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INTRODUCTION
Frankvan Oort, Mark Thissen & Leo van Wissen

Justification and relevance
Overthelastdecenniawe have seenanincreasein theinterestin regional
economic modellinginthe Netherlands. To alarge extent thisis associated
with institutional and theoretical developments. Institutionally, the growing
formalization of government policy, especially with respect to large infra-
structureinvestment projects, meansa demand for clearand accountable
models. These modelsare helpfulin carrying outthe strictanalysis needed to
satisfy theaccounting rules of the required cost-benefitanalyses as written
downintheso-called ‘oeEi-guideline’ (Eijgenraam etal. 2000), the Dutch
official documenton accounting rules for cost-benefitanalyses. Especially
theindirecteffects of governmentinvestment can best be analyzed using
regional economic models. New theoretical developmentsin regional eco-
nomic modellingalsoaddtoanewandincreased scientificinterestin applied
regional economic models using the new theoretical insights. This new
scientificinterestin regional economic modelling is based on the so-called
New Economic Geography (NEG) that started with the paper by Krugman
(1991). Inthe economic sciences this new way of looking at locations revoluti-
onized bothinternational economics as well as regional economics. Dynamic
economicspatial processesare atthe heart of these NEG models, making
them very well equipped to analyze the effect of changesin the environment
andregional contexts such as changesininfrastructure.

Theincreased governmental and scientificinterestin regional economic
modelling, leadsto aneed foranadequate overview of existingeconomic
models for the Netherlands. Moreover, the formalization of the govern-
ment’s policy asks fora more thorough description of the models at hand such
thatan evaluation can be given about the usefulness of the models for diffe-
rent purposes. Thisbook aims at providing these descriptions. Four models
(RAM, Regina, RAEM AND REMI) were presented and comparatively dis-
cussed ata meeting organized by the Netherlands Institute for Spatial
Research (RPB)and the Dutch section of the Regional Science Association
(RsA) onthe 27th of November, 2003. In this volume, these four models—and
three additional ones—are formally presented, and their capabilities and use-
fulnessareillustrated by arecent case study. The models are selected on the
basis of covering the spectrum of modelling typesin the Netherlandsand on
availability of descriptions. The building blocks of the models are presentedin
ashortbutcomplete discussion of the recent spatial-economic theoretical
developments (in the second chapter). In the concluding chapter the spatial
economic models are evaluated. A comparison between five of the most
applied models presented in this book is made, focussing on their policy-
usefulness for (spatial) indirect effects estimation needed in a cost benefit
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analysisalongthelines of the oeEl-guideline. Allmodels presented in this
volume have unique qualities that make them valuable in the spatial-economic
modellingand policy discussionin the Netherlands.

Theoretical and empirical developments
The second chapter (by Mark Thissen and Frank van Oort) focuses on the
theoretical frameworks recently developed and appliedin the international
literature. The observation thateconomicactivities are not spread homo-
geneouslyinspace, but clusteredin concentrations of different sizes, isan
importantcommon elementin economic geography, regional economics
and the New Economic Geography modelling traditions. The stylised facts of
concentration and divergent growth suggest that agglomeration forces (of
activities, people and resources) contribute to cumulative regional econom-
icdevelopmentorlock-in due to their (dis)advantageous location factors.
Consideringthesstill growing size of agglomerations, the strength of disper-
sion effectsis not overwhelmingly strong. Regional economic models focus
on explaining regional economic development, the location of economic
activity and the dynamic processes that lead to present and future economic
landscapes. The chapter providesinsightin the usefulness of different
scientificapproachesthatfocus on the relation between geography and
economics. The basicelements of the New Economic Geography and recent
reactionary modelling questions raised by the ‘old” economic geography and
by evolutionary economics are described. Itisargued thateconomic proces-
sesatwork differ over the levels of spatial aggregation, resulting in different
models for different spatial problems (neglecting this spatial determinism
would lead to ‘ecological fallacies’). Modelling traditions differ in their
attempt to examine both the effects of nation wide economic growth on
differentregions (distributive effects) and the effects of regional economic
growth on the national economy (generative effects). Most approaches
stress theimportance of spatially determined externalities for explaining
regional growth differences, but not one single theoretical modelling frame-
workis able to cover thisimportantaspect completely. Thus, besides thatitis
concluded thatalternative modelling approaches have reason for existence
alongside the economically superior NEG approach, because these have spe-
cific properties (like the quality of labour, low spatial scales of analysis and the
relation with mobility) that cannot beincorporated in the NEG approach.

Applicationsinseven models
Fromthe second and the evaluating final chapter we learn that different
processes are distinguishingly important at different spatial aggregation
levels, butalso at different time stages. Crucial is also how so-called exter-
nalities (circumstances outside the firm thatinfluence a firm’s economic
performance) are dealt with in the models. Forinstance, if at a certain spatial
aggregation level for a certain time period technological externalities are
moreimportantthan pecuniary externalities, a model solely focused on tech-
nological externalities probably outperforms a more sophisticated model
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focused on both pecuniary and technological externalities. The reason is

that models are generally specialized in certain types of questions, being
sophisticated from one point of view and less so from another. Models based
ontechnological externalities are capable of explaining distributive effect.
Thatis, they are capable of explaining why one region has a higherincome
than other regions given the national economic developments. Models
focused on pecuniary externalities also take into account generative effects
and thusadd dynamicspatial economic effects to the analysis. Itis useful to
make a distinction between exogenous externalities models and endogenous
externalities models. Exogenous pecuniary externalities models take into
account the spatial economic effects of pecuniary externalities exogenously
(forinstance, as fixed effects). They hereby improve their explanatory power
forregional development given the national development. However, just like
the technological externality models, they lack the feedback effects and thus
the dynamicspatial economicinteraction, which makes them less useful for
simulation analyses.

The raEM model (presented in the fifth chapter, written by Mark Thissen)
andthe REMI model (presented in the third chapter, written by Gerbrand van
Borkand Fred Treyz) endogenously focus on pecuniary externalities. Given
their focus and associated assumptions of clearing markets with new produc-
tion facilities and the migration of people, these models are generally focused
onthe mediumto long runand especially equipped for simulation analyses.
TheRAEM modelis based on astricttheoretical basis while the REm modelis
based onamore empirical approach with practical shortcuts to overcome cer-
tain theoretical difficulties. From the other models, the RAM model (present-
edinthe fourth chapter, written by Eugene Verkade and Wouter Vermeulen)
and the Regina model (presented in the seventh chapter, written by Olaf
Koopsand Jos Muskens) are examples of models with exogenous pecuniary
externalities. They canalso be used for shorter time periods.

TherAEM model focusesinits case study on the welfare effects of the
damagingof a crucial piece of transportinfrastructure (the Van Brienenoord
bridge near Rotterdam). The case study of the REM model focuses on a cost
benefitanalysis of urbanization alternatives around the agglomeration of
Amsterdam. TheRAM model focuses on time series analysesand theinterac-
tion of employmentand population dynamics on the regional level, an often
neglected butimportantinteraction mechanism in spatial-economic model-
lingnotincludedinany other modelin the Netherlands. The Regina model is
focused on explaining and forecasting employment growth at a lower spatial
scaleof analyses (NuTs3 regionsand municipalities), and takes many exter-
nal spatial conditions exogenously into account. None of the other models
presentedin thisvolume s spatially as detailed as the Regina model, which
focuses onthe Dutch province of North Brabant.

ThemosiLEc modelis presented in the sixth chapter (written by Floris van
deVooren). Thisdynamic, interregional model specifies the relationships
between the economy, mobility, infrastructure and other regional charac-
teristics. It estimates the effects of transport policy and spatial planning on

Introduction



the economy and mobility overtime. In the past it focused on infrastructure
expansion, rises in mobility tariffsand the promotion of publictransport. The
main feature of the modelistheinteraction between transportand the econ-
omy: the economy influences mobility, and vice versa. The model thus not
only takesinto account the direct effects of transport policy on transport but
alsotheindirecteffects, i.e. thoseviathe economy.

Theregional labour market model of RoA presentedin the eighth chapter
predicts mismatches between labour supply and demand at the regional
levelinthe medium term. It covers the regional labour market with regard
to detailed occupational groups and types of education. Major inputs to this
model are the regional forecasts of employment growth by sector, age com-
position and participation rates at regional level. An advantage is that, in spite
of the data constraints, a fairly high level of disaggregation by occupation and
education can be achieved atthe regional level. The forecasts can therefore
be useful both to policy-makers, who can use the regional forecasts ata more
aggregate level, and toindividual employers who may be interested in the
futurelabour market situation in particular occupational groups. The empir-
ical application concerns labour market prediction in the Dutch province of
Gelderland.

The PrIMmOSs modelisanintegrated regional demographicand housing
market projection model, presented in the ninth chapter by Michiel de Bok,
Berry Blijie, Jan Brouwerand Hans Heida. Although the modelis driven by
demographic processes, non-demographicinputs from the housing market
and the labour marketatthe local and regional scale are very important. Over
the pastyears, the model has made a considerable empirical contribution to
national and regional policy research. The model generates demographic
projections, accounting for changesin the personal lifecycle or household
situation, accounting for regional variations in household behaviour. The
model determines the employment migration based on regional employment
change. The case study concerns housing production projectionsatNUTS3
regional levelin different national scenario’s.

An evaluation of spatial-economic models with respect to social

cost-benefitanalysis
The empirical regional economic models discussed in this volume can be clas-
sified with respectto their theoretical and empirical background and their
possible capabilities and uses. Arjan Heyma and Jan Oosterhaven took up that
taskin the final chapter. Taking seriously the notion of ecological fallacy that
different processes work at different levels of aggregation, itis obvious that
fromatheoretical point of view there exists no model thatis relevantat all dif-
ferentregional aggregation levels. Heyma and Oosterhaven distinguish five
marketimperfectionsintheir comparison of models : effects connected to
product markets, effects connected to labour markets, external effects (such
asknowledge spillovers), international effects and land market effects.
The cost-benefitapproach presents welfare effectsin terms of valued non-
market goods and distinguishes between directand indirect effects and
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(spatial) generating and (spatial) distribution effects. From the model com-
parison it can be concluded thatadditional (indirect welfare effects of market
imperfectionsin product markets can be derived from most of the models
discussed, either by a quasi-production function, aninput-output model or
anequilibrium approach. In most cases, the additional welfare effects from
non-perfect competition can be derived outside the spatial models from the
production levels per sector. Knowledge and innovation spillovers are not
treated in any of the Dutch spatial models. The fact that these spillovers occur
outside market transactions, and therefore should be considered as external
effects, may beareason for this. Extensions of the modelsin this direction are
desirabletoaccount for these spilloversin social cost-benefitanalysis of spa-
tial policy interventions.

The extent to which labour market rigidities are modelled varies largely
between the models. RAEM shows theoretically the most appropriate way in
modellingimperfections on the labour market, butthe RAM model focuses
onregional labour market matching over time more accurately. Heymaand
Oosterhaven remark thatitis regrettable that none of the models distin-
guishes between occupational levels—thisisa central elementinthe ROA-
model not discussed by them (see the eighth chapter in this book). Itis also
remarkable thatinternational effects are hardly given attention in most of the
Dutch spatial-economic models. In actual policy applications a combination
of modelsiscommonly used to estimate the full array of potential indirect
effects. Heymaand Oosterhaven formulate the conditions when such an
approachis fruitful.
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THEORETICAL AND EMPIRICAL DEVELOPMENTS IN REGIONAL
ECONOMIC MODELLING
Mark Thissen & Frank van Oort

Introduction
The observation thateconomic activities are not spread homogeneously
inspace, butclusteredin concentrations of different sizes, isanimportant
common elementin economic geography, regional economics and the ‘geo-
graphical economics (NEG)’ modelling traditions. High- and low economic
growth regions can be observed, while economicactivity appears to be con-
centratedin large agglomerations of population and economicactivity. These
stylized facts suggest that concentration of activities, people and resources
contribute to regional economic developmentand can ultimately resultina
lock-in effect where agglomerations attract more and more economic activ-
ity due to theiradvantageous location factors. Economicactivity would be
concentratedin one placeif there were no dispersion effects at work as well.
However, considering the still growing size of agglomerations, the strength
of these dispersion effects are not overwhelmingly strong. Regional eco-
nomic models try to explain these stylized facts. They focus on explaining
regional economic development, the location of economicactivity and the
dynamic processes thatlead to presentand future economic landscapes.

In this chapter we will provide insightsin the usefulness of different scien-
tificapproachesthat focus on the relation between geography and econom-
ics. We will describe the basic elements of the New Economic Geography and
recent reactionary modelling questions raised by the ‘old’ economic geog-
raphy and by evolutionary economics. Depending on the research (policy)
goalsandthe particular circumstances all approaches are potentially useful.
Economic processes at work differ over the levels of spatial aggregation,
resultingin different models for different spatial problems (neglecting this
spatial determinism leads to ‘ecological fallacies’, Van Oort 2004). Moreover,
the modelling traditions differ in their attempt to examine both the effects of
nation wide economic growth on different regions (distributive effects) and
the effects of regional economic growth on the national economy (genera-
tive effects). All approaches stress theimportance of spatially determined
externalities for explaining regional growth differences, but one single useful
modelling framework for this is not available yet (Heyma & Oosterhaven
2005). Itis concluded that alternative modelling approaches have reason to
existalongside the New Economic Geography approach, because these have
specific propertiesthat cannot be incorporatedinthe NEG approach.

Formal economic modelling before the New Economic Geography
Strong progression has been madein regional economic modelling over the
last decades. In mosttextbooks on regional economics these developments
in economictheory are discussed along historical lines (see Fujitaand Thisse
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2001). Inthis section, we focus on the traditional theoretical modelling and its
foundations, focusing on the relation to mainstream non-spatial economics.

The mainstream vehicle used in economicanalyses is the theory of the
competitive equilibrium culminating in the Arrow and Debreu (1954) frame-
work of a competitive general equilibrium. In such a competitive equilibrium,
economicactors maximize their utility by producing and consuming goods
while operatingina market environment of perfect competition. Moreover,
all markets are closed and therefore system prevails where every individual
and society gets what it wants given its resource constraints. This basic the-
oretical framework does not take location or space explicitly into account.
Moreover, Starret (1978) shows thatin ahomogenous space the only possible
competitive equilibrium that exists is equilibrium without transport costs, i.e.
asituation of backyard capitalism where every region produces for his own
consumption, and trade is non-existent. The reason for the competitive equi-
librium theory to fail explaining the stylized facts of trade and agglomeration
liesinthe basic presumptions of the theory. The theoretical framework does
notallow for scale economies, imperfect competition (firms with market
power) and indivisibilities or physical differencesin locations (heterogene-
ousspace). The solution to this modelis therefore a situation where every
firminacertain location only produces for those living in this location while
no trade takes place between locations. Not surprisingly, the scale of opera-
tiondoes notaffectthe productivity in productionin this framework.

Clearly, the outcomes of this mainstream modelling are far from reality
wheretradeamonglocations playsanimportant role and where agglomera-
tionsand agglomeration forces exist (Hahn 2002). To make the model more
realisticthe theory is often extended with technological and pecuniary exter-
nalities. Technological externalities are non-market externalities presented
by physical geographical differences amonglocations thatare not affected
norinduced by the economic process. Pecuniary externalities are endoge-
nous to the economic process and are therefore affected by (and the cause of)
economicdevelopments. In order to explain regional economic phenome-
non, the older regional economic models were based on technological exter-
nalities. Standard international trade theory isan example of such a model
(Krugman and Obstfeld 1991). Inthese models a specific location factor is
introduced for every distinguished location. Thus, potatoes producedin one
location are different from potatoes produced in other locations. Although
this modelis capable of explaining differencesin economicactivitiesamong
locations (distributive) itisincapable of explaining neither dynamic agglo-
meration processes nor national generative effects. In other words, in these
models space does not play anendogenous role and has therefore no effect
oneconomicdevelopmentbesides the spatial economic distribution of
peopleand activities.

Sincethe1990’sanew group of models has been developed following the
seminal paper by Krugman (1991). This group of models, generally named
New Economic Geography (NEG) models, takes space explicitly into account
and attempts to model both technological as well as pecuniary externalities.
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These models notonly introduce specificlocation factors butalsoimperfect 1. Sometimes other non-perfect
competitionand economies of scale, and are therefore often regarded as competition markets such as
amathematical formalization of older theoretical work in economic geog- oligopoly are distinguished

raphy (Martin and Sunley1996). The main theoretical vehicle on which
these modelsare based is not competitive equilibrium, but equilibrium with
monopolistic competition. These models are able to explain dynamic proces-
sesthatlead to agglomerations, as well as the persistence of these agglo-
merations. Because these models are at the edge of the theoretical develop-
ments in spatial economic modelling, we will discuss them more thoroughly
inthe nextsection. More elaborated introductions can be found in Fujita et
al.(1999), Brakman etal. (2001), Fujita and Thisse (2002) and Baldwin et al.

(2003).

New Economic Geography models

Driving forces
Models that build on the New Economic Geography theory emphasize spa-
tial agglomeration effects and marketimperfections. To take these effects
into account markets are not based on perfect competition, butare modelled
according to the theory of monopolistic competition. The degree of com-
petition on the different product markets determines the agglomeration
strength of the respective sectors, orin other words the degree to which this
sector profits from having other firmsinits surroundings. The common way
of modelling markets operating under perfect competition is now a spe-
cial case of the more general specification used forimperfect competition.
Perfect competition occurs now in the extreme case when there are no agglo-
meration effects.

Recently some empirical models have been developed thatare based on
thetheoretical framework as described above. This group of computable
general equilibrium models are notanalytically tractable and have therefore
to be solved numerically (see for example Brécker 2000, Oosterhaven et al.
2001; Thissen2004). Moreover, due to their highly non-linear nature they are
evendifficultto solve numerically. Most NEG models used in policy analysis
aretherefore based on simplifications of the theoretical models that are ana-
lytically tractable (see Baldwin et al. 2003 for an overview). We may summa-
rise the working of these NEG model by distinguishing the following five main
spatial effectsin the model.

1 The market-access effect. Monopolistic firms will try to locate them-
selvesinabigmarketand export to small markets. In this way they
minimise transport costs and are the most competitive in all regions.

2. Thevariety effect. Monopolistic firms (and consumers) will try to locate
themselvesin a bigmarket with the mostvarieties to gain in productivity
(and utility for consumers) viaa larger variety of intermediate inputs.

3. The costof living effect. Goods tend to be cheaperinaregion with more
economicactivity since consumersin this region importlessand reduce
their transport costs. This attracts consumers.

4.The market-crowding effect. Monopolistic firms have an incentive
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tolocatethemselvesinregions with few competitors to avoid strong
competition.
5. Housing-effect. People have the tendency to migrate to areas with little

competition for land and housing, thereby maximizing their utility.
While the first three effects are agglomeration forces, as they encourage
agglomerationinthe model, the lasttwo effects are dispersion forces. Trade
costs, commuting costs and the regional availability of land and housing
determine therelative strength of these forces. A model with only agglome-
ration forces would ultimately lead to an economy concentrated in one single
point. Arealisticmodel should therefore take both agglomeration forces as
well as dispersion forcesinto account.

Agglomeration economies and perfect competition
Itwas already discussed that regional or spatial economic modelling using
perfectcompetitionina general equilibrium framework resultsin models
thatignore regional or spatial economic processes (pecuniary externalities).
Theoretical economists sought for alternative market theories that can be
usedto describe agglomeration effects within the sound theoretical frame-
work of general equilibrium modelling. Although several theoretical frame-
works have been tried within empirical and theoretical studies, the dominant
and overall accepted theoretical model is based on Krugman (1991) and uses
monopolistic competition (Dixit and Stiglitz1977) to describe the way mar-
kets operate. Inorderto understand regional economic modelling and the
models described in this book that focus on this principle (RAEM, REMI, CPB,
Regina, MOBILEC) we presentashortintroductionin economic market the-
ory focussing especially the differences between perfectand monopolistic
competition.

