Ui B Ui Ui +Ui
A

k=1

spatial_structure—= A n
U i a f(dij)
i
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Umass_distributi)n: Uinternahrexternal_ potential Ujspatial_structu re
i i i

n
m;
i=1
Usize_of_territory = n
I f(dii)

U_own_ mass_ U_own_ potential U_size_of _ territory
i i i

After breaking down the potential model, the situation based on the connection between the
factors and the GDP per capita is somewhaewdfit. 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 moel. Here, the value of Ramounts 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 highlighthk effect of

spatial structure has the lowest but not significant standarflizedfficient.

Standar
Model 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 ardRheeG
capita, R and standardizefl 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 SeS§a@ntDenise and VatleMarne. 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 correa indicated to the peripheries. The lowest potential value is in
Vd@rmland (Sweden), Lappi (Finland9 and the Shet
results confirm the Blue Banana spatial structural model (Brunet, 1989), as well as ##oexten

(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), Kreisfreigtadt andRheinPfalzKreis regions (Germany). By contrast, the
lowest values were found in Pohig®hjanmaa, Lappi (Finland), and in Cyprus.

The share of the effect of spatial structure mtibtal potential is between 71 and 176%. For the
for mer value Bucurexkt:i (Rumani a) , whil e for t
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(Germany) can be mentioned. The effect of spatial structure is the most important factor in the
total potential for ach region.

The effect of the mass distributidnin contrast to the former factdrcontributes 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 6dgions. 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: RifmlzKreis, Bamberg, Landkrejs
Frankenthal (Pfalz), Kreisfreie StadGermany) On the other hand, in respect of mass
distribution, the regins in the most advantageous situation are: West Inner LoMibige

Marne andSeineSaintDenis(France).

The share of the effect ohass distribution in the total potential is betweeéd 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 ofthe 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 siz¢éheffactor 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 shahe @étritory 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 populbtadthe average is positive,

while that of sparsely populated ones is negative. The share of the own mass factor in the total
potential is betweerd8 and 22%. Among the negative values, we can metti®S8tralsund,
Kreisfreie Stadt Greifswald, Kreisfreie Stadand Bad Doleran regions (Germany), while
among the positive on&u ¢ u rAthens and Paris.

Comparison of the accessibility and development of regions

In the comparison, we followed the methotteady 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 tlegions 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 study2003. 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
CentralEuropean 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
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http://en.wikipedia.org/wiki/Stralsund
http://en.wikipedia.org/wiki/Stralsund
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http://en.wikipedia.org/wiki/Bucharest
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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 regiobe ¢annd 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
accesmility 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 thamrdnef 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 accésliy 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 howdpatial 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.

GDP GDP Economicaly active Active age
( )=( y_actives,, Active_aged,

*
Population Economicalb/_activeg ( Active _aged Population)

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 tiopof 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 withHe 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, e . they are ficodedo
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 potentiad, cbnnection 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 Europeannteal 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 carhataterespect 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 characteristi€wbpe.
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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 emphent. It is wellknown that incomes

per capita and economic growth rates are significantly higher in regions which are near the
present centres of world economy (GallUpachsMellinger, 1999). So we can state that
development and economic activity withime 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 an be also performed with the NUTS3 regions being classified according to which
countrybés regions had the most significant
(Tagai, 2009). The examination is somewhat influenced by the fact that in Eapagefrom

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 EastamwpEan 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 Parliamentl af 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 Eaern) 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 popfilation
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 neaily percentage point. Following Geany, 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 shaine &ritish 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. Thhase of Italy is nearly 13% in the GDP and 12% in the
population of EU27. The share of regions with Italian dominance is Ib9.0% higher.