The standard way to model marketsin macro-economics and in spatial eco-
nomics up to two decadesago, isalong the lines of perfect competition. The
case of perfect competition, which is graphically depicted in Figure1, is based
on the assumption of many suppliers (firms) that have no market power and
therefore cannotinfluence the price. In other words, firms are confronted
with a horizontal demand curve (pp), and they optimize profits by deciding
upon thessize of production given the market price for their products. Firms
maximize their profits when the return to an extra unit of production (the
marginal revenue MR) equals the cost of producing this additional unit (the
marginal costs Mc). In a perfect competition framework there are no dif-
ferentvarieties of products. Thus, all products produced by an economic
sectorarethesame. Itistherefore the case thatafirm can only decide upon
theamount of a productto produce and not on the price heis goingto ask
forit. Thereare no quality differences and even the smallest change in the
pricewould therefore lead to aninfinite additional demand or no demand at
all. Whenevera firm can make a profit because the price isabove its average

costs, it will face new competitors on the market and the profit will be eroded.

Inthis model itis not possible to explainintra-industry trade between regions
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Figure 1. Perfect competition
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with non-zero transportation costs because consumers will always by the 2. Thisconditionis normally pre-
cheaper product. The model will therefore predict spatial specializationatthe  sentedasthe substitution elasticity
industry level with low transport costs or regional autarkies with high trans- beinga function of the variable and
portcosts. The only possible way to incorporateintraindustry trade in this the fixed costs of production.
modelistherefore to define regional differencesin productionand turning

intra-industry trade into inter-industry trade.

Agglomeration economies and imperfect competition
Monopolistic competition on the other hand is best explained using Figure 2.
Inthe shortrun, the monopolistic firm faces ademand curve bp and sets its
price such thatit maximises profits, i.e. such that Marginal Costs (Mc) equal
Marginal Revenue (MR). The firm makes a profit per product equal to the
difference between the price and the average costs. However, profits attract
new entrants and shiftevery firm’s demand curve (DD) to the left. In the long
run equilibrium all profits are eroded and the price equals the Average costs
(Ac). Monopolistic competition is generally modelled using the Dixit-Stiglitz
(1977) approach, in which producers and consumers have a preference for
variety. All these varieties areimperfect substitutes. The availability of more
varieties allows producers to use amore roundabout production process via
anincreased variety of intermediate inputs. The increased diversity of inputs
allows producersto use amore ‘roundabout’ production process and lowers
unit costsat given input prices. Thisisavariant of the insight given by Ethier
(1982). Consumer’s utility depends also on the availability of different varie-
ties, which better fit their preferences.

Using this approach to model monopolistic competition gives usalong-run
equilibrium with zero profits where the number of varietiesis a function of
the substitution elasticity and the fixed costs of production.? This substitution
elasticity represents the degree of competition and determines the slope of
thedemand functionin Figure 2. Thus, the size of the substitution elasticity
betweenvarieties determines the number of varieties produced in every
regionand, asthe number of varieties determines the size of the agglomera-
tion effect, this parameter determines the size of the spatial economies of
scale.

This modelling framework can be used in the production function above,
theinvestmentfunction (Ethier1982) and in the utility function of consumers.
Besides production becoming more efficientalso welfare increases when
more product varieties are availablein aregion. Inamonopolistic competition
frameworkthere are different varieties of products producedin all regions.
Thereistherefore variety in production within and between regions. In
amonopolistic framework there are (quality) differences between prod-
uctsand small changesinthe price therefore lead to limited changesin the
demand. Every firmisalittle monopolistand sets its price to maximize its
profits. However, any profitattracts new entrants to the market, and in the
long runall profits are eroded. In this model it is possible to explain intra-
industry trade between regions with non-zero transportation costs because
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consumersare interested in different varieties of products. Also agglomera-
tion effects occur due to changesinthelocal supply of varieties. The model
will therefore predict spatial specialization at the industry level for agglo-
merations of industrial activity. [t will also predict differencesin productivity
among regionsand particular varieties of comparable goods are possibly
producedindifferentregions. Thus, opposite to the case of the competitive
equilibrium framework, thereis no complete specialization.

Policy, spatial interaction and agglomeration
Althoughthe above theoretical framework gives us the possibility to explain
stylised facts such asagglomerations and permanent different growth rates
of regions, we also need to explain how governments may use these spa-
tial interactions to stimulate economic growth or repair adverse economic
effects. Any policy measure that changes the economicshape of a country
affectsregional economic growth and income distribution. Thisin turn, may
trigger migration and lead to even stronger changes of the economicland-
scape. Theeconomic morphology of a country is here defined as the time and
costs necessary to connecttwo pointsin space for economic purposes such as
trade or commuting. Policy measures that affect this morphology are physical
measures such astransportinfrastructure, butalso spatial non-neutral taxes
orsubsidies such asroad pricing.

The economicshape of a country is determined by facilities for housingand
industry and the time and costs of travelling, trade, and networks, between
livingandindustrial areas. Thus, the economic space of a country notonly
involvesthetransport of goods and people, butalso the embeddedness of
thefirminits environmentviaits customers and employees and their means
of communicationi.e. thetelephoneortheinternet. The government may
affectthe economicshape of the country by, forinstance, the construction of
road and rail infrastructure that affects the costs of commuting, transporting
goods from the factory to the shop, the costs of bringing the goods from the
shoptohomeorbringing the consumerto the place of consumption and, the
costs of business travel. However, also new communication infrastructure
has an effecton the economicshape of the country by changing search costs
for findingthe bestvariety and improving the firms network with other firms
initssurrounding. Other policy variables that change the economic shape of
acountryand which have aregional economic effectare those thatinfluence
thelocation of housingandindustries. Housing gives the possibility for con-
sumptionand labourto be ata certain location, while industrial areas give the
possibility to make use of thislabour and have firmsin a certain place.

Animportant part of the effects of policy measures that affect the eco-
nomicspacein NEG models will affectthe regional economy via pecuniary
effects such asagglomeration economies and dispersion economies. For
instance, when a region becomes more accessible due to new infrastructure,
productivity may increase by amore roundabout production process and
cheaperinputsduetolowertransport costs. At the same time utility of con-
sumersincreases if they can chooseamong more variety. This will attract
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people fromotherregionsandlead toalargersupply onthelocal labour
market and thereby increased production. The overall effect on production
may therefore be that productivity increases exponentially with arisein the
regional scale of operating. Thisis an example of pecuniary externalities such
asintroducedinthe previous section.

Interregional trade and agglomeration effects
Product markets play a crucial role in the effect of changesin the economic
spaceonregional economic development. Product markets are affected by
changesintransportinfrastructureviaregional trade and the labour market.
The way product markets are affected by changesin transportinfrastructure
will be given below as an example how agglomeration effectsinfluence
spatial economic developments. The effects of achangeintransportcostson
product marketsinaNEG model with monopolistic competition and pecu-
niary effects such asagglomeration economies are graphically presented in
Figure 3. Inthis flow diagram the other markets, such as the labour market, are
taken Ceteris Paribus. A changeintransport costs changes the competitive
position of different regions. Firmsin aregion where transport costs decrease
duetoanew road will see their products become more competitive (cheaper)
onotherregional markets, butseealso product varieties from other regions
become more competitive on the local market. Thus, on the local market the
firm facesincreased competition that will lead to a competitive disadvantage
forlocal industry and may lead to a decline of productivity in the local region
duetoscaleandscope effects. This decline of local productivity causes the
relative price of imports to decrease even more which enhances this negative
effectforthe region (pecuniary externality). On other regional markets the
firm facesthe opposite effect. Here the firms’ products become cheaper
causingdemand and production to rise with positive scale and scope effects
and thereby enhancing the firm’s competitive advantage over firms from
otherregions. Which of the two effects will be dominant depends on the
relative dependency of aregion to trade and the size of the local market.

Consumerssee theiraccess to different markets and more varietiesin-
crease. Aslongastheabove mentioned potential negative production effect
isnottoolarge, itis expected that they gain from the reductionin transport
costs. Thus, here we see how a changein transport costs may cause changes
indemand and productionviascale and scope effects that will lead to both
national generative and interregional distributive results. Moreover it was
shown that this mightlead to cumulative processes via pecuniary externalities
thatresultin far stronger effects than those in models without agglomeration
effects.

Externalities and the need for other theoretical frameworks

and models
The New Economic Geography modelsinclude space, butare primarily
based on economics. Although there are many overlappinginterests, the
NEG modelling traditionisin many respects different from ‘old” economic
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Figure 3. Effectsof changesintransport costs on product markets
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geography, specifically in accepting general equilibrium models and disre-
garding detailed and specificattributes of cities, regions and international
relations. Especially the explanatory power of spatial externalities in terms
of knowledge spillovers remains a black box until today (Van Oort 2004).
Butopening up the black box of the exact working of externalities comes at
the cost of less structured and complete modelling (Van Oort2004). Martin
and Sunley (1996) mention, forinstance, the differences in the weights of
the factor levels of spatial scale and the acceptance of heterogeneous actors
and non-economic (e.g.: psychological and socio-political) factors. Another
importantdifferenceistheacceptance of general and specific spatial beha-
viourand structures. ‘Old” economic geography emphasizes the existence
of heterogeneousness and specificsituations where it is not always useful
to work with that kind of models but with case-studies for cities, regions or
international relations. Inthe NEG approach, one of the mainissues is the
thesis thatthe forces convergingin, or leading towards, an equilibrium state
—increasing returns, economies of scale, monopolistic competition and
therelation of transport costs and wages—are independent of scale (‘spa-
tial scale-free processes’). Inthe words of Brakman et al (2001, p323): ‘By
using highly stylized models, which no doubt neglectalot of specifics about
urban, regional and international phenomena, geographical economicsis
ableto show thatthe same mechanisms are at work at different levels of
spatial agglomeration’. The NEG tradition distinguishes little to no variation
in types of firms (sectors), lifecycles of firms (firm formation orincumbent
firm growth) and scales within regional and urban space (Lambooy and Van
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Oort2005). Thisiswhatis called the ‘representative firm, region or city’ in
NEG analyses. Geographical and evolutionary economic theoriesand models
explicitly depart from this, but have no closed theoretical framework to back-
up their findings. Still they shed light on modelling details the NEG will never
beable to address (like the quality of labour, low spatial scales of analysis and
the relation with mobility), and therefore are interesting in themselves.
Boththe GE-and economic geography conceptualizations build on location
theory, especially onthe concept of externalities or spillovers. Externalities
orspilloversoccurif aninnovation or growth improvementimplemented by
acertain enterpriseincreases the performance of other enterprises without
the latter benefiting enterprise having to pay (full) compensation. Spatially
bounded externalities are related to enterprise’s geographical or network
contexts, and are notrelated to internal firm performance. All discussions of
spatial externalities link to a threefold classification, as made by Isard (1960)
inwhich the sources of agglomeration advantages are grouped together as:
1. Internal increasing returns to scale. These may occur to asingle firm due
to production cost efficiencies realized by serving large markets. There
isnothinginherently spatial in this concept other than that the existence
of asinglelarge firminspaceimpliesalarge local concentration of factor
employment
2. Whether dueto firmsize or alarge initial number of local firms, a high
level of factor employment (labour demand) may allow the development
of external economies within the group of local firms in a sector:
localisation economies
3. Orthe development of external economies available to all local firms
irrespective of sector: urbanisation economies.
Localization economies usually take the form of Marshallian (technical)
externalities whereby the productivity of labourina given sectorinagiven
city isassumed to increase with total employmentin that sector. In short,
they arise from labour market pooling, creation of specialized suppliers and
the emergence of technological knowledge spillovers. The strength of local
externalitiesisassumed tovary, so thatthese are strongerin some sectorsand
weakerin others. Theassociated economies of scale comprise factors that
reduce the average cost of producing commodities. External scale econo-
mies apply when theindustry in which the firm belongs (rather than the firm
itself) is large. Under further assumptions on crowding (congestion costs that
increase with population triggers dispersion), perfect productand labour
mobility within and between locations and the influence of large agents, an
urban systemis composed of (fully) specialized cities, provided that the initial
number of cities is large enough. Once cities exist, urbanisation economies
becomeimportantaswell. The concept of agglomeration externalities in this
framework is used by both regional economists and the NG (Brakman et al.
2001). Urbanisation and localisation economies are essentially investigated at
theurbanand agglomerated level (Frenken etal.2004).
Within the ‘old” geography, especially ‘'untraded interdependencies’ that
function as externalities and spillovers are the focus of geographical research
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recently (Sjébergand Sjéholm 2002). In geography, by history, there has
always beenamuch larger emphasis on spatial differentiation and on the
interaction of the relevant urban or regional environment with locational
choices made by individual firms and investors than in the NEG models.

More general, the main differences between the NEG context of analysis

and the geographical oneisthe role thatthe treatment of individual choice
by entrepreneursand behaviour play inthem. The influential behavioural
geographical literature (Webber1972) focuses on rational choice, incomplete
information, limited cognitive capacities of entrepreneurs and differences
ininformation absorption in life stages of firms. Especially newly founded
firms (starting entrepreneurs) have limited experience in their business, and
locational choices (concerning first location, in-situ growth or movement)
will be limited to certain information-dense regions or cities where (trans-
action) cost minimalisation and profit optimising opportunities are thought
to be optimal. Regionally, the livingand working location of newborn entre-
preneurs will notdiverge much. Large urban agglomerations are often better
incubator places than other locationsin this respect. Relative large product
markets, adiverse supply of input factorsand commoninfrastructuresare
importantfactors forurbanlocation. The stylised fact that the life phase of
(especially new and young) firms in differentindustries is highly influential
onagglomerationislargelyignoredin NEG models—the ‘representative firm’
iscommon in this theory.

Theoriesfocusing on choice and behaviour can be extended to meso- and
macro economic growth theories, asin evolutionary economics. Structures
are more than the aggregation of individual choices, itis the result of many
interactive processes (Boschma and Frenken 2003). Evolutionary economic
theory focuses on the creation of new spatial structures, and less on explain-
ing equilibrium sates. Within the same spatial and institutional context, firms
and entrepreneurs cometo differentlocation behaviour. In evolutionary
economictheory, ‘new’ industrial locations might occur by means of chance
or ‘catastrophes’ (usually lead by the introduction of new technologies).
Neo-Schumpeterian, endogenous growth (especially caused by innovation)
can causea process of creative destructionin the ‘old” agglomerations of
economicactivity (like the Ruhr-regionin Germany) and can develop relative
new concentrations elsewhere (like Silicon Valley). Still, after a certain
period, agglomerated location occurs on the macro-level again: externalities
andspillovers become localised and regional clustering and co-location
is profitable (again) for firms. From then on, path-dependency becomes
importantin explaining persistingagglomeration of economic activity.

Both ‘old’ geographical theories and the NEG models cannot deal with these
phenomenain onesingle conceptualisation like evolutionary economics can.
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THE REMI MODEL FOR THE NETHERLANDS
GerbrandvanBork & Fred Treyz

Introduction

Why the REMI-NEI model?
Inrecentyearstherehasbeenanupswinginthe need of policy-makersto
gaininsightinto the economicimpactand costs and benefits of policy. At the
sametimethereisanongoingdebate ontheindirecteconomic effects of
infrastructure projectsin the light of the 01 guidelines for cost-benefitanal-
ysis (see the contribution of Heyma and Oosterhaven in this book). Itis these
developmentsthat have led theresearch consultants of ECORYS to review
its own tools for quantifying economicimpact. Many of the existing tools
(suchasl/Oanalysis, shift-share regression, labour market modules) are only
suitable for quantifying partial economicimpact, hence we felt the need to
improve ourtools for this purpose. The search has led to the development
by ECORYS, incooperation withREMI Inc., of the REMI-NEI model for the
Netherlands.

Aim of the REM1-NEI model and possible applications
Because of its features the REmI model is particularly suitable for quantify-
ingtheimpactof policies on the regional and national economy. It can also
be usedto constructlong-term economicscenarios for regionsand the
Netherlandsasawhole. Itislesssuitable for short-term forecasting, asitis not
based on cyclictime-series regressions.

Possible applications of the model are to assess the economicimpact of poli-
ciesinthefields of:

Infrastructure (rail, road, waterway)

Mainports (Port of Rotterdam, Schiphol airport)

Spatialinvestment (‘Nieuwe Sleutelprojecten’, business estates etc.)

Labour market policies (training, social security contributions)

Energy (costsavings programmes etc.)

The environment

Origin of the REM1-NEI model
Theoriginal version of the REMI model was developed at the University of
Massachusettsin1977.In later yearsit was extended into a model that could
be generalized for all states and countiesin the us undera grant from the
National Cooperative Highway Research Program. Since 1977 a vast litera-
ture of international articles has been produced onthe model and its exten-
sionsand the estimation of equations (see References). The model has now
been developedforseveral regionsin Europe, as well as the Netherlands.
Ithas recently been developed forthe uk (by EcoTEC), Scotland, Belgium,
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Southern Italy and Spain (by the European Commission) and North Rhine
Westphalia (by Rwi1).

TheREMI-NEI model

Theory
REMI/ECORYS isaregional economic model with new economic geography
elementsand general equilibrium elements. Itis partly a general equilibrium
model, because of optimising behaviour of consumers, producers and work-
ers. However the markets in the model do notimmediately arrive atnew
equilibria. Complete input-output relationshipsareincorporatedinits struc-
ture,and dynamic responses are estimated using econometricapproaches. It
hasbeen developedasanapplied, structural forecasting and policy analysis
model, thus providinga comprehensive description of economic flows,
industry relationships, and demographicissues.

The microeconomic foundations of the REMI macroeconomic model are
describedinFan, Treyz & Treyz (2000). This theoretical model provides a
prototype forincorporating the new economic geography in the applied
REMI framework, which wasinitially implementedin 1980 and has been
continually updated and developed. The new economic geography industry
structureis monopolistic competition as explained in the introduction to this
book.

Given this set of assumptions, cities of differing sizes and industry struc-
tures form endogenously. Equilibrium depends not only on the initial con-
ditions butalso onthe speed of adjustment. As we apply this to the empirical
REMI model, theinitial economic conditions represent the actual economic
and demographicstructure of the Netherlands, yet respond to changesin
agglomeration economies.

Comparison with other models
With its complete input-output framework REm1 has a greatdeal in common
with other models for the Netherlands that have a strong input-output basis.
REMI has been systematically comparedto HERMIN, Quest ], and Venables
and Gasiorek as modelsinternationally available used to evaluate European
Unioninvestments (Treyzand Treyz 2004). Venables and Gasiorek provide
astrongtheoretical basisin terms of new economic geography, and its build-
ing blocks areindividual firms. Quest Ilis a Multi-Country Business Cycle and
Growth model with astrong basis in neo-classical economictheory, assuming
rational and foresighted decisions by economicactors; itis limited when it
comes to national and international analysis, as it does not provide for local /
regional economies. HERMIN is theoretically based on a two-sector, small
open economy model with a Keynesian component: the coefficients and
functional formvary depending on the implementation, and the modelling
approach considers time-series datain determining its specification for any
particular country.
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Structure of the REMI1-NEI model
The REMI model consists of thousands of simultaneous equations while
having arelatively straightforward structure. The overall structure of the
model can be summarized in five main blocks representing the various mar-
ketsinthe model: (1) output and demand on the market for goods and servi-
ces, (2) labourand capital demand on labour market and capital market,
(3) population and labour force (the labour market), (4) wages, prices and
costs, and (5) market shares (the market for goods and services). Figure1
shows the blocks and their key interactions.

Theregional final demand from consumers and the regional output of firms
aredetermined in the output block, which essentially describes the regional
markets for goods and services. The labour and capital demand block con-
tains the equations for the demand for labour (on the regional labour
markets) and the demand for capital (the capital goods market). Regional
output and wages determine the demand for (a) labour and (b) capital goods.
Theregional labour supply is dependent on population (age structure, sex)
andinterregional migration (the demographic block). In the wages, prices
and costblock, wages areinfluenced by the supply and demand of labour, and
prices by production costs. These wages, production costs and prices deter-
mine the marketshares of regions compared with other regionsin the
Netherlands andintheinternational market. Regions with lower costand
pricelevels will have alarger market share and therefore bigger output than
otherregions. A more detailed description of the blocks in the model is given
in Appendix 1.

The main (regional and national) markets described in the model are:
The market forgoodsand services (regional supply and demand for
goodsand services)
The labour market (labour supply and demand)
The market for capital goods (investment)
The housing market (the housing price equation)
Theland and real estate markets (apartfrom housing prices) are notincluded
inthe model.

Importantexogenous variablesinthe model are national forecasts of popu-
lation, exports and productivity, using the Netherlands Bureau for Economic
Policy Analysis (cpB) figures for the long-term European Coordination sce-
nario. Other exogenous variables are transport costs, energy prices and other
business costs, commuting costs, taxes and social security contributions. The
model has many endogenousvariables, for example:

Grossregional productand gross national product (by industry)

Exports, productivity

Employment (by industry) and unemployment

Participation rates and the labour force

Wages, prices and housing prices
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Inthe recent new economic geography literature, the advantages and
disadvantages of agglomeration caninfluence aregion’s productivity and
economic growth. Advantages of agglomeration are e.g. knowledge spill-
overs, variety of intermediate and consumer goods and variety of labour sup-
ply; disadvantages are congestion, rising real estate prices etc. The model
incorporates the following aspects of the new economic geography, which
werealso discussedintheintroduction to this book.

Variety of intermediate goods and services (commodity access index). More
intermediate goods and servicesincrease productivity in the model, theidea
beingthat more choice gives firms more possibilities to optimize inputs.

Variety of consumer goods and services. In REMI more variety of consumer
goods hasa positiveimpact on migration: theidea is that the beneficial effect
on consumers of having more access to consumer goods (services of hotels,
restaurants etc.) makes regions more attractive.

Labour access. Betteraccess to specialized labour thanks to a bigger pool of
workers enhances the productivity of firmsin the model. The principle is that
the ‘broaderlabour market’ enables firms to select better workers according
totheir needs, improving the qualitative match on the labour market. The
model applies this concept by allowing more labour supply to have a positive
impacton productivity.

Housing prices. Increasing population and per capitaincome have a posi-
tiveimpacton real estate prices in the model; thisincreases the cost of pro-
duction, however, and therefore has a negative effect on regional production
growth.

Estimation and implementation
TheREMI-NEI model representsthe Netherlands as seven regions: North
Holland (South) (the ‘coroP’ regions of Greater Amsterdam, the Zaanstad
region, the Gooi & Vechtregion, ljmond and Haarlem); Flevoland (the prov-
ince); Utrecht (the province); Greater Rotterdam (the corop region); the
Rest of South Holland, Southeast Brabant (the coroP region) and the Rest of
the Netherlands.

Key datausedinthe modelare the national input-outputtable, the con-
sumer sector table and wages and income data from the National Accounts
of the Netherlands, published by Statistics Netherlands (cBs). Datainclude
wages and salaries and employment for 24 industries, personal consumption
expenditure, household income, taxes and disposableincome, and personal
income. Demographicdatafromthe cesincludes population by single year of
age, numbers of births and deaths, international and interregional migration,
and natality and survival rate forecasts. Additional data from Eurostat was
usedto calculate labour force participation rates by ageand sexand to fore-
castnational participation rates.

Trade flows by industry were calculated for the 40 coroP regions, which
were then aggregated to produce trade flows for the six regions in the model.
Trade flows fora givenindustry are based on regional output, demand, and
the distance to other regions. A region-specific distance decay parameter
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determines the extentto which trade occursina particularindustry. These
universal parameter estimates are based on cross-sectional time-series data
forover3,0oous counties overaten-year period, to determine the decay of
market shares across distance. This dynamicapproach requires alarge time-
series, cross-sectional data setthatis notavailable for the Netherlands. (Data
isalsonotavailable for survey-based approaches, particularly in the case of
the non-manufacturingindustries, which account for over 85% of Dutch
employment). Further developmentsin the model will include distance decay
parameter estimates using available European data.

Aguiding principleinthe design of REmI is maintaining a theoretically
consistentframework. The model is calibrated to the data for the particular
national, regional, or multi-regional configuration. Parameter estimates are
typically based on panel dataforalarge number of regions over many years.
The use of panel dataallows for robust parameter estimates within a consis-
tentstructural methodology. Estimates based onindividual time-series data
forasingleregion do not provide a sufficient statistical basis for consistent
model estimation, hence models based on single time series often have ad
hocformulations, with variables added or discarded based on their statistical
validity for alimited set of observations.

In order to maintain key dynamic responses thatare supported by the data,
REMI-NEI is constructed using the best available estimates based on available
panel data. To some extent this means relying on estimates based on research
into individual equations forthe us using data sets and procedures that have
been conducted during the 24-year development of REMI, including exten-
sive re-estimation. Migrationin response to wage rate and employment
changesisbased onthelargest European data setavailable, using data for
Germany. This provides for a major structural difference between us and
Europeanlabour markets. Fixed effects for regional migration are calibrated
specifically for each of the Dutch regions.

Estimates of distance decay parameters, a central aspect of the regional
dimension of the model, will be developed using available European data.
Long-term estimated export elasticities calculated by the cp8 are also under
consideration forincorporationinthe model.

A practical case study using REMI-NEI

Policy relevance and the relationship with cBA
Asstated earlier, REMI-NEI ismainly atool for measuringimpact, although it
canalsobeused forscenario construction. In this respect it can give policy-
makersagoodinsightinto the economicimpactof different policies. It can be
used for Cost Benefit Analysis (CBA), but the researcher has to adapt outputs
from the model for this purpose. It gives as output the total economicimpact
of policies: thisis the sum of directand indirectimpacts (cBA terminology).
Theresearcher then hasto decide whether the indirectimpacts are additional
tothedirectimpacts of policies. The regional structure in the model enables
itto giveaninsightinto the regional distributional effects of policies. The
output from the modelincludes agglomeration or scale effects, thanks to the
new geography elements.
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Figure 2. REMI mechanism for modellingimpacts of changesintransportcostsonthe
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Application to the Almere-Haarlemmermeer corridor
REMI was recently used to carry out a cost-benefitanalysis of urbanization
alternatives for the Randstad area and infrastructure in the Haarlemmermeer-
Almere corridor. This study was done for the Dutch Ministries of Housing and
Environment, Transport, Finance, Agriculture and Economic Affairs. In this
example we give some information ontheimpact of the Haarlemmermeer-
Almere corridor, which will need new infrastructure by 2010 because of the
growth of housingand economicactivity in Almere and the Haarlemmermeer
area.
There are two proposed alternatives for the new infrastructurein the
Haarlemmermeer-Almere corridor:
Highway max.: more extension of major highways and regional
motorways planned thanincreasein public transport capacity (rail)
Publictransport max.: less enlargement of major roads and regional
motorways planned and more publictransport capacity

Thedirectimpacts of these two alternatives are reductionsin travel time
for commutersand businessand leisure travellers. The transport model for
the North Randstad area of DHV was used to calculate these induced trans-
porteffects (transport flows and time savings). The travel time reductions
were translated into transport costsavings for commutersand businesses as
inputstoREMI. As theinputvariable to the model we have used the matrices
of transport cost for commuters and businesses between regions. Figure 2
shows the mechanism for assessing the impact on the economy of changesin
transport costs.
There aretwo waysin whichachangeintransport costs hasanimpacton
theregional economyin REMI:
Areductionintransport costs for businesses causes lower prices and
thereforeanincreaseintheregion’s marketshare, inturnleading to
higher productionand employmentin the region.
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Areductionintravel costs for commutersimproves companies’ access
tothelaboursupply, giving them a wider choice of employees, giving
riseto a better—qualitative—match on the labour market. This makes
companiesin the region more productive and brings aboutanincrease
intheir marketsharesin other regions and foreign countries. Exports,
production and employmenttherefore go up.

Results
Theresults from the transport model, translated into reductions in transport
costs, yielded the following employmentimpacts of the Highway maximum
alternative.

Asfigure3shows, the North Holland (South) region (Greater Amsterdam,
Haarlemmermeer) gainsalargeincrease in employment. The Flevoland re-
gion (where Almere s situated) and the Rest of the Netherlands, on the other
hand, experience adecreasein employment. Theinfrastructure between
Flevoland (Almere) and North Holland (North) causes reductionsin trans-
portcostsin both North Holland (North) and Flevoland. When the transport
costsin more regions change because of infrastructure changes, however, the
relative changes affect theimpacts on the regional economy: North Holland
(North) hasalarger reductionintravel costs than Flevoland. Thisis reinforced
by the factthatthereductionislessimportant to the industry mixin Flevoland
(which has alower share of manufacturing).

Anew insight from the modelis the effect of reductionsin commuting costs
on productivity, which has been neglected in many previous studies oninfra-
structure. Also new are the agglomeration effects, which are quantified for
thefirsttime. Finally, the model shows thatsome regions might gain from
infrastructure changes, butothers mightlose, depending on the relative
decreasein costsand market shares. More details can be foundinEcoRrys

(2003).

Conclusions and further research

Evaluation of the model
ECORYS researcherstested the firstdesign of REmMI-NEI for plausibility in
various ways. First they checked all the data. Secondly, they compared the
model’s baseline forecast with the cpB’s long-term Ec scenario for the Dutch
economy and corrected it on this basis. Thirdly, they tested it with a series of
projects (Maasvlakte 2, the Randstad Transrapid Circle, Rotterdam NsP). The
directimpacts of these projects from previous studies were used as inputs to
the model. The magnitude of the economic results from the model was com-
pared with previous economicimpact studies and the literature, and import-
ant coefficientsin the model were compared with those in other models.
Finally, a plausibility check of the mechanisms was carried out. After each test
the model was adapted if coefficients were out of line with otherinsightsand
the magnitude of results was notin line with the literature and previous
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Figure 3. Employmentimpacts of the Highway max. (5N) alternative
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studies. cpB gave asecond opinion, makingimportant recommendations on
the model. This led to an agenda for future research (see below).

Conclusion
The REMI model forthe Netherlandsis a worthwhile tool for quantifying the
economicimpactof policies. Itincorporates mainstream economicinsights
and elements from the new geography literature. Economicimpactsin the
Dutch model are based on the directimpact of policies, ensuringasolid causal
mechanism for the quantification of impacts. A good understanding of the
quantitative economicimpact of policiesisimportant if policy-makersare to
have asolid basis on which to make decisions.

Further research

Having applied the modelanumber of times, we envisage the following pos-

sibilities for further researchin order toimproveit.
Adding more regions to the model to provide more regional detail in
REMI-NEI. Regionsare currently added when requested by our clients.
Re-estimate some labour participation and price elasticity coefficients
for the Dutch labour marketand goods market.
Introduce reservation wages (unemployment benefits) in the labour
participation equations. The reaction of labour supply to wage changes
will be lower thaninthe us because of unemployment benefits. In
orderto capture this behaviour on the Dutch labour market we need to
introduce reservation wages into the model.
Commuting patternsasan endogenousvariable. Commuting patterns
betweentheregionsare currently exogenous in the model, which
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means thatcommuting does notactas an equilibrium-bringing force
ontheregional labour marketin REMI. Because of theimportance of
commuting to regional labour marketsin the Netherlands, we think it
isnecessary tointroduce commuting as an endogenous variable in the
model.

Allow for more disadvantages of agglomeration (new geography
elements). At present the only negative agglomeration forcein the
modelisreal estate prices. Further research into negative urbanization
factorsisanotherinteresting option that could improve the model.
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APPENDIX 1. BLOCKS IN THE REMI-NEI MODEL

This appendix describes the five building blocks and the relationships within
them.

Block1. Outputand demand onthe marketfor goodsand services. Key Endogenous

Linkagesinthe Output

Composite P 9. Intermediate Input

10.Changein Local

Price Productivity Supply Share
(Block 4) (Blocks)

Economic . Commodity Access . Intermediate
Migrant Index Inputs Population
(Block3) (Blocks)

Population . Stateand Local . Output 3. Consumption Consumer
(Blocks) Government Prices

Spending (Block 4)

. Investment 1. International 2. Real Disposable Wage Rate

Exports Income (Block 4)

Optimalvs. Share of Domestic Share of Employment (Notshown) Commuter

Actual Capital Markets (Block 4) International (Block2) Income or Outflow;

Stock (Block 2) Markets (Block 4) Property Income;

Transfer; Taxes;

Social Security Payments

This block contains the output, demand, consumption, investment, govern-
mentspending, importand export equations. Output for each industry in the
homeregionis determined by industry demandin all regionsin the nation,
thehomeregion’s share of each market, and international exports from the
region.

Foreachindustry, demandis determined by the amount of output, con-
sumption, investmentand capital demand in thatindustry. Consumption
dependsonreal disposableincome per capita, relative prices, differential
income elasticitiesand population. Input productivity depends on access to
inputs, asthe larger the choice set of inputs, the more likely that the input with
the specific characteristics required for the job will be formed. In the capital
stock adjustment process, investment occurs to fill the difference between
optimal and actual capital stock for residential, non-residential, and equip-
mentinvestment. Government spending changes are determined by changes
inthe population.
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Block 2. Labourand Capital Demand

Real Disposable Calculated
8. Actual Income (Block1) Earnings (Block1)
Capital
Stock 2. Industry Employment

Invest- M 9.Gap between

7. Optimal Non- . Labour 3. Occupational
ment Actualand Residential Productivity Employment

(Block1) Optimal Stock Capital Stock

Real Dis- 10.0ptimal 6. Capital . Factor Price 4. Labour Access

posable Residential Intensity Substitution Index by
Income Capital Stock Effects Occupation &
(Block) Industry

Wage Rate Composite
vs. Capital Wage Rate
(Block 4) (Block 4)

Thelabour and capital demand block includes the determination of labour
productivity, labourintensity and the optimal capital stocks. Industry-specific
labour productivity depends on the availability of workers with differentiated
skills for the occupations used in each industry. The occupational labour sup-
ply and commuting costs determine firms’ access to a specialized labour force.

Labourintensity is determined by the cost of labour relative to the other
factorinputs, capital and fuel. Demand for capital is driven by the optimal
capital stock equation for both non-residential capital and equipment.
Optimal capital stock for each industry depends on the relative cost of labour
and capital, and the employment weighted by capital use for each industry.
Employmentin private-sectorindustriesis determined by the value added
and employment per unitof value added in each industry.

A SURVEY OF SPATIAL ECONOMIC PLANNING MODELS IN THE NETHERLANDS

Wage Rate
(Block1)

Output
(Block1)

Block3. Populationand Labour Force

Relative 5. Participation . LabourForce

Real Wage Rate
Rate
(Block4)

Residentially 4. Employment 3. Potential Labour . Population
Adjusted to Potential Force
Employment LabourForce

(Block2)

. Economic

Migration

Wage Rate
(Block4)

Employment Oppor-
tunity (Block 4)

Housing Price
(Blockg4)

Local Government
Spending (Block1)

Commodity Employment
Access Index Opportunity
(Block1) e/LF(Blockg4)

The population and labour force block includes detailed demographicinfor-
mation onthe Dutch regions. cBs population datais used for age, genderand
ethnic category, with birth and survival rates for each group. The size and
labour force participation rate of each group determines the labour supply.
Animportant feature of the modelis that participation rates are endogenous.
Thesevary widely across age, gender, and ethnic category, hence the labour
forcedependsin large partonthe population structure of the region.

These participation rates respond to changesin employment relative to
the potential labour force and to changesin the real after-tax wagerate. Ina
subsequentversion of the model we should like to use the reservation wage
(wages minus unemployment benefits) instead of the real wage. Migration
includes retirement, military, international and economic migration.
Economic migrationis determined by the relative real after-tax wage rate,
relative employment opportunity and consumer access to variety in com-
parison to other regions. Migration, economic or non-economic, also varies
widely across population groupsin the model.
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Block 4. Wages, Pricesand Costs

Residentially
Adjusted Employ-
ment (Block2)

Migrants
(Block3)

Changein
Population

Density (Block3)

ChangeinReal
Disposable

Employment

Opportunity

E/LF

. WageRate

.Real Relative

Wage Rate for
Migrants

. Consumer

PricesIncluding

Housing Price

. Housing Price

. Real Wage

Rate

. Consumer

Prices

. Composite

Wage Rate

. Composite

Input Costs

. Production

Costs

Occupational Em-

ployment (Block 4)

Labour Access Index
by Occupation &
Industry (Block 2)

Input Access
Productivity Effect
(Block1)

Share of Domestic
Markets (Block s)

Share of Inter-
national Exports &

Imports (Blocks)

Income

This blockincludes delivered prices, production costs, equipment cost, the
consumption deflator, consumer prices, the price of housing, and the wage
equation. Economic geography concepts account for the productivity and
price effects of access to specialized labour, goods and services.

These prices measure the price of industry output, taking access to produc-
tionlocationsintoaccount. Thisaccessisimportant because of the speciali-
zation of production that takes place within each industry, and because the
transportand transaction costs of distance are significant. Composite prices
foreachindustry are then calculated based on the production costs of the sup-
plyingregions, the effective distance to these regions, and theindex of access
tothevariety of outputin the industry relative to access by other uses of the
product.

The cost of production for each industry is determined by the costs of
labour, capital, fuel and intermediate inputs. Labour costs reflecta produc-
tivity adjustmentto account for access to specialized labour, as well as under-
lyingwage rates. Capital costsinclude those of non-residential structures
and equipment, while fuel costs comprise those of electricity, natural gas and
residual fuels.

The consumption deflator convertsindustry prices to prices for consump-
tion commodities. For potential migrants, the consumer priceis additionally
calculated toinclude housing prices. Housing price changes from their initial
level depend on changesinincome and population density.
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Woage changes are due to changesin labour supply and demand conditions
and changesinthe national wage rate. Changesin employment opportunities
relativetothelabour force and occupational demand determine wage rates
byindustry.

Blocks. Market Shares
The market shares equations measure the proportion of the local and export
markets thatare captured by each industry. These depend on relative produc-
tion costs, the estimated price elasticity of demand, and the effective distan-
ces betweenthehomeregionand each of the other regions. The changein
the share of aspecificareainany regiondepends on changesinits delivered
price and the quantity it produces compared with the same factors for com-
petitorsinthat market. The share of local and external markets then drives
exports fromandimportsinto the home economy.

APPENDIX 2. INDUSTRIES IN THE REMI-NEI MODEL

Sectors

1. Agriculture, forestry and fisheries
Mining

Foodindustry

Textile and leatherindustry
Graphicalindustry

Oilindustry
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THE CPB REGIONAL LABOUR MARKET MODEL.
ATOOL FORLONG-TERM SCENARIO CONSTRUCTION
Eugene Verkade & Wouter Vermeulen’

Introduction
The cpB Netherlands Bureau for Economic Policy Analysis has built a regional
labour market model for the Netherlands that projects the regional distribu-
tion of population and employment. It will be used in the forthcoming study
Welfare and Physical Surroundings as atool for the construction of long-term
quantitative scenarios. As planning of residential and business estate areas or
largeinfrastructural projects requires along-term horizon, such scenarios can
generatevaluableinputfor policy.

Pointof departurein creating the model has been that regional popula-
tionand employmentinteract simultaneously. The conventional wisdom in
regional economictheory haslongbeen thatregional wage and unemploy-
mentdifferentials trigger migration, so that labour supply adjusts to shiftsin
demand. Butonthe otherhand, one couldjustas well argue that consumer
demandand laboursupplyincite firms to locate near people. Various simul-
taneous analyses of population and employment have favoured this latter
view.? Moreover, the equilibrating role of migration seems far from undis-
putedinthe empirical literature, especially with respectto European labour
markets.3

Most regional models currently providing information to Dutch policy
makers do not reflect this potential simultaneity, assuming either regional
employmentor population developments to be exogenous. Thisisinade-
quateinourview, because understanding the population-employment causal
relationship is of key importance to effective spatial policy. Forexample,
if regional population growth drives employment growth rather than the
otherway around, it seems less appropriate to affect the spatial distribution
of population and employment by means of labour demand policies (such as
investment subsidies).