If we examine which is the country where the saonomic importance of regions dominated

by its potential diffes 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 In@aalydl
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 bgealdwn 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 stafedevelopment 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
connedbn 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

ef
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nationality of the region having the most dominant effect on them were examined. $he mo
significant result was the demonstration of the degree of German dominance.
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Regions dominated by the potential of region:
certain countries

share in tH GDPpercapita
compared to the

Countries GDP population EU27 average
Austria 20 16 1264
Belgium 18 13 1424
Bulgaria 0.1 0.3 316
Belarus 0.1 0.3 235
Switzerland 0.3 0.2 1161
Cyprus 0.1 0.2 818
Czech Repubd 1.0 19 504
Serbia 03 11 319
Germany 206 176 1168
Denmark 0.0 0.0 1355
Estonia 0.1 0.1 713
Spain 9.1 9.8 93.6
Finland 0.9 0.6 1525
France 158 129 1226
Greece 15 17 882
Croatia 0.0 0.0 55.0
Hungary 0.8 1.8 414
Ireland 16 0.9 1699
Italy 133 127 1046
Lithuania 0.2 0.4 40.1
Luxemhourg 0.0 0.0 95.4
Latvia 0.1 0.3 45.6
Moldova 0.0 0.3 149
The Netherlandsg 4.7 35 1363
Poland 22 6.6 337
Portugal 11 18 633
Romania 0.7 27 249
Russia 0.7 1.0 65.2
Sweden 2.8 1.9 1441
Slovenia 0.2 0.2 904
Slovakia 04 11 40.6
Turkey 0.6 2.6 245
Ukraine 0.1 0.2 238
United Kingdom 16.6 123 1345
EU27 1000 1000 1000

37

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

Total Spatial Mass Own | State of Age
Indicators potential structure | distribution | Territory size| mass|developmen{ Productivity | Employment | structure
Total potential 1.000 0.931 -0.752 0.485| 0.040 0.405 0.381 0.176 -0.048
Spatial structurg 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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OPTIMAL ALLOCATION OF INVESTMENT AND REGIONAL
DISPARITIES

Alexiadis Stilianos' and Ladias Christos
!Ministry of Rural Development and Foods, Department of Agricultural P&licy
Documentation, Division of Agricultural Statisticge-mail: salexiadis7@aim.com
?Department of Regional Economic Development, University of Central Greece

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 NUTL regions of the European Union seems to confirsiahgument.

Keywords: Regional Allocation of Investment, Regional Inequalities, Regional Policy
JEL: C21; O18; R11

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

for the competitiveness and internal regional
soci al cohesionbo, is mentioned in the Preamble
the majorgoals of the EU (as formulated in the Single European Act, title XIV, currently title

XVI I, Articles 2 and 4). According to Article
between the levels of development of the various regions and the backwarfltiesdeast
favoured regions or i slands, including rural
devel opment policies, given that o0imbalances d

most disadvantaged regions and the lack ofdifances pen to their citizens, but indicate an
underutilisation of human potential and the failure to take advantage of economic opportunities
which benefit the Union as a whoThedrongeEur opean
argument for regional policies §idn the persistence and even widening of regional disparities

over the longrun. Indeed, narket forces and social trends are increasing the geographical
concentration of activities. Furthermoreternalities and market failures are needed to justify

policy intervention from an economic efficiency point of view (Hurst et al., 20Diferences

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 regithe BU are eight

times richer than the poorest regiofsifopean Commission, 2004)he primary dimension of

income disparities remains Eastest, with a weaker NortBouth dynamic and coigeriphery

at both EU and national level8s a result, the EU laimplemented a range of development

policies and projects (and continues to do so) to achieve regional cohesion, such as the
Mediterranean Integrated Prograrise direction of funds towards leadvanced areas of

Europe from sources, such as the Europgegional Development Fund (ERDF), the European
Social Fund (ESFjt he two O6Structur al Fundsé, " T®eppl emen

* 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.

! The Cohesion Fund was established by the Maastricht Treaty (Article 130d) for countries with: per capita GDP less

than 90% of the community aveyea , an agreed programme to Oavoid excess
accordance with Article 104c of the Treaty) and to be used for environmental andEUlirapsan transport