Elaborate empirical researchinto the interaction of regional population and
employmenthas been conducted alongside construction of the cPB model.
Regional labour marketand demographic data have been collected at the
corop (Eurostat NUTs3) level, which coverthe1970—2000 period. These
dataallow foridentification of long-term developments. The econometrical-
ly estimated equations for netdomestic migration and employment growth
haveacentral roleinthe regional labour market model. Asa consequence, it
issetupasanempirically founded econometric model rather than a theoreti-
cally derived (general equilibrium) model.

Regarding scenarios for national developments as given, our model gene-
rates time paths of the regional distribution of population and employment.
Thesevariablesareembeddedinaframeworkthatrelatesthemto labour par-
ticipation, commuting and unemployment, so that consistent regional labour
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2.Seminal referencesare Muth
(1971), Steinnes (1977,1982),
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Boarnet(1994). Asimultane-
ousanalysis of populationand
employment for The Netherlands
hasbeen performedatthelevel of
municipalities by Bruinsmaetal.
(2002).

3.InoEcD (2000:37)itiscon-
cludedthat’Internal migration
appearstorespondtounemploy-
mentdifferentialsin thedirection
predicted by economictheory, but
the scale of movementappears
insufficienttoactasarapidadjust-
mentmechanism.’ Decressinand
Fatas (1995) show thatin Europe,
region-specificshocksareabsor-
bed by participation rather than
migrationintheshortrun. Their
analysisisapplied to Dutch data
by Broersmaand Van Dijk (2002).
SeealsoVan Dijketal.(1989),
where migrationand labour mar-
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forusand Dutchlabour markets.
Inthe Dutch context, it should be
mentioned thatwage differentials
aresmall, dueto bargainingat

the national level, so thatlabour
migrationasamechanism forarbi-
trage of wage differentialsis even

less likely here.




accounts are obtained. Given the dominantrole of housing markets, the model
alsoincludesan equation for growth of the regional housing stock. Finally,
demographicvariables other than domestic migration are determined,
though largely exogenously. Together, the time paths of all these labour mar-
ketand demographicvariablesareavaluableinputforthe spatial scenarios
that policy makers demand for.

This chapterisIntended asan outline of the cpB regional labour market
model4and structuredin the following way. In the next section we discuss
somerelevant historictrends, derived from our data on regional population
and employment. We interpretthese developments and propose a number of
stylised facts, which have guided us through constructing the model. The main
behavioural equationsin the model will be introduced in section 3, and other
equations will be briefly discussed here as well. Section 4 explains how the
model can be usedto generate different population-employment scenarios,
and some conclusions and recommendations are drawn in the final section. A
brief overview of the model framework, a short description of the database
and a map of the regional classification are givenin three appendices.

Stylised facts
We introduce the main variables of the cpB model visually. Figure 1shows
populationand employmentincrease between1970to 2000, relative to their
levelsin198s.Inorderto highlight regional differences, national growth rates
aresubtracted.> The mapsare atthescale of coroP regions, which corres-
pondsto EurostatNuUTs 3regions. Thisisalso the regional unitin the labour
market model.

Large regional differences in growth rates
Afirstinspection of figure 1shows that regional differencesin growth rates
have been substantial. Population growth between 1970 and 2000 varies
between around 30% below national average to around 20% above.® The
variationin regional employment growth is even larger, which is related to
ahugeincreaseinlabour participation.” Moreover, the spatial patterns of
populationand employment growth appear to be rather similar. For ease of
exposition, we splitthe Netherlands roughly into three parts: the populous
western part of the Randstad, the neighbouring high-growth region of the
Intermediate zone in the centre of the country and a Periphery, consisting of
regionsinthe north, southwestand southeast. For both variables, growth
was highest by farin the Intermediate zone.

Population shifts out of the large cities
From migration data on municipality level one can observe a gradual popu-
lation shiftout of the three largest cities of Amsterdam, The Hague and, toa
lesser extent, Rotterdam. Especially during the seventies, many people have
migrated away from these cities.® Initially, most of the migration was absor-
bed withinthesame NuTs 3region, butsurrounding regions haveincreas-
ingly benefited from this development. On drained land the new province
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4.0ureconometricanalysisis put
forwardindetailin Vermeulenand
Van Ommeren (2004).
5.Between1970and 2000 popula-
tioninthe Netherlands hasin-
creased by 20% and employment
by33% of the 1985 level.

6. Thisexcludesthelarge growth
rate of Flevoland, whichisduetoa
low initial level.

7. The map shows absolute devia-
tions from national growth rates.
National employment growth has
been larger than national popula-
tiongrowth duetoanincreasein
participation. Therefore, variation
of regional employment growth is
larger than variation of population
growth whenwe do notnormalize
tonational growth rates.
8.From1970to2000the popu-
lationin Amsterdam, Rotterdam
and The Hague has decreased
withabout100.000 peopleineach
city (roughly -15%), whereas the
national population has grown
with 3 million people (roughly
+25%). Population data from1960
indicate that this process has been

goingonforalongertimealready.

Figure1.Regional populationand employment growth between1970and 2000, in deviation

of national growth rates (percentages)
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of Flevoland has been created northeast of Amsterdam. Population growth
in this province has been spectacular. The province of Utrecht has realised a
population growth rate of above thirty percent, which exceeds the national
rate by morethanten percent. Over time, this shift has extended to the centre
of the country and further to regions such as the southwest of Gelderland and
the northeastof Noord-Brabant.

Itistemptingtointerpret the shift out of the large citiesin terms of suburba-
nization, or urban sprawl. This phenomenon has been observed for many us
and European cities over the past century.? Itis usually explained by arisein
incomes and declining commuting costs. Indeed, welfarein The Netherlands
hasincreased substantially over the pastdecades. The resulting demand for
larger dwellings and lot sizes could not be accommodated within these cities,
wheretheshare of housesintherental sectoris large and few dwellings with
gardensareavailable. Asaresult, people have moved to residential areas
outside these large cities or to neighbouring cities. In Almere (Flevoland) for
example, large houses can be obtained at relatively low prices and a consider-

able part of thelabour force commutes to Amsterdam. Probably related to this

urbansprawl phenomenon, anincreasein average commuting distance has
been observed.’® Restrictive spatial policy may have reinforced the popula-
tion shift.

The role of demographics
Besides domestic migration, regional population growth occurs through
natural populationincrease (birth and decease) and foreign migration. The
rate of natural population increase has varied considerable over space and
time. Forexample, the historically dominantly catholic southern provinces
of Noord-Brabantand Limburg have witnessed a strong decrease in birth
rates duringthe1970—2000 period. Consequently, the populationin these
regions ages faster than the Dutch average. Birth rates have been lowest
inthe Randstad by far, and within this area they were relatively low in
Amsterdam, Rotterdam and The Hague. This development has reinforced
thelagging population growthin these cities. On the other hand net foreign
migration has acted as a counterforce. Most foreign migrants have come to
the Randstad." Birth ratesamong these groups tend to exceed birth rates
of theindigenous population, so that the large cities appear to rejuvenate
nowadays.

Regional employment growth and the Randstad paradox
Itisawide held belief that the Randstad is the ‘engine’ of employment growth
inthe Netherlands. Although the employmentincrease has been largestin
thisareainabsolute terms, figure 1clearly shows that growth rates have been
much largerinthe Intermediate zone. The general tendency in employment
growth canbedescribed as a gradual shift from the three large cities and the
relatively rural southwestand north-eastern parts towards the centre and
south east of the country. Again, we observe a high growth rate in Utrecht (it
doublesthe1970-2000 national growth rate), while growth in the provinces
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9.Anasetal.(1998) document
thelongstanding trend of urban
sprawlintheiroverview of theo-
riesonurban spatial structure.

10. The average commuting dis-
tance hasincreased by about forty
percentfrom1981t01998 (based
onwBoO, housingdemands.
11.Between1972and2002the
Dutch populationhasincreased
from13,3millionto 16,2 million
people. Thenumber of foreign
immigration has exceeded emi-
gration by 1.2 million. Roughly two
thirds of theimmigrants went to
the Randstad.

of Northand South Holland lags well behind. The provinces of Overijssel and
Limburg have done better than the rural and more remote province of
Groningen.

Traditional theories, such as the shift-share analysis, relate employment
growth to the sectoral breakdown of aregion. The larger the share of indus-
tries that prosper nationally, the larger the regional growth predicted in this
approach. However, the sectoral breakdown (share) alone does not appear
tobevery helpfulin explaining differencesin employment growth we ob-
serve, becauseitis ratherhomogeneous overregions.’> Moreover, it favours
the Randstad whereas employment growth was largestin the Intermediate
zone.

Atthe national level, agricultural employment has fallen steadily and many
jobshave beenlostin restructuring of the more traditional manufacturing
industries. Growth has come exclusively from the service sector. One would
expectthe Randstad, having low agricultural and industrial shares and a large
share of servicesin employment, to experience a higher growth rate than
otherregions. Instead, the Randstad area as a whole haslagged well behind
the Intermediate zone, with its less favourable sectoral structure. We would

labelthis finding as the Randstad paradox. It may be resolved by taking account

of other determinants of regional employment growth (so-called shift vari-

ables) The strong correlation between employment and population develop-

ment makes the latter a likely candidate.”3 This would be a firstindication that
jobsfollow people, a conjecture thatisinvestigated more thoroughly in our
econometricanalysis.

Main building blocks of the cPB model
We introduce here the equations for net domestic migration, employment
growth and growth of the housing stock. A brief overview of the model
framework s giveninappendix 1.

Net domestic migration
Netdomestic migration is related to regional housing and labour markets,
region-specificamenities and a few other explanatory variables. More
precisely, we model the ratio of net migration to the lagged population, so
thatthevariable can beinterpreted as regional population growth due to
domestic migration. We consider population and migration in the age group
15—-64 becauseresults canthen beinterpreted in terms of potential labour
supply. On housing and labour markets, the model distinguishes short-
term and equilibrium adjustment effects. Thisisincorporated by including
both growth ratesand lagged levels of employment and the housing stock.
Employmentis spatially weighted in order to account forinterregional com-
muting. Finally, the net migration equation includes region-specific fixed
effectsthat control for heterogeneity such as regional amenities (like natural
scenery or historic city centre). The econometric model then takes the fol-
lowing form:
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12. The18 sector Athenaclas-
sificationwouldinducean
average employment growth
difference between Randstad and
Intermediate Zone between1987
and 2000 of around 0,1% annually.
Inreality the difference has been
0,5% annually. However, further
disaggregating the sectoral break-
down would possibly increaseits
explanatory power.

13. Population may attractemploy-
mentthrough consumer demand
andlaboursupply. Itislikely thata
hostof other factors (land prices,
accesstoinputand outputmar-
kets, economies of agglomera-

tion) play arole as well.
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Equation1
NDM;;
POP,, = C"1+0.8 AHOU,1~0.04 (POP, -~ HOU, ) + 0.03 AEMP, + a4 X 5

where:

NDMi; : netdomestic migration (incoming minus outgoing) in region i
andyeart;

POP;;: : populationintheage group15-64;

HOU,; : numberof housing units;'4

EMP;; : employment (employeesinlabouryears);'s

c/ : region-specific fixed effect;

X : otherexplanatory variables (k=1, ..., K).

Housing markets appearto have alarge effect on domestic migration. A one
percentincreaseinthe regional housing stock almost leads to an equalin-
crease inthe regional population through migration. In addition, thereisa
small long-run response to disequilibrium on housing markets.’® We also
find a negative effect of population density. This may be areflection of the
suburbanization or urban sprawl process that we have described in the
previoussection.

Employment growth hasonly a minor short-term effect on migration.
Inour econometric analysis we have not found asignificantlong-termres-
ponse. Inaddition, we haveincluded the regional value added per workerin
the setof explanatory variables, as anindicator for wages. The effectisvery
small, although statistically significant. This evidence suggests that migra-
tionis mainly determined by the housing supply and not by labour demand.
However, we should bearin mind that only aggregate net migration is
observed. Evenif net migrationis small, a qualitative adjustment of the regio-
nal labour force may still take place.””

Employment growth
Employment equals realised labour demand, and therefore it relates to both
demand and supply side factors. Regional population is a demand side factor
inthe sense thatit exerciseslocal consumer demand. As population poten-
tially supplieslabour, itisasupply side factor at the same time. The variable
is spatially weighted in order to account for interregional commuting. Other
demand side factors we have considered are accessibility, the industry mix
(share) and regional value added per worker. The latter variable may reflect
economies of agglomeration. The employment growth equation includes
region-specific fixed effects that control for unobserved heterogeneity such
asregional comparative advantages (like international accessibility and natu-
ral resources). This leads to the following equation for aggregate regional
employment growth:
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14. Throughoutthis paperwe
adoptthe convention thatlower
casevariable namesindicate that
thelogarithm of the variableis
meant, so HOU; tsignifies the
logarithm of the number of houses
inregioniattimet.

15. The barindicates that this vari-

ableisspatially weighed, in order

to correct for commuting patterns.

16. We measure the deviation
from equilibrium by the ratio of
populationtothe housing stock,
whichis considered to bein equi-
librium whenitequals the national
occupationrate, uptoaregional
constant. The negative sign of this
error correction term makes sure
that migrationissmallerinregions
wherethe populationislarge with
respecttothe housing stock.
17.Itisacommon finding thatin
and out migration are strongly
correlated, so that netmigrationis
small with respectto gross flows
(the Lowry paradox). Thisholds

forourdataaswell.

Equation2

AEMP;,= C5+0.3APOP;—0.09 (EMP;,,— POP, ) + BeY5,

where:
c: : region-specific fixed effect;
Yf, : otherexplanatory variables (k=1, ..., K).

Clearly, population changes have amuch largerimpact on employment
growththanthe other way around. Aten percentincreasein the population
of aregionroughly leadstoathree percentincreasein employmentinthe
shortrun. Moreover, deviations from an equilibrium ratio of population
toemployment are reduced through employment growth by almost ten
per-centyearly.'8 Apparently, adjustment of employment (or capital) plays
amoreimportantroleinequilibrating regional labour markets than migra-
tion.

Amongstthe other explanatory variables, both accessibility and the
industry mix are statistically insignificant.”® This underlines the limitations
of using shift-share analysis to studying regional employment growth in
The Netherlands.?° However, in a sensitivity analysis, the industry mix
appearsto play somerolein peripheral regions, where labour markets have

beenlesstight. We do find a small but positive effect of regional value added

perworker. In contrast, employment density appears to have a significant
negativeimpact. Through thisvariable, the employment response to the
suburbanization of population (a shift to less densely populated areas) may
bereflected.

Although equation 2 showsa model for aggregate regional employment
growth, the cpB regional labour market model distinguishes a number of

industries. We may divide aggregate employmentroughly into industries that
produce for local consumption and industries that produce for (inter) national

markets. Econometricanalysis reveals thatin both sectors thereis a sta-
tistically significant long-run response to deviations from the equilibrium
employment-population ratio, and this response is only slightly stronger

for production of local consumption goods. The long-run response to these

deviations of employment growth inindustries that produce for national
andinternational markets indicates the role of labour marketsin explaining

population-employmentinteraction. Interestingly, the effect of employment

density is found to be significantin the production-for-local-consumption

sector only. This sprawl of employment may mimic the spraw/ of population,
sothatthe effect of consumer markets is picked up here by employment den-

sity instead of population growth.
Inthe disaggregated models for employment growth, the share of each
industry in total regional employmentisincluded. Thelarger this share, the

smallerthe scope foremployment growth, provided thatlabour supply is not
fully elastic. Indeed we find strong negative effects for mostindustries, which

may suggest that regional labour supply does not fully adjust to demand.
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18. Thisratiois considered to be
inequilibriumwhenitequalsthe
national participationrateuptoa
region specific constant.

19. Thevariable accessibility is
generally believedtobeanimpor-
tantdeterminantof employment
growth. However, Rietveld and
Bruinsma (1998) did not find a
significant effects at the regional
level of coroP areaseither.

20. Thisobservationisinline
withoecp (2000), whereitis
concludedthat ‘Onaverage, the
regional componentaccountsfora
larger fraction of the gap between
regional and national employment
changethantheindustry-mix

component’ (p. 49).
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Regional housing supply
Modelling the development of regional housing supply is a difficultissue,
because market forcesas well aslocal and national governments play a sub-
stantial role. Inthe cpB model, exogenous scenarios for the development of
theregional housing stock can be used. As housing supply arguably responds
toregional population and employment changes,?' we have alsoincluded an
‘optional’ endogenous equation. This equation distinguishes shortand long-
run effects similar to the net migration and employment growth equations. It
alsoincludes fixed effects that control for regional heterogeneity. It takes the
following form:

Equation3
AHOU, = C'+0.02A POP;—0.03 (HOU, i— EMP; ;) + J/ka/,t

where:
c? : region-specific fixed effect;
Z5 : otherexplanatory variables (k=1, ..., K).

We observe thathousing supply accommodates population growth to a minor
extent, and thatthereisasmall long-run response to regional labour markets.
Fewerhousesarebuiltinregions where employmentis small relative to the
housing stock. Among the otherexplanatoryvariablestt, housing density
hasanegativeimpactthatreflectsa preference for space. However, the coef-
ficientsin this equation are small. This may indicate that development of the
regional housing stock has been rather exogenous to changesin regional
populationand employment, or that through migration, regional population
has adjusted to housing supply rather than the other way around.??

Commuting
Instead of domestic migration, commuting may be animportant channel of
spatial adjustment of labour supply. Inthe behavioural equations 1-3 we have
dealtwith commuting by spatially weighting regional population and
employment. In equation1for example, net migration to region i (say
Flevoland) may beinduced by employment growth in a neighbouring region
(Amsterdam). The weight matrices have been estimated on interregional
commuting data. They reveal that the spatial scope of commuting as an adjust-
ment mechanism is quite small, in the sense that there are limits to the dis-
tances peopleare prepared to bridge from home to work.

Demographics
Laboursupplyisanimportantdeterminantof regional labour market devel-
opments, so demographicfactors play an essential rolein the cp8 model.
Laboursupplyis affected by size, age and gender composition of the regional
population, since participation rates differ strongly among genderand age
groups. Although one component of regional population change (net domes-
tic migration) is endogenous in our model, we prefer to enter the other com-
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21.Property developerswill pre-
fertobuild new housesinareas
with sufficient people andjobs
around. Spatial policy may be
affected by the samevariables.
22. Thisfinding may reflectoverall
housing markettightness, argu-

ably related to restrictive policy.

ponents (natural increase and net foreign migration) by means of exogenous
scenarios.?3 Differencesin birth and death ratesamong regions may fora
large part be culturally determined, which is beyond the scope of our regional
labour market research. Foreign migration is difficult to model because of
heterogeneity. Migration flows over the years have differed with respect to
migration motive, labour skills, country of origin, household composition
and agesstructure. Therefore, the long-term spatial scenarios for the Welfare
and Physical Surroundings study are generated in cooperation with amore
detailed regional demographic model provided by ABF Research.?4

Regional labour accounts
Outputofthe cps model are projections of consistent regional labour
accounts. Theseare obtained by extending the behavioural equations 1-3
with a number of definitional identities and calculation rules. The net domes-
ticmigration equation 1together with exogenous scenarios for natural
populationincrease and foreign migrationyield regional population, dis-
tinguishing genderand a number of age groups. Regional population aged
between 15and 65 equals the potential labour force. The regional labour force
iscomputed using national gender and age-specific participation rates.?>
Regional employment, distinguishinga number of sectors, is derived from the
employmentequation 2. A simple commuting model translates employment
andlabour force into working labour force for each region 2 With all these
quantities known regional unemployment follows from definitions.

Generating regional scenarios
The cpe model produces projections of regional population and employment
thatareinputtothe forthcoming study Welfare and Physical Surroundings.
In this study, four scenarios are presented with atime horizon of 2040. This
section discusses some issues concerning scenario construction with our
model.

Inputs
The cpB regional labour market modelis atop-down model, in the sense that
national developments are taken to be exogenous. The underlying assump-
tionisthatthe spatial distribution of population and employmentis notan
important determinant of national growth rates.?’ All labour marketand
demographicvariablesare modelled in deviation of their national values,
so that consistency with national developments is maintained. Therefore,
importantinputto the regional scenarios are national scenarios for demog-
raphy, employmentand other labour marketvariables.

Aswe have discussed in the previous section, the model uses exogenous
scenarios for net foreign migration and natural populationincrease. These
scenarios are constructed with a more detailed regional demographic
model.28 Although this variable may be projected endogenously, scenarios
forregional housing supply can be entered into the model as well.
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23.Asarough estimate, they can
be generated endogenously inthe
cpB model by meansof some sim-
plecalculationrules.

24.SeeasF Research (2002) for
anoverview of their model.

25. Weallow for regional devi-
ationsin participation, butitis
assumed thatthese differencesin
mostscenarios will decreaseinthe
longrun.

26. The commuting modelis
designedinsuchaway, that
incoming commuting flows always
sumto fixed regional employment.
A commuting flowisassumed to
belargerwhenthelabour force
intheregion of originislarger
anditdecreases with distance.
SeeVermeulen (2003) foramore
detailed description.

27. The models for the natio-
naleconomy suchasATHENA
(cPB,1990) seem more appropri-
ate forlongtermanalysis of these
variables.
28.Runsofthecprsandregional
demographic model (by ABF
Research) havetobeiteratedin
order to get consistentscenarios,
because the offspring of domestic
migrantsisnotaccounted forinthe

cpB model.
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Adjustment to regional labour and housing market equilibria
Giventhelong-term scope of the spatial scenarios, the dynamic behaviour of
theregional labour market modelis of particular interest. The main equations
of this model distinguish short-term and equilibrium adjustment effects.
Thereisacorrecting response to disequilibrium on regional labour and hous-
ing markets. This property of the model is crucial to long-run projections,
sinceitguarantees thatregional employment, population and housing stock
grow inline with each other. Excess populationin aregion will be counter-
balanced by employment growth. A shortagein housing supply with respect
to population will be offset by migration in the long run. Furthermore, natio-
naltrends such asagradualriseinlabour participationand afall in average
household size are accounted for in the regional equilibrium definitions.

Regional heterogeneity
Regional constants, or fixed effects, areincluded in the equations1—3in order
to control for unobserved regional heterogeneity. Computed asan aver-
ageresidual, these effects may include regional amenities in the migration
equation and comparative advantages in the employment growth equation.
Introducing fixed effects variablesin an econometric model leads to more
reliable estimates of coefficients, buttheir rolein long-run projections s
less obvious.?9 We have rewritten the equations, so that the fixed effects
arereplaced by the means of the dependent variables over1970-2000, and
the explanatory variables are demeaned over the same time period. Though
formally equivalent, the model can be interpreted more easily in this way.
Dependentvariables are now equal to their1970-2000 time averages, to
the extent that explanatory variables do not deviate from their averages. For
example, netdomestic migration to Flevoland will remain large until growth
of the housing stock here reduces significantly. Employment growthin the
Intermediate zone will remain large, unless population growth shifts to other
areas. Note thatin thisapproach westill correct for unobserved regional
heterogeneity.

Differentiation of scenarios
Differentiation in population and employment projections for different
long-runscenarios can be obtained ina number of ways. Firstly, differenti-
ation enters through exogenous national trends in population, employment,
thelabour participation rate and the housing stock. Secondly, differentiation
can be broughtin through the inputscenarios (regional differentiation).
Forexample, one can think of different scenarios for regional birth rates
and life expectancy, or different foreign migration scenarios. Finally, the
elasticitiesin the model can be varied between scenarios. For example, we
may expect thatemployment growth responds more strongly to labour sup-
plyinahigh-economic-growth scenario, where national labour markets are
tight.3°

Scenarios for regional housing supply seem anideal candidate to differen-
tiatelong-run population-employment scenarios. Regional housing supply
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29. Thereasonisthatreflecting
unobserved heterogeneity, these
regional constants are difficult to
interpret. In addition, fixed effects
correctforthe average effect of
explanatory variables, so thatthey
areno absolute measures of regio-
nal attractiveness butdepend on
the model specification.
30.Sinceemploymentgrowthin
the model responds to deviations
from national developments, this
relationshipis notendogenous.
Ascope foradjustmentof the
model elasticities was obtained

by estimating the migrationand
employment growth equations
separately for core and periphery
of The Netherlands, and for up-
and downswings of the (national)
business cycle. We found some
small butsignificant parameter
deviationsthatconfirm our expec-

tation.

appearstorespond hardly to regional population and employment develop-
ments, butithasalargeimpacton domestic migration. In other words, the
variableis rather exogenous butit has the capability to create substantial
scenario differentiation. However, one should be careful nottoinclude any
specificregional policy in the scenarios beforehand, because policy makers
should be able totesttheir options against the background of different scena-
rios.

Conclusions
Simultaneousinteraction of regional population and employment has been
the point of departurein creatingthe cp8 regional labour market model. An
exploration of regional population and employment data for the past three
decadesrevealed ashiftout of the three largest cities of the Netherlands
towards the centre of the country. Urban sprawl, housing markets and
regional variationin birth rateslargely explained the population shift. The
sector structure did not provide much explanation for different regional
employment growth rates, becauseit hardly varied over regions. Moreover,
itfavoured the Randstad whereas employment growth was largestin the
Intermediate zone. In contrast, regional employment growth appeared to
bestrongly correlated to population growth. Together, these observations
tend tosuggest thatemploymenthas adjusted to the regional development of
population much stronger than the other way around.

Itisadistinctive strength of the cp8 model thatits main equations, for net
domestic migration and employment growth, have been simultaneously
estimated on an extensive dataset. This econometric analysis confirmed that
employment growth respondsto changesinthe regional population, but
growth of the regional populationis hardly affected by employment growth
inturn. Inamodel for netdomestic migration, growth of the regional housing
stock appearedto play adominantrole instead.

Some critical remarks arein place, however. The econometric analysis was
performed on highly aggregate data. Low net migration rates may very well
have hidden qualitative adjustment of the labour force. Similarly, the beha-
viour of firms may be rather heterogeneous, even within the industry they
belongto. Adisadvantage of our large period of observation was thatonly a
limited number of explanatory variables could be considered. Data on land
and housing prices, wages or the level of education of the labour force would
have enriched ourinvestigations substantially, although fixed effects estima-
tionreduces therisk of omitted variables biases. Finally we remark that least
squares estimation always produces average effects, whereas the real world
is characterised by spatial and temporal heterogeneity. Our analysis appears
to fitwell the shift of population and employment from the large cities to the
Intermediate zone, butitdoes not necessarily hold in each region for each
time period.

Bearingin mind these caveats, our finding thatjobs follow people may be
understood in two ways. The demand for consumption goods and services
increases more or less proportionally with the regional population.

The cprs Regional Labour Market Model. Atool for long-term scenario construction 56 =

57



Asubstantial part of these goods and services, like health care, retail or local
governments for example, are produced locally. Firms are thus attracted to
consumer demand of growing regions. In addition to consumer markets, they
may also be attracted by labour markets, because a population increase entails
alarger potential labour force. In line with this explanation, we found a sig-
nificant effect of population on employment growth inindustries thatdo not
produce for local consumption. This would suggest that spatial adjustment
onlabour markets occurs through movement of capital rather than through
domestic migration.

Embedding population and employment projectionsin consistent regional
labouraccounts, the cpe modelisauseful tool for the construction of long-
runscenarios, such as will be presented in the forthcoming study Welfare and
Physical Surroundings. The response of migration and employment growth
to deviations from regional labour and housing market equilibria makes sure
thatlong-run projections are stable. We incorporate fixed effectsin the pro-
jections, sothatunobserved regional heterogeneity is accounted for and they
can be considered morereliable. A sensitivity analysis has marked the scope
forsuch adjusting model elasticities to different scenarios.

Althoughinterregional commutingis endogenousinthe model, one should
be careful withinterpretingits long-run projections atthe coror level.
Giventhe steady increase of average commuting distance, housing and labour
markets become larger and these regional borders will be more and more
arbitrary overtime. Instead, modelling regional population and employment
atthis spatial level of aggregation will allow us to flexibly define a Randstad
area, an Intermediate zoneand a Periphery. It makes more sense to interpret
thelong-run projections generated by the cpB model for these areas.

Our research has highlighted the dominance of housing supply in the spatial
distribution of population and economicactivity. Understanding of regional
housing markets, and determinants of housing supply in particular, is thus of
key importance to policy makers who are concerned with either spatial plan-
ning of residential and business estate areas, or large infrastructural projects.
Theinterplay of governmentinstitutions and private initiatives makes model-
ling housing supply a highly nontrivial issue, which putsa challenge to cps
andregional scientists alike.
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APPENDIX 1: BRIEF OVERVIEW OF THE MODEL FRAMEWORK

In this appendix we give a brief overview of the model structure. Demo-
graphicvariables like population and migration are divided in genderiand age
groups,. Thisis necessary because labour participation rates vary consider-
ablyamongthese groups. Labour marketvariables, like employment, com-
muting and unemployment are not broken down.

The core of the modelis formed by aset of three behavioural equations for:
1. NDM netdomestic migration (equation1, main text)
2. EMP employment (equation 2, main text)
3. HOU housingstock (equation 3, main text)

Besides we use simple calculation rules for:
4. PI incoming commuting
5. PU outgoing commuting
6. Iy labour participation rate (gender, age)

Othervariablesare kept exogenous, but canalso be calculated by asimple
calculationrule:

7. EI;  foreigninmigration (gender, age)

8. EU; foreignoutmigration (gender, age)

9. NAj; natural populationincrease (gender, age)

We have the additional equations:
10. NDMj; netdomestic migrationij =simpledistributionrules
1. POP total population =POP;
12. LF total labour force =LF;

Finally, the modelis then closed by 3 definition equations :
13.  APOP; population (gender,age) =NDM;;+ El;—EU;
14. LF;  labourforce(gender, age) =/f;* POP;
15. BW  unemployment =LF-EMP-PU+PI

Notethatin the model national values forall variables are exogenous. A
spreader for each variable guarantees consistency with these national values.

The cprs Regional Labour Market Model. Atool for long-term scenario construction
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APPENDIX 2 : DATA SOURCES

Since 1970 Statistics Netherlands has produced regional sectoral data for
cororregions (Eurostat NUTS3 level), which are consistent with natio-
nalemploymentand productioninthe National Accounts.3" In these data,
employmentis measuredinlabouryearsforemployeesonly. Atcps, the
sectoral employment dataare converted to employmentin persons. Also.
regional employmentfor self employed has been estimated separately, both
inlabouryearsandin persons.

Population dataand data on migration flows are based on Municipality
Administrations (GBA). Municipalities can easily be added up to coroP
regions. The migration data include gross domestic flows between regions
and foreign migration flows, distinguishing2 genderand 7 age groups.
Consequently, natural populationincrease can be obtained asaresidual.

Dataonthelabourforce, on commutingand on unemploymentare based
onthe Labour Force Survey (EBB) from Statistics Netherlands. Thissurvey
hasbeenheld annually since the early nineties. The survey is notautomati-
cally consistent with either National Accountsor GBA. Atcps regional labour
forceand unemploymentas well as commuting flows and unemployment are
revised to construct consistent regional labour accounts.

Finally, dataonthe housing stock are produced at Statistics Netherlands,
they have been kindly provided to us by ABF Research.

All data used for our analysis can be obtained upon request.
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31. Theregional classification
datesfromearly1970and has
undergoneonly afew minor revi-
sions. The Netherlandsare divided
in40NUTS3 regions, which can
beadded uptothe12Dutch pro-

vinces.

APPENDIX 3 : NUTS 3 CLASSIFICATION OF THE NETHERLANDS

21
22
23
24
25
26
27
28
29
30

Randstad

Utrecht

North of North Holland
Alkmaar & surroundings
IJmond

Haarlem agglomeration
Zaanstreek

Greater Amsterdam
Gooi & Vechtstreek
Leiden & Bollenstreek
TheHagueagglom.
Delft & Westland

East South Holland
Greater Rijnmond

SoutheastS. Holland

Intermediate Zone
Veluwe

Achterhoek
Arnhem/Nijmegen
Southwest Gelderland
West North Brabant
Middle North Brabant
Northeast North Brabant
Southeast North Brabant

Flevoland

Periphery

East Groningen
Delfzijl & surroundings
Other Groningen
North Friesland
Southwest Friesland
Southeast Friesland
North Drenthe
Southeast Drenthe
Southwest Drenthe
North Overijssel
Southwest Overijssel

Twente
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Zeeuws Vlaanderen
Other Zeeland
North Limburg
Middle Limburg
South Limburg
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RAEM: REGIONAL APPLIED GENERAL EQUILIBRIUM MODEL FOR
THE NETHERLANDS
Mark Thissen

Introduction
Atthe beginning of the 21st century TN O, the University of Groningen and
the Free University of Amsterdam embarked on ajoint project to develop a
multi-sector regional applied general equilibrium model for the Netherlands
(RAEM). Following two years of development the model is now finished and
can beused for policy analysis.

RAEM is based on monopolisticcompetition and emphasises spatial agglo-
meration, dispersion, spatial networks and marketimperfectionsalong the
lines discussedinthe Introduction to the book. The model is especially equip-
pedto evaluate policy ontransportinfrastructure, although it can easily be
extended to analyse the economic effects of other policies. It determines the
overall effects of different policy measures and takes indirect effectsinto
accountin detail.

Since September112001fear of terrorist attacks on transportinfrastruc-
ture hasincreased. The attacks ontrainsin Madrid in March 2004 emphasize
the focus of terrorists ontransport. Threats have been made against the
Holland Tunnelinthe United States and several tunnelsin the Netherlands:
the Beneluxtunnelin Rotterdam, forinstance, hasseenincreased police
surveillance on several occasions. Although the terrorists’ objective may be
toachieve the maximum number of casualties, attacks of this kind have direct
andindirect economic effects.

The additional costs of transportand commuting due to such attacks invol-
venotonly thedirecteffect of adamaged transportinfrastructure butalso
those of increased security measures, which can be substantial and should
therefore be taken into account. The major changesin the whole organiza-
tionand security of us air travel have resultedin large increases in the cost to
travellers (in terms of both travel time and money), and these additional costs
have economiceffects.

Asafirstcaseto presentthe RAEM model we determine the economic
effects of such an attack, focusing solely on those due to the spatial distur-
banceintroduced by the attack and abstracting from the direct damage due to
the explosion, casualties and possible psychological damage." We also assume
atthe outsetthatthetransportlink will not be rebuilt, as the cost of rebuilding
and the temporary spatial distortion are likely to be smaller than the long-term
effects of notrebuilding, which are factoredin here. The analysisis therefore
only forillustrative purposes. The link chosenin the experimentis the Van
Brienenoord bridge in Rotterdam: unlike with a bridge, it is difficult to ima-
ginean attack that could resultin permanentdamagetoatunnel.

RAEM: Regional Applied general Equilibrium Model for the Netherlands

1. Wefollow the methodology
described in Thissen(2004b).




The model
The model fits in with the new economic geography theory (NEG) as
describedinthe Introduction to the book and builds on models developed
by Venables (1996) and Oosterhaven etal. (2001). Markets operate under
conditions of monopolistic competition, with perfect competition as a special
case. The choice between monopolisticand perfect competition is based on
dataon productionandtradeinthe Netherlandsandis not made a priori. The
estimated degree of competition on the different product markets deter-
minesthe agglomeration strength of the respective sectors, in other words
the degree to which a particular sector benefits from having other firmsin
its neighbourhood. The equations referred to in the text below are givenin
Appendix 1.

Although most recent models used in policy analysis resortto simplifying
the theoretical models to make them analytically tractable (see Baldwin et
al.2003foran overview), RAEM does not use these empirical shortcuts and
isthereforeatheoretically sound and complete model, builtin the tradition
of general equilibrium models. The main reason for not using simplifications
thatwould simplify the development of the model and analysis using itis the
effectthatthese could have on policy evaluation.

The modelidentifies all five spatial interactions characteristicof NEG
models, as discussed in the Introduction to the book. Trade costs, commuting
costs and the regional availability of land and housing determine the relative
strength of these forces and thus the economic shape of the country.

Figure1givesan overview of the model from the perspective of infrastruc-
ture projects. Inthe figure, changesin transport costs trickle down through
the economy, affecting regional (as well as national) economic development.
Transport costs affect the labour market viacommuting and the possibility
of migration (the housing effect and cost-of-living effect), they affect prices
directly and affectlogistical costs and labour costs (e.g. with respect to sales-
men) thatinfluence the production process. Theinteraction between regio-
nal labour supply and demand and wages results in both national and regional
changesinvacanciesand unemployment. Changesin regional production
affectintermediate demand, consumption and variety through the variety
effect, the market-access effectand the market-crowding effect. This, then,
isabrief description of the main effects operatingin RAEM.

General structure of the model
The model uses a multi-sector approach, identifying fourteen sectorsin the
standard sB1'93 classification. In line with the theoretical frameworkin the
NEG literature, anumber of varieties are produced in each sector identified.
Allthesevarieties areimperfect substitutes. The model identifies 40 regions
inthe Dutch corop classification. Transport costs link the regional goods
markets.

Ansubstantial proportion of the indirect effects of transportinfrastructure
ontheregional economy occur through agglomeration effects. If afirmisable
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Figure1. Theeffectof infrastructure projectsinRAEM
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tochoose between several varieties of imports, it can increase productivity
by havingamore roundabout production process. Atthe same time the utility
to consumersincreases if they have more variety to choose from, producing
strongagglomeration effectsin regions. If products become more expensive
owingtoincreased transport costs, access to variety decreases: thus produc-
tivity declines exponentially with a declinein the scale of operating.

The labour market is based on the Pissarides (2000) approach, incorpo-
rating search theory. The unemployed search forjobsin the various regions
with atypical search intensity, while firms look foremployees and seta num-
ber of vacancies. Given the probability of a match, an unemployed person
ishired. Inthelong run, equilibrium labour supply is such that utility is equal
forworkersamong regions, taking local differences such asthosein house
pricesintoaccount. The medium-term version of the model limits migration
between regions and therefore leaves open the possibility of regional utility
differences.

Production and agglomeration
Monopolistic competition is modelled using a nested production function, as
in Venables (1996). The firststep is to determine what the sectoral demand
for goods will be, using a standard Cobb-Douglas production function (7).
The second step isto specify regional demand, using a standard Dixit-Stiglitz
ces approach (4).
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Asregardsregional demand for goods, itis assumed that the intermediate
market operates under conditions of monopolistic competition where the
products from different suppliersinthe various regions are not perfect sub-
stitutes, based on astandard Dixit-Stiglitzregional ces aggregation

o
o-1 | o1

Q= ;”/QT'

where n;isthe number of varietiesin region i, Qjare the intermediate delive-
ries fromregionitoregionj, and ois the elasticity of substitution between
varieties. Sectorindices are omitted.

Increased diversity of inputs allows producers to use a more ‘roundabout’
production process and lowers unit costs at given input prices, inherent to this
CES aggregation. This equation allows for agglomeration effects on product
marketsin NEG models with vertical linkages.

The standard result with monopolistic competition equilibriumis that the
number of varieties equals the nominal production divided by the fixed costs
times the substitution elasticity. The substitution elasticity between varieties
therefore determines the number of varieties produced in each region, and it
isthe parameter that determines the strength of agglomeration effects.

Utility and consumption
Although consumption is sometimes modelled analogously to production,
itis not considered particularly realistic to have constant nominal sharesin
consumption. We have therefore opted for the LEs (Linear Expenditure
System) as a more realistic uppertier (6). The lower tier of our Utility function
isanaloguetothe ces function above discussed. Total income in aregionis (7)
spententirely on consumption, of course. The allocation of income to goods
by sectoris determined by consumer preferences, which are based on the
Stone-Geary utility function (14).

Thus love of variety is also assumed. Owing to lack of data, regional sub-
stitution elasticity is assumed to be equal for both consumption and interme-
diate products. The regional spatial demand function (7) and the consumer
price of the basket of goods aggregated over the regions (4) is therefore equal
for both intermediate demand and consumption.

The labour market
Theregional labour marketis based on Pissarides’ (2000) search theory,
whereby the unemployed search for jobsin the various regions with a region-
specificsearchintensity, while firmslook for employees and seta number of
vacancies based on the cost of avacancy and the expected gain from and pro-
bability of findingan employee (12). The labour market is closed by this con-
dition, which meansthatthe return to avacancy equals the cost of avacancy.
Giventhe probability of a match, an unemployed personis hired. This search
behaviour determines the resulting commuting matrix (9).