networks.
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structural funds are now the most important financial instruments for supporting the renewed
Lisbon strategy andhisone countries were able to increase their GDP by almost&t#opean
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 thel990s has hovered betwees8.5% of GDP in Portugal, between 2% in
Greece and Ireland, betweer8% in many Italian and Spanish Objectiyeegions (Cuadrado
Roura, 2001 ohesion policy aims to promote a more balanced territorial develomndris
boader than the 0c onitethetlatter peaificdlly linkedgto tberERDF. pol i cy,
The Structural Funds cover a wide range of afetechnological Research and Development
(R&D), the information society, support for business, infrastructereldpment (transport,
telecoms, healthcare and education), energy, risk prevention, the environment, employment,
tourism, culture, etc. There are many potential recipients, such as bussmpessallySmall and
Medium Enterprises SMESs), associations, plic bodies and individualslt is up to each
i ndi vidual country to divide the funds bet ween
covered by the O6Competitive and Empl oyment Ob
finance thematic programmes @&ping 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 -Navamrrc and Garsdtysemet 2008y i angl e 6
budget restrictins, the aspirations of the new membetes 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 regjeogfapical dimension
is increasingly important for a rational allocation of the existing resources.

Recentl vy, the Lisbon strategy, and its succe:!
most competitive and dynamic knowledgased economy in the world capabfesustainable
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 profaititeaearlier 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 2004eth Eur opean Commi ssi on suggeste
structur al indicator s, all owing for a ficonci
achievement over time visvi s t he Lisbon agendabod. These 1ind
gross domestic product peapita and peworker, employment rate, gross domestic expenditure
on R&D, longr un unempl oyment rat e, et c. of t hese [
empl oyment ratesd has, by definition, an expli
2 0 2 0 sharpscontrast to aim of regional cohesion. There is a need, thereforepfiinael
allocationof resources/funds in order to achieve the aims of competitiveness and cohesion.

This paper attempts to approach this issue empirically using a modedtthibutes the
process of regional growth to the degree that the regions of the EU are adlbescud
technology. To complete this introduction, mention must be rt@athe structure of this paper.
The issue of optimal allocation of investment acrossoregis 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 iretambit of a single model.hE 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 regiassintroduced initially by
Rahman (1963). Nevertheless, Intriligator (1964) demonstrated that the conclusions by Rahman
(1963) can be derived using the framework of Optimal Control Th&wgsider an economy
divided into two regions, denoted by1, 2. Total output ,, ), i.e. at the national level, is the

sum of regional outputsy,, =Y, +Y,. In each region output is a function of capital stoik)(
available in each region. More specificay=Vv,K,, where v, =Y, / K, denotes the constant
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outputcapital ratio. National investment () is conceived as additions to the capital stock of

the economy as a whol&(, ), i.e. the sum of the chang#sthe capital stock of each region.

Thus, 1, = I‘?l + I#Z. Investment is financed through the available savings in the
economyi, ' S, . In other words it is assumed that all savings are automatically invested
Assuming that investmentsi a constant proportion of output, i.eS =sY,, then

S, =9Y, +s,Y,. Given thaty, =v,K, andY, =v,K,, thenS, =sv,K, +s,v,K,. The identity

I 1Syis known as 0Sayos LitaiwplicatiobDseuse puitd deep.iOnthe s i mp | i
assumption that markets, i.e. for goods and services, and for the factors of production, respond
instantaneously to mar ket signal s, and that in
By the same assumptiortbough, 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

prsent context Sal,&svK, aswKi ang i+ #s=sy K asv,K,,
or B +#, =g K, +9,K,, whereg =sv, denotes the constant growth rate of each region.

The problem, therefore, is how to allocate savings in order to achieggain objective,
given the constraints outlined above. Intriligator (1964) assumes constant returns and that once
capital is placed in one region, it cannot b €
p ar a ma,tisedefined asthe proportion of investment allocated to a specific region.
Therefore, in a twwegion economy:

K +=dgK, +g,K,) (1.1)
K, = (1- o)(gK, +g.K,) (1.2)
0¢dcel (1.3)

Given the assumjain of constant returns the optimal time path of the allocation parameter,
a (t), at any point in time is eithes” (t) =0 or & (t) =1, namely savings are allocated in only
one region. Intriligator (1964) considers thmblem of maximising national output at some
terminal time T): Y, (T) =v,K,(T)+Vv,K,(T) by choice of d(t), subject to the constraints,

given by equations (1.1), (1.2) and (1.3). Sinf¢t) =0 or o (t)=1, thisisatpi cal- 6bang
bangd solution and tdlt)ehatpmaxonisésehenHamitoniandunatiend by t h e
H = pld(\qu-i_gsz)"' pz(l' d)(.qu_'-gsz) (2)

where p,and p,are the auxiliary variables, interpeetas the shadow price of capital.