Ashortor medium-term version of the model sets limits on migration be-
tween regions and leaves open the possibility of regional utility differences.
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Inthe shortterm we may be satisfied with a model without migration, butin
thelongrunthisisinappropriate, asitimplies permanent utility differences
among regions. If we take amenities such as environmental factorsand house
pricesintoaccount, we would expectlabour to migrate towards regions with
ahigherutility level. In the final equilibrium, the labour supply is such that util-
ity is equal for workersamong regions, taking local differences such as those
inhouse pricesinto account.

In the equation (13) we postulate that the utility of aworker in aregion is
amultiplicative function of the utility derived from consumption and that
derived from livinginaregion (housing and living environment factors). The
utility of amenities is based on the amount of housing availablein a region (the
number of workers divided by the exogenous housing stock) and region-
specific quality factors of the available housing. Housing can be safely as-
sumed to bea’normal’ good, in other words we assume that there are de-
creasing returns to housing. We use the most straightforward decreasing
returns function, the logarithmic function (15). Inthe long run, equilibrium
utility is equal between the regions. The model only determines the relative
utility level: in other words, the national utility level has to be set for the base
solution.

Transport

Our model identifies three types of transport costs, the cost of commuting (as
describedinthe section onthe labour market), the transport cost (of trans-
porting goods from the factory to the shop), and the shopping cost, which
comprises the search cost of finding the best variety and the cost of bringing
the goods home from the shop, or bringing the consumer to the place of
consumption. Most models based on monopolistic competition consider the
transport of goods from the factory to the shop. While shopping costs may be
negligibleinthe case of a lot of industrial goods, they are definitely not negli-
gibleinthe case of services, however: for example a hairdresser’s with low
transport costsand high shopping costs. All three types of transport cost are
exogenous to the model and are determined using different models (Smart
and Smart-G, TNO).
1lnall previous studies known to us the transport costs of goods are modelled
usingicebergtransport costs, butitis quite easy to show that this produces
results that are misleading and simply wrongina multi-sector context, for the
following two reasons:

Transportis produced with the production function of the good

transported. This clearly gives wrong resultsin service sectors and

mining sectors.

Thetransport costs are a mark-up over the price of the good to the firm

transporting the goods, hence achange in mark-up duetoachange

intransport costs may produce real production effects on the firm

via elasticity of demand. In other words, given the effect of declining

transport costs, the firm’s sectoral production may also decline, owing to

its reduced transport production.

RAEM: Regional Applied General Equilibrium Model for the Netherlands 68+

69



We therefore use a differentapproach to modellingtransport costs. InRAEM,
transport costsare a mark-up over the price in a competitive transport mar-
ket where thereisone price for transport. This priceis setas the numerairin
the model. Thus by setting the mark-up of transport costs over the price, we
immediately setthe real transport production. We can now determine the
total transport used in the model: this equals the total nominal value of trans-
ported goods times the mark-up (17). We also assume that the demand for
transport goods is spread over the country regionally, based on the historical
situation (18), asthere s little empirical evidence of any relationship between
transport production and the location of either transport production or trans-
portconsumption. Transportis produced using a production function compa-
rabletothe othersectorsinthe model.

RAEM distinguishes between shopping costs and transport costs, shopping
coststypically being non-monetary costs,?i.e. they are produced and con-
sumed by the household, not by the transport sector. These shopping costs
affectregional demand for certain goods, however, so they areincludedin
the mark-up over the price of goods with respect to spatial demand, but omit-
ted with respect to material balances.

The government
Therole of the governmentin the modelis merely redistributive. It raises
incometax to pay forunemployment benefit, whichis setata percentage
of theaverage wage inthe Netherlands. Assuming that the government bal-
ancesits budget, we also know the income tax rate (21).

Interpreting the model: the main interactions
The product markets and the labour market are the crucial markets when it
comestotherole of transportinfrastructurein the economy. The product
markets are affected by changesintransportinfrastructureviaregional trade,
and the labour market via workers’ commuting behaviour. The effectsof a
changeintransport costson product markets are along the lines outlinedin
the Introduction to the book. We therefore simply refer the reader there and
continue discussing the effects of the labour marketin RAEM.

Effects on the labour market
Asuddenincreaseintransport costs will have strong repercussions on the
economy viathe regional labour market. Pissarides’ (2000) approach to
modelling the labour market assumes thatthe unemployed search for jobs
inthe various regions with a typical search intensity, while firms look for
employeesand setanumber of vacancies. Given the probability of a match,
anunemployed personis hired. This search behaviour determines the resul-
ting commuting matrix. The modelincorporates unemploymentin different
regions due to mismatch between searchingemployeesand employers. The
labour supply is determined by the long-term equality of the utility of workers
among regions, taking local differences such asthose in house pricesinto
account. This price of space, determined by the housing stock and the number
of peopleinaregion, gives us the equilibrium solution.3
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2. Forthe sake of convenience we
assume thatthe shopping costs
ofthefirmarealsointernal tothe
firm.Inthe case of firms, cf.in par-
ticularthe search costsand travel
costsinvolvedin making business
deals.

4. Thisdeviates fromthe standard
Krugman (1980) monopolistic
competition model, where there

are many possible equilibriums.

Figure 2. Effectsof changesintransportcostsonlabour markets
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How anincreaseintransportcosts duetoaterroristattack affects the eco-
nomy is graphically depictedin Figure 2, where product markets are taken

Lowerrelative wage

5.Both flows should be weighted
with the transport coststo com-
ceteris paribus. Transport costs affect the economy by influencing economic muters
behaviour with regard to migration and commuting.
Aterroristattack ontransportinfrastructure ina particular region will
causeariseinall thetransport coststo that region, inducing some people to
stop looking forjobsin thatregion and thus reducing the local labour supply.
This will cause adeclinein theregion’s production, leadinginturnto lower
productivity through agglomeration effects and reducing the relative wage
level there. The lower relative wage level causes emigration out of the
region, reducing the supply of labour even more.
The opposite effect can also occur, however: people living in the region
wheretheterroristattack took place will stop looking for jobs outside it as
transport costsincrease. Whether the local supply of labour will increase or
decrease depends on the relative flow of incoming commuter traffic (into the
region) vis-a-vis outgoing commuter traffic (out of the region).4
Highertransport costs will also have an effect on migration, hence on the
labour marketand theregional economy. Here too, however, what direction
the effect will take is not clear beforehand. Two opposite effects can occur,
depending on the size (or economic mass) of the region. If we arein the
middle of a conurbation with strongeconomic activity we can expect people
tomigrate there because the higher transport costs make commuting to it
less attractive. If we have a region with little economic activity we can expect
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people to migrate out of it because commuting costs increase for people
there. Figure 2assumes that the effect of immigration into the region is domi-
nant. Again the effectis heightened by increasesin production and associated
scaleand scope effects.

Applications
RAEM hasbeen usedtoansweranumber of policy questions since 2000,
analysing the effects of: anew rail link between the Randstad areaand the
North of the Netherlands; arail link between the main conurbationsin the
RandstadS; areduction inthrough traffic; ¢ speed limits on trunk roads around
Rotterdam; and road pricing.

Inaddition to these actual applications during the past few years, the model
hasabroad spectrum of potential research questions thatitcan answer. It can
be used for bothimpactand forecastanalysis. [t cannot be used to determine a
time path towards along-term equilibrium, however, asitis based on compar-
ative statics.”

RAEM isamultipurpose modelthat can be used (with some adjustments) to
answer many regional policy questions. Two types of analysis, impact analysis
and prognosis, are possible. The model can be used not only to analyse the
future spatial economic effects of policy measures and investment decisions
butalsoto give a prognosis of the spatial distribution of future economic
growth (scenario analysis). Table1gives an overview of the different policy
measuresthat can be analysed using RAEM (the listis not exhaustive, how-
ever).

Many types of impact analysis can be carried out using the model. [t was
developedtoanalyse the effects of both pointand lineinfrastructure, butit
canalsobeused forother policy measures, for example changesin the railway
timetable, road pricing or different plans for the spatial distribution of hous-
ing.

In addition toimpact analysis, the model can be used to forecast spatial
economicdevelopmentin the Netherlands. Itis not particularly well equip-
pedforshort-term scenarios, having been specially designed to deal with
long-term spatial economic scenarios. It can be used to regionalize the cpB’s
macro-economic forecasting, infrastructure scenarios (NVVP) or scenarios
fortheregional distribution of housing. It can also be used to estimate trade
flows between regions, e.g. aggregated IO tables, as well as forecasting the
economic outcomes of different scenarios, as already mentioned.

Casesstudy
Inthis case study we analyse the economic effects of a terrorist attack result-
inginanincreaseintransportcosts. These costs canincreaseasaresult of
damagetoand/or reorganization of infrastructure. Hence not only a direct
attack ontransportinfrastructure, such asthe attack in Madridin 2004, but
alsothe New York attackin2001induced asignificantrise in transport costs,
owingtothe security measures thathad to be taken. The hypothesis is that
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5.ltshould be noted thatan earlier
version of the model was used for
thefirsttwo projects.

6. The model was evaluated as
goodinasecondopinionbyseo
foraprojectontheeffectof redu-
cingthrough traffic.

7. Policy-makers naturally prefera
time path towards the final equili-
brium, but this, unfortunately, isa
hazardous theoretical path foran

economic modeller.

Table1. Possible applicationsof RAEM

IMPACT

Effects of changesingeneralized transport costsdueto:
Infrastructure link: road, river, rail, passengers, freight
Timetables: passengers, freight

Infrastructure node: capacity

Infrastructure node: capacity

Road pricing

PROGNOSIS

Spatial economicdevelopmentscenarios:
Regionalization of national scenarios (cpB and NV VP)
Estimating 1O tables

Spatial planning: spatial allocation of housing

Spatial welfare: social security

thechangesintransportcostsduetoaterrorist attack are significantand have
significant negative economic effects. Asimulation analysis was carried out to
estimate the magnitude of the economic effect of a possible terroristattack on
the Van Brienenoord bridgein the Netherlands. RAEM was used to estimate
these economiceffects. Using RAEM has the advantage of not overestimating
effectsaslinear IO models do, it can also take agglomeration effects and non-
perfectcompetitionintoaccount, anditis strongly based ontherecenttheory
of the New Economic Geography.

Analysing the economic effects of a terrorist attack on transport infrastructure
Itwould seem that we know the maximum effect beforehand: thisis simply
the costof rebuilding the destroyed infrastructure and the temporary effect
of misallocation of resources during the period that the infrastructure remains
damaged. The economic costs may be much higher, however, if transport
costs rise permanently, owing to increased security measures and reorganiza-
tion of the transport system.

Another possibility is not to rebuild the damaged transport link. This would
bethebestoptionif the economic costof nothaving the link were to be less
than the cost of repairingit. In this case, asin the case of a general increase in
costsas described above, a more extensive study of the economic effects of a
terroristattack ontransportinfrastructure is needed.

Transport costs Figure 1showed how changesin transport costs due to ter-
roristattacks oninfrastructure can affectthe economy. Changesin these
costs directly affect consumption and production decisions via their effect on
prices, while atthe same time having strong effects on the labour market via
commuting and migration behaviour.
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Theaggregation of the RAEM model that captures the effects mentioned 8.Owingtothefactthatanytrans-

aboveistoo high, however, to estimate transport costs including the com- formation of the utility function
pletetransportinfrastructure and logistics network. We therefore need willresultinthe same optimization
two models: atransport model thatuses trade flows as aninput to estimate result.

transport costs given theinfrastructure, andan RAEM model to estimatetrade 9. Only fourof the fourteen sec-
flowsand production levels given transport costs. The transport model used torsare discussed here because of
was Smart (TNO). Figure 3 graphically depicts the interaction between the the limited space available in this
two models. publication.

Overall economic effects of a terrorist attack on transportinfrastructure The
overall effect of aterrorist attack on welfare and production will be nega-
tive, asadeterioration in the infrastructure leads always to lower economic
growth. The precise magnitude of the regional effects on both the product
and labour markets, however, depends on the size (in economic terms) of
theregion where the attack takes place. The region’s function—as eithera
residential area or one with a high level of economicactivity —also plays an
importantrole. Finally, asagglomeration effectsalso play arole, the effects
on production are likely to differ from one sector of the economy to another.
Thefactthat the spatial effects can be oppositeinsignand can occur because
of the empirical situation emphasizes the need foran overall applied spatial
general equilibrium approach to analyse the effects.

The economic effects
To describe the economic effects of aterroristattack on the Van Brienenoord
bridge we first discuss the effectsin the medium toshortterm. These do not
take migrationintoaccountand therefore allow for utility differences among
regions, which are what drives the emigration that will take place in the long-
term model.

Most of theresults are presented as percentage changesin the base value.
Prices, however, are presented as percentage deviations from the average
(here chosen as the denominator). Also, differences in utility are only shown
onacardinal scale, as an ordinal scale is theoretically not corrected.8 All
the figures use the colour blue to denote positive (orincreasing) values and
brown to denote negative (or decreasing) values.

Tounderstand the short-term results obtained from the model we shall now
discussregional and sectoral production and the associated regional labour
demand, asshownin Figures 4 and 5together. The discussion of sectoral pro-
duction effects covers only the four typical sectors of Agriculture, Industry,
Commercial Services and Public Services,? which represent the main effects
thatoccurinregional production. We then go on to discuss the effects on
regional prices to producersand consumers, and the regional welfare effects
thatwillinduce migration among regionsin the long run. Finally we discuss
thelongterm effectsand the overall effects.
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Figure3. Theinteraction betweentransportmodelsand RAEM
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Shortterm effects on production and the labour market As Figures 4and 5
show, the effects are strongestin the regions around the bridge. The Greater
Rotterdam region, where the bridgeis located, however, reacts completely
differently toits disappearance than the regions to the east of the bridge.
The mainreason for thisisthe large internal marketin the Greater Rotterdam
region, the production structurein the various regions, and the relatively
small effectin terms of additional transport costs of the terrorist attack in
Greater Rotterdamitself. These relatively small effectsin Greater Rotterdam
are duetotheshift of traffic that used to transit Rotterdam via the Van
Brienenoord bridge and now uses links to the east, causing increased con-
gestioninthoseareasand leaving the roadsin Rotterdam itself (apart from the
links between the two sides of the river) relatively empty.

Thelargeinternal marketand the relatively smallincreasein transport
costs (especially internally) for the Greater Rotterdam region resultin a
relative competitive advantage in industrial goods. The associated shift from
thelabour-intensive service sector towards the labour-extensive industrial
sectorresultsin anincreasein production (at constant prices) and a reduction
inlabourdemand. The reduced supply of labour (for the whole area around
the bridge) because of fewer ‘in-commuters’ also plays a rolein pushing up
wagesintheregionand thereby reducinglabour demand. The effectson
labour supply and demand add up to adeclinein unemploymentin this area
(seeFigure 6).

The effects are quite differentin the regionsto the east of the bridge: trans-
portand commuting costs rise the most, causing labour supply toincrease
owingto reduced out-migration and reducing these regions’ relative com-
petitiveness. Thelossin relative competitivenessin the service sectoris smal-
lestwith regard to exports'® and largest with regard toimports.” These
regions therefore see a shift out of the industrial sector into the (relatively
labour-intensive) service sector, resultingin an overall declinein production
butanincreaseinlabourdemand.

We are left with the two regions of Delftand The Hague, which need to
be discussed separately, asthey are located next to each other but react com-
pletely differently totheincreasein transport costs. Delft seems to benefit
fromthereductionin the usage of the motorway to Rotterdam and The
Hague, increasing its access to these large economic markets. Industrial pro-
duction thusincreasesin this region, with increased labour demand and redu-
cedunemployment. Theincreasein transport costs to other regions, howev-
er,induces people to demand the relatively unproductive services from their
own region, reducing its overall productivity (this makes Delft different from
Greater Rotterdam). The Hague region is mainly a service economy (includ-
ing the seat of government) with a relatively high percentage of services
exportedto other regions. The reduced demand for the export of services
from The Hagueto other cities due to theincrease in transport costs results in
areductioninservicesector production and a loss of productivity (a negative
agglomeration effect'), inducing both areductionin labour demand and an
increasein unemployment.

A SURVEY OF SPATIAL ECONOMIC PLANNING MODELS IN THE NETHERLANDS

10. Asthechangein competitive-
nessisrelatively smallinthe case
of services such as hairdressing,
which aretypically produced at the
place of consumption.

11. Note that the model does not
include foreign countries, so the
terms ‘imports’ and ‘exports’
apply exclusively to trade between
the Dutch corop regions.

12. ltcould bearguedthatthe
location of governmentis institu-
tionally determined and therefore
notaffected by changesintrans-
portcosts. The model does not
take theseinstitutional effects
intoaccount, soitmay bethatthe
effectson The Hague areslightly

exaggerated.
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Figure 6. Changesintheunemploymentrate
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The otherregions of the Netherlands seem to benefit from theirincreased
competitive advantage only inthe form of a relative increase in their prices,
notanincreasein production. Toalarge extent thisis due to the fact that over-
all productionin the Netherlands is limited by the total supply of labour, while
theincreased demand for transport production and the increased friction on
the labour market because of increased commuting costs leave little room for
anincreasein production.

The changesinunemploymentshownin Figure 6 are expectedto bea
mirror image of the demand for labour. The differences are due to changes
in commuting, hence the regional supply of labour. The Greater Rotterdam
regionisthe mostsurprising here, with the reduced demand for labour more
than offset by the willingness of workers to commute to this region.’

Shortterm effects on prices Markets are cleared by prices and Figures 7and 8,
showing the regional differencesin producerand consumer prices, containa
lot of information on the processes at work to find a new long-term equilibri-
um." The producer prices show the shock thatis administered to the pro-
ducingsectors. The lossintheregions’ competitiveness due to theincreased
transport cost mark-up is almost completely offset by a reductionin producer
pricesasindustries try to defend their share of the market. The large market
of Greater Rotterdam benefits from the decrease in production prices, as
products for the local markets are little affected by rising transport costs. This
is certainly not the case with the regions to the east of Greater Rotterdam,
wheretheshare of thelocal market is relatively small, resultinginasharp
increasein prices for the large amounts of imported goods.

Theimportance of consumer transport costs (consumed and produced by
consumers) also becomes clear, from the difference between producer and
consumer prices. Where consumer transport costs increase (as is the case to
the east of Greater Rotterdam), goods from all regions are affected, so there
isnoregional terms-of-trade loss, though these additional costs show up in
consumer pricesand do affectregional welfare.

Shortterm effects on welfare The regional welfare effects are a combination
ofthechangesinincome earnedintheregions, commuting, employment
and consumer prices. The effects, asshownin Figure 9, are not surprising,
considering our previous discussion of the effects that resultin regional wel-
fare changes. The whole of the Netherlandsis worse off. Only two regions
experience aslightly positive effect, owing to a terms-of-trade effect, but
these effectsare very small. The negative effects are strongest to the east of
Rotterdam, where congestion is greatest and the economy is highly depend-
enton Rotterdam.

Long-term effects Inthe long run the model also takes migration into account.
The effects on prices and production are mitigated mainly by the fact that
people can migrate and escape the adverse effect of the increasein transport
costs. The effects on pricesand the productand labour markets are therefore
similar, though smaller, so these are not shown.
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13. Note thatthisis net commuting.
14.When discussing the figures
itisimportantto bearin mind that
alarge proportion of production
consists of services, notonly indu-
strial goods, and servicesare par-
ticularly likely to be produced and

consumed inthesameregion.

Figure 7. Relative producer price
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The migration flows, as shown in Figure 10, follow a pattern similar to that of
the welfare effects, asset out above. Itis clear, however, thateveryone does
not migrate to the same regions (the two with a positive welfare effect), as
these cannotabsorb such large numbers of people. Instead, people leaving
theworstaffected areas spread out over the rest of the country.