Equation (2) can be written equivalently as follows:

H=[p,d+p,(1- O)](@K, +9,K,) Y H=(p,d+p,- p,d) @K, +9.K,) (2.1)
implying that
H=[d(p,- p,)+p.l1(gK,+g,K,) (2.2)

The optimal path ofddepends on the sign of thifference (p, - p,). In particular, if
(p,- p,) >0, then & =1 while if (p,- p,)<0, then & =0. This condition simply states

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

2 For a more detailed analysis of savingsahétur see Cesarat{999).

3 The reader interest in these issues can refer to the contribution Pontryagin et al (1962).
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w @™ Yy (T)
HK, (T) uK()

p,(T) =v,. Additionally, the Hamiltonian system must satisfy the conditiopjs+ -

terminal conditions: p,(T) =

, implying that p,(T)=v, and

and

1

H . .
B, =-——. Thus, g = [d(p,- p,)+p,lg and B, = [d(p,- P,) + P,]9,, implying that
2
B/P = l; =0 yields:
(pl' p2)(01K1 +02K2):O (23)
Adding a time dimension in equation (2.3) yields
[p.(t) - P, (DI[2K, (1) +2,K, ()] =0 (2.4)
Differentiating equation (2.4) with respect to timelgge
(- B)@K, +2.K,) +(p: - p,) (G, +g,K,) =0 (2.5

In the steadystate . =0, so (K- B,)(@K,+g,K,)=0 and given thatﬂdzo, then
M

B.-F,=p-p, implying that (p,- p2)=p2?j@1#§ for 0¢t<T. Given that

Slg_; —n— then (p,(T)- p,(T)) = pz(l')§ 8 for t=T . For a given planning period

(T), the optimal time path can be descrlbed as follows. Before at the end of the planning period
(0¢t<T) invest only in the region with theidher rate of growth, i.& (t)=1if g, >g,or

d (t)=0if g, <g,. Atthe end of the planning periotd£ T ) invest only in the region with the
highest output/capital ratio, namety (t) =1 if n, >n,or d (t) =0if n, <n,.

In a critical appraisal Rahman (1966) argues that the theory of optimal control is applicable
only if the switch was to occur always &t T only. Thus(p, - p,); =7, -1, , implying that if

n, >n,, then o (t)=1. Therefore, equation (2.2) can be written ds= p,(g,K, + g,K,).

Combining the conditionsg, —-TH=-plgl and p, —-—Hz-plg2 yields the differential

1 2
equation g =-p,g,. Given the initial conditior(p,), =, the following solution is obtained:

(p), =ne™, with t, =T - t (2.6)

Given the initial condition(p,), =n,, then the differential equatio@, =- p,g, implies the
following solution:

(p,) = Lner +n, - 19 2.7)
a9 a9

Subtracting(p,), from both sides of equation (2.7) yields

(P). (g - 8,) tNn.g, - N9, (2.8)
9

Differentiating equation (2.8) with respettthe following expression is obtained:

(P - P): =
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d(pi - p2)t =(p1)1(91' gz)z_ d(pl' p2)t

i ” (2.9)

Rahman (1966) points out that the conditign> g, does not imply tha{p, - p,), <0 and
ad({t)=0, for any t<T, as Intriligator (1964) argues. Astj=T-t increases,
then(p, - p,),<0i s possi bl e @ takts paced\Newerithelesd) ét this point, it is
worth mentioningthat the conditionsg, =- p,g,and g, =- p,g,imply B/§g,=9,/9,. It is
clear, therefore, that the solution is equivalent to that suggested by Intriligator (1964).
Whil e the analysis by | nt r ithe allgcatioroparanfeter9 6 4 ) su
neverthel ess, the particular conditions under

least in an explicit way. These issues constitute the departure point for a more extensive analysis
by Takayama (1967) who attets to show whether, and under which particular conditions, a

6switchd wildl Takawdarmd (ba§7)ocacamrcl udes that é
n, <n,. Rahman (1966), however, claims that the analysis by Intriligator (1964) does not
include an explicit 6political co