The overall effects Finally we discuss the overall effectand attempt to ans-
wer the question of whether or not the bridge should be rebuilt. Owing to
limitations of space we do not give a fully fledged cost-benefit analysis here;
instead, we confine ourselves to a simple analysis, comparing the cost of the
bridge tothe changein production.’

We have chosen total value added as the best indicator of the additional
‘income earned’ dueto the Van Brienenoord bridge. The overall effect of
itsdestructionisadeclinein total value added of 0.045 percent. This may
look like asmallamount, but it still equates to 190 million eurosin2003. We
estimate the cost of buildinga new Van Brienenoord bridgein 2003 at 350
million euros.’® Given the pay-back time, the best policy would obviously be
torebuilditassoonas possible. This should come as nosurprise, as the infra-
structurearound itisalready available and the large regional economy around
the Greater Rotterdam area has taken shape based on thatinfrastructure.

Discussion of the Effects Producer prices areimportantin explaining the
economic effects of the destruction of the bridge. Competition among the
regions forces firms to offset their loss of competitiveness due to higher
transport costs, which they do by reducing prices. The changein producer
pricesistherefore a mirrorimage of the changein transport costs.

Theareamostaffected lies to the east of the destroyed bridge. Congestion
issevereinthisregion, as thisis where the alternative routes (and bridges)
for commuters between the north and the south of the South-West of the
Netherlands aresituated. Itisinthisarea, therefore, that the negative welfare
effectsare greatest.

Tounderstand the effects on the labour markets we also need to take sec-
toral production and commuting behaviourinto account. Commuting deter-
minestheactual labour supply in each region and the scope for production
there. Itistheregion’s sectoral competitiveness, however, that determines
thelevel of wages paid and the labour demanded. If the comparative advan-
tage of aregion shiftsto labour-intensive industries, then, it can happen (as
we observed) that total regional production declines while labour demand
increases. Thisalso hasan effectonthe unemploymentratesin each region,
which, owing to commuting, are averages of the effects in the neighbouring
regions.

Conclusions
This chapter has discussed a multi-sector applied regional general equilibrium
model forthe Netherlands (RAEM). RAEM emphasises spatial agglomeration,
dispersion, spatial networks and marketimperfections, thereby addressing
spatial economics alongthe lines developedin the new economic geography
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15. Note that we considera‘pure’
production effect, only taking the
effectofthe changesin consumer,
producerand worker behaviour
intoaccount; we do not monetize
othereffectssuchasthevalue of
thetotalincreaseintraveltimein
terms of the value of consumers’
time.

16. We base the cost of rebuilding
the bridge ontheactual cost of
constructing the second half of
itatthe beginningofthe19gos,
about250 million eurosaccording
totheannual reportof the Dutch
Ministry of Transport (M1T1993).
This, however, was only for half of
thebridgeandincluded additional
accessroads. Assuming thatthe
actual cost of the half of the bridge
was 125 million, and allowing for
aninflation rate of 3 percent, we

arrive atotal cost of rebuilding the

bridge of 350 million eurosin2003.

Figureg.Shortterm effectsonchangesinwelfare

T

Figure1o. Changesin population

RAEM: Regional Applied general Equilibrium Model for the Netherlands
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literature. The main theoretical improvementin RAEM is the possibility of
using monopolistic competition to describe market behaviour, instead of per-
fectcompetition withoutendogenous spatial economic processes and inter-
actions. This produces a more realistic view of economic development than
many older spatial economic models. The model is especially equipped to
evaluate policy ontransportinfrastructure, although it can easily be extended
toanalyse the economic effects of other policies. It determines the overall
effects of different policy measures and takes indirect effectsinto accountin
detail.

We presented a case study using the model on the economic effectsof a
possibleterroristattack on the Van Brienenoord bridge in Rotterdam. Not
surprisingly, the conclusionis that we should rebuild the bridge as soon as
possible. The analysis showed that the negative effects are strongestin the
regionsto the east of the bridge. As thisis the area where the alternative rou-
tesfor people usingthe bridge are situated, thisis a plausible result. Tounder-
stand the effects onthe labour market we showed thatitis necessary to take a
closerlook atthe sectoral resultsin each region.
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APPENDIX A: THE MATHEMATICAL RAEM MODEL

Production, income, consumption and spatial demand
Below are the equations describing the Cobb-Douglas production function,
nominal labour demand, nominal demand for intermediate goods, the regio-
nal priceindex, total income, the Linear Expenditure System (LES), spatial
demand and goods market equilibrium.

s Biyr,s

(1) Vis =Aislis I_rIq,-,s,, ; ;/3,-,,,3+ ajs=1,r#transport
(2) Wi,sli,s =QisPisYis

(3)  PleGisr=PBinspisyisi % transport

-0,

d -
(4) Pjr= ZPEj,r1 o ;jr#transport
1

2/1,5 VV/,s
TI=ben Zun; + (1-t) 2f
5 J
! J 2//‘,5
Dir
(6) cr=06,+ /T Tl/—gpjr@,f ; r#transport
Pir
Pl |
ir
(7) d;,j,r= - C//’+§qb$u’
Pi,j,f

(8) Vis= szlt'd}s

Thelabour marketand migration
Here are the equations describing the Beveridge curve, definitions of total
labour supplied and demanded, labour market equilibrium, long-term equi-
librium with respect to utility (clears migration), consumer utility (we use the
LEs thus based on the Stone-Geary utility function), utility of amenities and
the migration adding-up constraint.

(9)  fu=aibjunvy e )
(10) Zfid: Z/s,/

() Zh=o-un
fij

(12)  wy=Zun;
! o;,—un;

(13)  u=uiui
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(14)  u5=2Z¢In(c,—8,); r=transport

Lm,'

(15) ul=1Inlx
Oj

(16) 6=20i

i
Transport
The equations below define total transport costs, the location of transport
production, and the sector price at the destination.
(17)  T=Ztr,pi di;,; r#transport
), r
(18)  y;=&T; r=transport

(19) Plr}',s = (14 trijs + twis) pis

The Government
The government pays unemployment benefitto the unemployed, which is

financed out of income tax. This is described in the following two equations.
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Table 2. Listof Variables

SYMBOL EXPLANATION

Vis Productioninregion iandsector s
lis Labourdemandinregioniandsectors
Qis,r Intermediate demand for sector s goodsin demanding

region i anddemanding sector r

Wis Wagerateinregioniandsectors

Dir Producer price of sector r goodsinregion /

Pj}f Dixit-Stiglitz Sector r priceindexin region r

p,{;r Price atdestination j of asector good r from region i
Cir Consumption of sector goods rinregion s

TI; Totalincomeinregion j

d,{j,f Tradeinsector r goodsfromregion i toregion j
f,',j Commuting matrix from region i to region j

un; Unemployedinregion i

% Vacanciesinregion j

0; Laboursupplyinlivingregion i

0 Exogenoustotal laboursupply

u Utility

U/C' Utility derived from consumptioninregion j

U,'/ Utility derived from amenities (including housing

price)inregion

T Total transport production and nominal demand
ben National unemployment benefit
t Incometaxrate

Table 3. List of Parameters
SYMBOL

Ajsand s and fBis

6, and ¢,

@yand 1
Lm;

K

G

Os

trijs

twis

tpij

EXPLANATION

Cobb-Douglasscaleand shareinregion i andsector s

LEs floorlevel of consumptionand marginal budgetshare

inregioniandsectorr

Constantand sensitivity parameter for commuting
Housing stock indicatorin region /

Regional amenities factor

Spatial distribution of transport production
Substitution elasticity in sector s
Transportcostmark-up of asectorsgood producedin i
and consumedin j

Shopping cost mark-up of asectorsgood producedin i
and consumedin j

Commuting costs from region / to region j

RAEM: Regional Applied general Equilibrium Model for the Netherlands
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MOBILEC
Florisvande Vooren

Introduction
moBiLeC (MOBILity/Economy)isadynamic, interregional model that spe-
cifies the relationships between the economy, mobility, infrastructure and
otherregional characteristics. [taims to provide long-term forecasting in the
form of scenario analysis and estimate the effects of transport policy and spa-
tial planning on the economy and mobility.

Itisabletoindicate the consequences of different socio-economic envi-
ronments for the development of transport and the economy. This scenario
analysisis realized by assigning values to the exogenous environment vari-
ablesinthe model, e.g. technological development, the regional structure
of production and the degree of urbanization. The dynamic character of the
model enablestime pathsfortransportand economicvariablesto be genera-
ted forregionsand for the country asawhole.

Starting outfrom a particular socio-economic environment, the model
can estimate the regional and national effects of transport policy on transport
and the economy, e.q. infrastructure expansion, rises in mobility tariffs and
the promotion of publictransport. Being dynamic, itisable to show how the
effectsontransportand the economy develop overtime. The regional effects
of transport policy can be applied in spatial planning.

The main feature of the model istheinteraction between transportand the
economy: the economy influences mobility, and mobility influences the econ-
omy. Inthisrespectthe model differs from other transport models where
itis mostly either the economy thatinfluences transport, or transport that
influences the economy. Hence the model takes notonly the direct effects
of transport policy ontransportinto account butalso theindirect effects, i.e.
those viathe economy.

Another feature of the model isits dynamic nature. Other transport models
are often unable to calculate transport and economicvariablesin successive
periods.

The third feature of the modelisinteraction between regions, which is
importantin spatial planning. Inthe model, regions are influenced by one
another, notonly by interregional flows of transport but also by investment:
savingsinoneregion can be used forinvestmentin another.

The model

The theory
The modelisfounded on neoclassical growth theory, the core of whichisa
production function, i.e. arelationship between inputs of production factors
and output of commodities, determined by the state of technology. The usual
production factorsin neoclassical growth theory are labour and capital (stock
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of capital goods). Labour is the size of the working population, which is
supposed to grow by an exogenous growth rate. The growth of capital is
explained as follows. Production accrues to the population in the form of in-
come, some of whichissaved. Savings are used asinvestment, i.e. an exten-
sion of capital. In thisway increasing production factors generate growth
productionandincome. Neoclassical theory teaches thatall the available pro-
duction factorsare used inthe production process, thanks to a flexible price
mechanism and perfect competition. The production process therefore re-
sultsin maximum production and income, and unemployment does not occur.
The production factors are paid according to their marginal productivity.

We have restricted this presentation of neoclassical growth theory to the
aspectsthatareimportantin moBILEC. Inthis context we consider the fol-
lowing points: (a) theintroduction of regions, (b) the introduction of infra-
structure and mobility, (c) the possibility of inequality between savings and
investmentand (d) the possibility of unemployment.

Interaction between the economy and mobility
Eachregion hasaregion-specific production function. We identify the pro-
duction factors labour volume (employment) and stock of capital goods. Traf-
ficinfrastructure can be viewed as another production factor, but the total
size of theinfrastructure should not be regarded as a production function,
only the partthatis utilized for production. Theinfrastructure utilized cor-
responds to mobility for productive ends, expressed in terms of the number of
passengersand the number of tons of goods carried by the infrastructure.

Goodstransport and business traffic yield productive mobility (expressed
asthe number of tons or passengers moved between two pointsin space).

If the purpose of the travel is shopping, attending educational courses,
visiting/staying, recreation/sportor driving/walking, this is consumptive
mobility (expressed as the number of passengers moved between two points
inspace). Establishing the nature of commuter trafficis more complicated.
Commutertrafficis linked to productive performance outside thehome and
therefore counts as productive mobility. On the other hand, it can be assumed
tobethe consequence of the consumer’s wish to live in a more attractive envi-
ronment than where he or she works, and from thisangle it should be counted
as consumptive mobility. This difficulty is solved by introducing separate
mathematical equations for commuter trafficin the model.

The production function relates to productive mobility, not consumptive
mobility: here the direction of the causal connection is from mobility to the
economy. In the case of consumptive mobility, the consumption function,
which describes the relationship between income and consumption, plays
arole: herethedirection of the causal connectionis from the economy to
mobility.

Infrastructure and other regional characteristics

Infrastructureisalimiting condition—changeable by policy —affecting the
total of productive and consumptive mobility and therefore economic
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Figure1. Simplified presentation of the model moBILEC
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development. Before maximum mobility is reached, the limiting effect of
infrastructureis revealedin the form of increased travel time and mobility
cost. Mobility costis defined as the generalized transport cost per passenger
orperton (in the case of freight transport). It consists of two parts, travel-
distance cost (or the distance cost of mobility) and trave/-time cost; travel-
time costis the result of evaluating travel time in monetary terms (Ministry of
Transport, Public Works and Water Management1996). The smaller the
difference between actual mobility and maximum possible mobility (infra-
structure capacity), the lower the speed of transportand the greater the
travel-time cost. Thetype of infrastructureimposes restrictions on the means
of transportandits speed, which are also expressed in the mobility cost.

The model makes use of origin-destination matrices where the quality
of accessibility within and between regionsis expressed in terms of travel
distance, travel time, travel-distance cost and travel-time cost, based on an
infrastructure network. It cannotassign transport flows to specific stretches
of infrastructure. It generates the flows of transport within aregion and
between pairs of regions. It takesinto account the fact thataregion’sinfra-
structureis utilized by transit traffic between other regions.

Infrastructureis one of the factors that characterize regions. Other regional
characteristics inthe model are technological development, production struc-
ture, urbanization (agglomeration economies and diseconomies), level of
wage rates, existence of recreation areas, metropolitan character, per capita
employment (in connection with commuting), investment premiums and
geographical position. Theirinfluence onthe economy and mobility is also
takeninto consideration.

Specification of the model
The specification of the model is as follows (for a mathematical presentation
of themodel see Van de Vooren 2004).

Regionalincomein period t determines regional (private) savingsin period
t, which—depending on the balance of government spending and taxes levied
intheregionandthe region’s balance of payments - are used as (private)
investment. To what extentsavings are used asinvestmentin the region or
elsewhere depends onthe capital rate of returnin relation to thatin other
regions. Regional (private) investmentis just an extension of the (private)
stock of capital goods; hencein the case of positive investments the region
has alarger stock of capital goods atits disposal atthe beginning of the next
period t+71than atthe beginning of period t.

Neoclassical theory teaches that marginal labour productivity determines
the (flexible) wage rate. This relationshipisreversed inMmoBILEC inorder to
simulate the possibility of unemployment. The wage rate, agreed by employ-
ersand employees, is considered as an exogenous (non-flexible) variable
and determines marginal labour productivity. The price of productive mobility
determines marginal mobility productivity.

The stock of capital goods, marginal labour productivity and marginal
mobility productivity in period t+7—given the production function—
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simultaneously determine regional product, employment and productive
mobility in period t+1. The state of technology, the regional structure of pro-
ductionand the degree of urbanization in period t+7are exogenous. Regional
productaccruesto the populationin the form of regional income, which influ-
ences consumptive mobility and commuter traffic. Consumptive mobility also
dependsonthe distance cost of consumptive mobility and travel time as well
astheregion’s metropolitan character and recreation facilities in relation to
otherregions. Commuter trafficalso depends on the distance cost of com-
muter trafficand travel time, as well as per capitaemploymentintheregionin
relation to other regions.

Atthis point we have reached the end of the cycle of period tand the pro-
cessstartsall overagain: regionalincome determines regional savingsin
periodt+1, which can be used asinvestmentin the region or elsewhere, and
soon. Thusthe model simulates a continuous process of developmentin
the economy and mobility. Travel time and mobility costs rise as a result of
increasing utilization of the available infrastructure, which has a negative
influence on the growth of the economy and mobility.

Substitution can take place between transport modes. Use of a certain
mode depends not only on its mobility cost butalso on the mobility costs of
other modes (consumptive mobility and commuter traffic: distance costs of
mobility and travel time instead of mobility costs).

Thedemandfortransportis considered mainly as a derived demand from
thelevel of economicactivity. The model computes the demand for labour
and productive mobility based on the production function and the equations
for marginal labour productivity and marginal mobility productivity. The
resultsareas follows:

thedemandforlabour dependsonregional productand the wage rate;
the demand for productive mobility of goods (transport of goods)
dependsontheregional productand the cost of productive mobility of
goods;
the demand for productive mobility of passengers (business traffic)
dependsonregional productand the cost of productive mobility of
passengers.
The model, then, generates the demand for productive mobility as a derived
demand, butregional productisendogenous. Consumption mobility and
commuter trafficare considered as a derived demand from regional income,
whichisalsoanendogenousvariable.

Endogenous and exogenous variables

The main output thatthe model produces consists of the following variables:
regional product/income, employmentand investment;
transport of goods by lorry, train and ship (productive mobility) within
regionsand between regions;
transport of passengers by car, train and bus/tram /metro within a region
and between regions, splitup into business traffic (productive mobility),
commuter trafficand other traffic (consumptive mobility).
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Theseregional variables can be aggregated into national variables. They are,
by definition, endogenous.

Otherendogenousvariablesare:
travel time by lorry and bus/tram;
mobility costs of productive mobility, distance costs of consumptive
mobility and commuter traffic;
marginal labour productivity and marginal mobility productivity;
stock of (private) capital goods and rate of return on capital.

The costs of productive mobility (per passenger or per ton) between and
within regions consist of travel-distance cost and travel-time cost. The prices
of consumptive mobility and commuter trafficonly include travel-distance
cost. Travel-distance cost per kilometre, distances within a region and be-
tween regions, and average load per lorry, train and ship/average number of
passengers by car are exogenous, as are publictransport tariffs. Travel-time
costdependsontravel time, whichisendogenousin the case of road traffic
and exogenousin the case of other traffic. The travel time of road trafficis
determined by the extent to which road capacity is utilized. Travel time (in-
cluding waiting times) by train is considered as an exogenous variable, asitis
notdirectly determined by the utilization of railway infrastructure. Travel
time by ship (including waiting times at locks) is considered as an exogenous
variable, as waterway infrastructure generally has overcapacity.

Alltheregional characteristics are represented by exogenous variables,
except per capitaemployment, since employmentis an endogenous
variable.

Estimation and implementation
moBiLEc-Netherlands (thereisalsoamoBiLEc-BelgiumandamoBiLEC-
Benelux) identifies 43 regions: 40 ‘corOP’ regionsin the Netherlands, the
neighbouring countries of Belgium/Luxemburg, Germany, and France.

The model does not distinguish between industries butitdoesinclude
avariableindicating the regional production structure, which influences
theeconomy and transport. This variable is taken exogenously. Different
changesintheregional production structure can be takenintoaccountina
scenario analysis. Transport policy does not generally produce fundamental
changesin production structure, soitis notunacceptable for this variable to
beregarded as exogenousin this respect.

Statistical data are needed for the base period of the model, 1991-1993. The
main statistical sources are Netherlands Statistics’ Regional Annual Economic
Data for the economicvariables, its National Travel Survey for the passenger
transportvariables, and data from the Dutch consultancy NEA for the goods
transportvariables (Netherlands Statistics does not have regional data on
transport of goods).

We obtained the values of the coefficients and intercepts for the modelin
the base period1991-1993 as follows:
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1. Some coefficients (production elasticities in the production function)
were quantified on the basis of economic theory.

2. Some coefficients (includingincome, distance cost and travel-time
elasticities) were assigned values from empirical studies by other
authors.

3. One coefficient (changesintravel time related to changesin the
utilization of road capacity) has an a priorivalue. We found from a
sensitivity analysis that multiplication of the a priorivalue by 0.5and 1.5
has hardly any effect on the growth rates of mobility and the economy.
(Meanwhile we have refined the relevant equation, enabling the a priori
value to be replaced with an estimation using regression analysis).

4. Theremaining coefficients were estimated using regression analysis. All
values of the coefficients have the right sign and are significant at a level
of 5%, with one exception.

5. Thevalues of the intercepts (the constant part on the right-hand side of
an equation) are such that each equationin the model yields the actual
value of the dependent variable in the base period.

Cases
We present three cases: (a) ascenario analysis, (b) acomputation of the
effects of transport policy and (c) a computation of the effects of an infra-
structure projectincluding a cost-benefit analysis.

Scenario analysis
Asanillustration we present two possible scenarios, assigning appropriate
valuesto the exogenousvariables.

Thefirstillustrationisascenario forasocio-economic environment with

the following main characteristics:

1. Technological developmentis2.25% over athree-year period. The state
of technology isa quantity definedin moBILEC.

2. Theshare of labour-intensive sectors (especially the service sector)
inregional productincreases overathree-year period by 0.75 of the
increasein this share overthe preceding three-year period.

3. Thereal wage rate rises by 1% a year.

Giventhefirsttwo characteristics we refer to this scenario as a Moderately
Innovative Service Economy. Using the model we can calculate that this socio-
economic environmentscenario, policy remaining unchanged, yields an
average economic growth of 2.07% peryearin the Netherlands over the
1995—2030 period. Theinteraction between the economy and mobility is
takeninto account. Table1(column 2) shows the results for the economy and
mobility inthe North Limburg region (the co-rRoM gives a brief description
and explanation of Tables1,2and 3).

The secondillustrationisascenario forasocio-economicenvironment
derived from the European Coordination scenario of the Netherlands Bureau
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for Economic Policy Analysis (cPB1997). This scenario assumes, among other
things, average economic growth in the Netherlands of 2.75% a year over
the1995-2020 period. If we take this 2.75% economic growth as our starting
point, policies to stimulate the economy of a region will have no generative
effects, only distributive ones: as regional policy can raise the region’s regio-
nal product but the national product is quantitatively fixed inadvancein the
cPB scenario, this goes at the expense of other regions’ regional product
—inotherwordsithasonly distributive effects. In order to enable generative
effectstobeincludedinthe cps scenario we proceed as follows.

The cpB assumesan averagerisein the real wage rate of 1.7% annually in
its European Coordination scenario. We adopt this assumption and retain the
second characteristic of the first scenario, the Moderately Innovative Service
Economy. Given these assumptions, MoBILEC finds that, policy remaining
unchanged, technological development needs to be 4.15% per three-year
periodin orderto achieve an average economic growth of about 2.75% ayear
inthe Netherlands. Hence 2.75% economic growth is no longer a starting
pointbutaresult of assumptions on technological development, as well as
increasesin theshare of labour-intensive sectors and wagerises.

The main characteristics of the cpB scenario are set as follows:

1. Technological developmentis 4.15% over a three-year period.

2. Theshare of labour-intensive sectors (especially the service sector)
inregional productincreases overathree-year period by 0.75 of the
increaseintheshare overthe preceding three-year period.

3. Thereal wageraterises by 1.7% ayear.

Now that the underlying characteristics are setinstead of economic growth,
generative effects of regional policy can be calculated for the cp8 scenario.
Table1(column 3) shows the results of the cpB scenario for the economy and
mobility inthe North Limburg region.

Effects of transport policy
Inview of the debate on possible national transport policies we formulate the
following policy variants for the 2000—2030 period as aniillustration:

1. areference variant: constant road capacity, constant real travel-distance
cost per kilometre and constant travel time by train and ship;

2. anincreasein road capacity such thattravel time for road traffic does not
risein spite of increasing traffic; also constant real travel-distance cost
perkilometre and constant travel time by train and ship;

3. arise in mobility tariffs: real travel-distance cost per kilometre by carand
lorry rises by 3% ayearand for other modes of transport by 1% per year;
also constantroad capacity and constant travel time by train and ship;

4.promotion of publictransport: anincreasein frequency and speed
(modern vehicles, priority measures, dedicated lanes etc.) such that
travel time by train and bus/tram/metro (including waiting time) falls by
1% ayear; also constant road capacity, constant real travel-distance cost
perkilometre and constant travel time by ship.
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1. Transportgrowth hasbeencal-
culated on the basis of passenger
numbersor quantitiesintons.
Thetransportflows by car, lorry
and busincludetransit traffic
throughtheregion excepttransit
trafficfromaforeign country
toanotherforeign country. The
transportflows by trainand ship
excludetransittraffic. Passenger
transportexcludes foreign coun-
tries.

2.Seenote1to Table1.

3.Includingtramand metro

Table 1. Average growth perannum (in %) of real regional product, employmentand trans-
portof goodsand passengers by mode of transportin North Limburg overthe1995—2030
period, based on two socio-economic scenarios and unchanged policy’

Moderately Innovative European Coordination

Service Economy (cpB)
Regional product 1.91 2.65
Employment 0.90 0.93
Goods transport
by lorry 1.60 2.12
by train 1.65 2.37
by ship 2.62 3.06
Passengertransport
by car 0.86 1.09
by train 0.04 0.08
by bus -0.10 -0.26

Table 2. Average growth perannum (in %) of regional product, employmentand transport
of goodsand passengers by mode of transportin Greater Amsterdam over the2000—2030

period, based on the Moderately Innovative Service Economy?

Reference Increaseinroad Risein mobility

variant capacity tariffs
Regional product 2.12 2.16 1.98
Employment 1.11 1.15 0.97
Goods transport
by lorry 1.36 1.55 0.50
by train 2.02 2.05 0.98
by ship 2.29 2.31 1.70
Passengertransport
by car 0.87 1.10 -0.08
by train 0.13 0.09 -0.38
by bus3 -0.19 0.04 -0.01
MOBILEC

Promotion of public
transport

2.14

1.13

1.37
2.11

2.30

0.83
1.90

1.39
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By way of example Table 2 shows the quantitative effects of these four
policy variants for the Greater Amsterdam region based on the Moderately
Innovative Service Economy scenario. The differences between the policy
variants seem small, butthey are considerable in absolute terms. Mean annual
growthinemployment, for example, increases from1.11% in the reference
variantto1.15% in the road variant, resultingin about 9,300 more jobsin 2030,
i.e.1.8% of theemploymentin Greater Amsterdamin2000.

Itis possible to calculate the effects of combinations of these policy variants
and those of more complex policy variants.

Effects of infrastructure projects
MoBILEC specifies transport flows within and between regions without rela-
ting them to individual stretches of infrastructure. Computational rules have
therefore been formulated to express the consequences of aninfrastructure
projecttoincreaseinfrastructure capacity inaregion. The model then calcu-
latesthe reductionsin travel time for the transport flows in question due to
theincrease inregional infrastructure capacity.

A more precise estimation of the effect of increasing of the capacity of a
specificstretch on travel time can be made using a traffic model as a starting
point. Thisis particularly importantin the case of smallimprovements to
infrastructure. The traffic model estimates the initial reductionin travel time
asaresultofincreasing the capacity of aspecific stretch of infrastructure.
Computational rules express thisin terms of reductions of travel time within
and between regions, which arefedintomoBiLEC. Based onthese, MOBILEC
calculates the effects on the economy and mobility over time, taking into
accountfurther changesintravel time (for coupling of transport models see
Van de Vooren2003).

This method of linking a traffic modelto moBILEC has beenapplied to many
stretches of motorway in the Netherlands (using the New Regional Model
of the Dutch Ministry of Transport, Public Works and Water Management
1997, asthe trafficmodel). We llustrate it with a computation of the effects
onregional product of three increasesin capacity on the Barneveld-Deventer
and Deventer-Hengelo stretches of the A1 motorway. The computations are
based onthe European Coordination scenario and the reference variant of
policy. The following alternatives were examined:
Alternative o: Barneveld-Deventer 2x2 stretches and Deventer-Hengelo
2x2 stretches;
Alternative1: Barneveld-Deventer 2x3 stretches and Deventer-Hengelo
ax2 stretches;
Alternative 2: Barneveld-Deventer 2x3 stretches and Deventer-Hengelo
2x3stretches;
Alternative 3: Barneveld-Deventer 2x4 stretches and Deventer-Hengelo
2x3 stretches;
Asregardsthe regional product of Southwest Overijssel over the 2018-2020
period, forexample, Table 3 shows that this is 3.9 million euros higher each
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4.Thetotals fortheregions may
notadd uptothefiguresfor
Total Netherlands as aresult of

rounding.

Figure 2. Linkingatrafficmodeltothe modelmoBILEC

Trafficmodel

Travel time without Production of travel

project time by project

Regional product/ Travel time with
Employment without project

project

Regional product/

Employment with
project
miceffect of
project

Table 3. Averageincreasein real regional product peryear (in million euros, 2002 price
levels) overthe 20182020 and 20272029 periods as aresult of adopting an enlargement

alternativein 2018, based onthe European Coordination scenario and the reference variant

of policy4

2018-2020 2027-2029

Alt.1 Alt.2  Alt.3 Alt.1 Alt.2  Alt.3
Southwest Overijssel 3.9 4.0 4.7 4.4 4.2 5.0
Twente 14.5 19.0 21.5 17.3 22.2 25.1
Veluwe 9.0 9.5 10.2 4.6 4.6 4.2
Utrecht 7.1 7.9 8.4 4.7 5.3 5.2
Greater Amsterdam 3.9 4.6 4.9 3.4 4.2 4.4
Greater Rotterdam 3.6 4.7 5.3 3.4 4.6 5.1
Restof the Netherlands 12.3 14.4 16.3 43 5.6 5.8
TOTAL NETHERLANDS 54.3 64.1 71.4 42.1 50.6 54.7

Table 4. Cost-benefitanalysis of enlargementalternatives for the A1 motorway,

Barneveld-Deventerand Deventer-Hengelo stretches

Alternative1: Alternative 2: Alternative 3:
compared with Alt.o compared with Alt.1 compared with Alt. 2

Benefit—cost of

maintenance (8) 640 128 36
Construction cost(c) 208 36 85
B/c 3.1 3.6 0.4
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year (onaverage) in Alternative1thanin the null alternative. Theincrease

over the whole periodis3x3.9 =11.7 million euros. If we calculate the effects
interms of percentages of regional product we getvery small numbers, e.q.
0.1% for Southwest Overijssel and Twente, and even less for other regions.

The absolute differences between the annual effects of the alternatives
aresmall, buttotalled overa period of 50 years they are substantial, especially
when compared with the once-only construction cost of the enlargement.
Thisis the starting point for a cost-benefit analysis.

We calculate the benefitas the total of the increase in the Dutch domestic
productand welfare creation due to the reduction in travel time for consump-
tive mobility and commuter traffic not expressed in the domestic product.
The costof maintenance has to be deducted from the benefit. The net benefit
isthen compared with the construction cost. We use a real discount rate of 4%
asprescribed inthe Netherlands.

We conclude from Table 4 thatthe increase in road capacity under Alternative
1issocially profitable, butthe largerincrease under Alternative 2 is prefera-
ble. Thefurtherincrease under Alternative 3is not socially profitable.

Conclusions and final remarks
The modelisfounded on neoclassical growth theory. In this context we con-
sider the following points: (a) the introduction of regions, (b) the introduc-
tion of infrastructure and mobility, (c) the possibility of inequality between
savingsandinvestmentand (d) the possibility of unemployment. The resultis
adynamic, interregional model that specifies the relationships between the
economy, mobility, infrastructure and other regional characteristics.

MmoBILEC offersanew approachtotheinteraction between transportand
theeconomy. Itenables the effects of transport policy on transportto be
estimated better, asitalso takesindirect effectsintoaccount, i.e. thoseviathe
economy.

Another feature of the model isits dynamic nature. Calculating transport
and economicvariablesinsuccessive periodsisimportantto transport policy
and spatial planning. Such calculations are a necessary precondition for apply-
ing cost-benefitanalysistoinfrastructure projects.

The model calculates the development of transportand the economy,
driven by investmentand technological development, asa continuous pro-
cessinwhich theregions affect one another. Travel time and mobility costs
riseasaresult of increasing utilization of the available infrastructure, which
hasanegativeinfluence on the growth of the economy and mobility. The
process of developmentisalso influenced by travel-distance costs and other
regional characteristics besides infrastructure.

Using the model a scenario analysis can be carried out, generating
time paths fortransportand economicvariables for the 40 regions of the
Netherlands. The effects of transport policy, including infrastructure pro-
jects, ontransportand the economy in successive periods can be calculated.
Theresults of this, and the effects of changesin other regional characteristics,
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can beusedinspatial planning. We have carried out several scenario analyses
and effect calculations since 1999. The quantitative results were always plau-
sibleinthe opinion of expertsand users.

A modelisnever finished. We are currently incorporating the various options
forfinancinginfrastructureimprovements and spending the revenue froma
levy on mobility. We have calculated the effects of these on transportand the
economy using MOBILEC-Belgium. We are experimenting with calculations
forsub-regions within coroPp regions. We intend to examine the possibility
of applying less restrictive production functions than the present Cobb-
Douglastype. These production functions offer the advantage of calculating
the equations for the time paths of the economicand transportvariables. We
are preparingamore recent base period for the model along with new esti-
mates for the coefficients. Other roads forimprovement thatare considered
areaddingalabour marketand the disaggregation of the total economy into
anumberofindustries. Finally, we want to check the overall fit of the model,
i.e.toexamine how thetime paths for the transportand economicvariables fit
actual developmentsin the past.
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REGINA. AMODEL OF ECONOMIC GROWTH PROSPECTS
FORDUTCH REGIONS
Olaf Koops, Jos Muskens

Introduction
Why do someregions perform betterin terms of economic growth than
others? This question has been asked by economists ever since Adam Smith
wrote his Wealth of Nations, and many answers have been given. Most em-
pirical researchinvolvesanalysing differencesin economic growth between
countries, butthe explanations for these differences at national levels may
differ markedly from those at the more detailed, regional level.

New spatial economictheories evolvedinthe199os, thanks to the work
of Paul Krugman and others in the New Economic Geography (NEG) litera-
ture. Attempts to apply this theory to empirical research are still scarce in the
Netherlandsand elsewhere, but progress has been made recently. Examples
of NEG-based models which analyse regional economic growth inthe Nether-
lands (in particular RAEM and REM1) can be found elsewhere in this book.

Thelevel of geographical detail in these modelsis still rather high. There
are not many models available for the municipal level (the Netherlands has
justunder 500 municipalities). Local authorities are increasingly expressing
aninterestinthe economic prospects for their town or region, mainly because
of the growing responsibilities upon them resulting from institutional decen-
tralizationinthe Netherlands. To decide upon regional policies the author-
ities need to know what the differences are in economic growth between
regionsand how they can be explained. Central government needs to know
whether generic policy measures will help all the regions equally or whether
some regions require specific measures. Private firms can use findings from
empirical research to explore marketareas or to help them decide where to
locate orwheretoinvestin real estate, housing or land.

TNoO hasbeendevelopingaregional model to analyse growth differences
betweenregionsinthe Netherlandssincetheearly199os.' Theaimis
(1) todescribe growth differences between regions, (2) to explain these dif-
ferencesand (3) to forecast regional economic growth. The model has been
updated recently andis now called REGINA. The main changein the structure
of the model isthe breakdown of regional levelsin two steps. Step 1divides
the Netherlandsinto 40 ‘coroP’ regions?and analyses the differencesin
economic growth between these regions and the nation asawhole. Step 2
zoomsin on the municipalities, comparing their economic growth to thatin
theimmediate environment (the coroP region, or the region within a certain
travel time radius). This two-step system enables different explanations to be
found for differentregional levels.

The nextsection describes the modelin more detail. The third section
takesone particularregioninthe Netherlandsasan example of how REGINA
works. Concluding remarks are givenin the fourth section.

REGINA.Amodel of economic growth prospects for Dutch regions

1.Seee.g. Louteretal.(1997).
2. The Netherlands consists of 40
COROPregions,or NUTS3 regions
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The model

The theory
REGINAisthe Dutchacronym for ‘Regionaal-Economische Groei INdicAtie’
or‘regional economic growth indicator’. The model translates long-term
national economic growth forecasts into regional growth prospects. It
measures economic developmentin terms of employment growth. The
theoretical basis for REGINA is ‘explanatory shift-share analysis’, a modelling
method thatis known for its simplicity, with accompanying practical advan-
tagesand theoretical drawbacks. It has prove very useful in practical applica-
tions for empirical research atthe local level.

The shiftand share method was described in detail in the early 1960s by
Dunn (1960) and Ashby (1964). Traditional shift-share analysis breaks down
economic growth overa certain period into two parts, structural growth
(share) and differential growth (shift). Table 1gives an example of these two
elements. The sum of both elements of growth equals total growth.

The ‘share’ part, or structural growth, indicates the amount of growth that
would have occurredif each sector had grown at the national sector growth
rate.3 Structural growth rates differ from one region to another because of
the different shares of economic sectors (see the growth ratesin Table 1):
forexample, the commercial services sectorinthe Netherlands grew rapidly
duringthe1993—2000 period. Regions with a relatively high share of com-
mercial servicesin their economies experienced higher than average total
structural growth, e.g. Utrechtand North Holland.

Structural growth does not equal total growth. Some regional characteristics
apparently cause sectoral growth rates to differ from the national average.
Theremaining difference between observed growth and expected structural
growthis called ‘differential growth’ or ‘shift’. As we can see from Table 1, in
the case of most regions, most of the economic growth is accounted for by
structural growth. But some regions show thatlocal factors can play a signifi-
cantroleindetermining total growth. The moststrikingexampleis Flevoland,
where differential growth is higher than structural growth: thisis a relatively
young and ‘empty’ region, selected by the government for housing develop-
mentto relieve overpopulationin the Randstad region. New housing estates
create new employment, especially commercial and non-commercial ser-
vices for the new residents.

This explanation of growth in Flevolandis based on ‘common sense’.
Policy-makers need to know what local factors specifically contribute to the
region’s non-standard growth. Berzeg (1978,1984) found that shift-share
models canreadily be represented as explanatory models, taking the rate
of growth divergence asthe dependentvariable, and sectoral and regional
dummies as the explanatory factors. The method of explanatory shift-share
analysis has been developedsince then. In general, the differential ratio
(employment growth ratein sectoriinregionjoveracertain period relative
totherateinsectoriinthe national economy over the same period) is defined
asthe dependentvariable. For each sectori, this ratio is explained by various
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3.Inthisexample the economy has
been classified into eight sectors:
agriculture, manufacturing, trade,
transport & communications,
commercial services, housing
sector, non-profitservicesand

government.

Table 1. Economicgrowth, shiftand share, forthe12 provincesinthe Netherlands (in labour
volumes, x1000 ftes, and percentage growth from1993to2000)

Economicgrowth % growth  Structuralgrowth % growth  Differential growth % growth

x1000 fte x1000 fte x1000 fte
Groningen 17 9 27 15 -9 -5
Friesland 28 15 24 13 4 2
Drenthe 16 1 17 12 o o
Overijssel 43 12 46 13 -3 -1
Friesland 23 31 10 14 13 17
Gelderland 72 1 86 13 -14 -2
Utrecht 93 21 81 18 12 3
North Holland 162 16 165 16 -4 o
South Holland 154 12 189 15 -36 -3
Zeeland 5 4 14 12 -10 -8
North Brabant 158 19 104 13 53 6
Limburg 39 10 46 12 -6 -2
NETHERLANDS 810 14 810 14 0 0

explanatory variables which determine the location of economic activities, 4. Following the municipality

e.g. population and accessibility. The REGINA model has been developed zoningvalidin2002.
alongthese lines of explanatory shift-share analysis.

Economic growth for each region can be forecasted, based oninformation
from the past. Allthatis needed, in fact, is growth forecasts for each sector of
the national economy: based on these, structural growth for each region can
be projected. Assuming that local factors and theirimpact on regional growth
donotchange overtime (unlessinformation on future development s availa-
ble, e.g. on population growth), future differential growth can be estimated
using the parameters estimated in the explanatory analysis. Adding the two
growth elementsyields the total economic growth for each region. Given the
limitations of REGINA, the outcomes from the model should be interpreted as
economic growth prospects rather than forecasts.

The REGINA model
TheREGINA modelisstructuredintwo parts, astructural and a differential
part. Thestructural partis based onlong-term national economic growth
scenarios produced by the Netherlands Bureau for Economic Policy Analysis
(cpB). The cps scenario divides the economy upinto18 sectors, and this
sector breakdown isalso usedinthe REGINA model. We assume that regional
growthineach economicsector equals national growth in that sector.

Fromthe past we know thatstructural growth does not equal total growth.
The difference, the differential growth, can be explained by location factors.
TheREGINA modelidentifies two different levels for these factors, the 40
coroP regionsand the 496 municipalities.# Most location factors relate to
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labour supply, agglomeration effects, accessibility, proximity of economic
mainports and sector representation. REGINA checks the following factors to
see whetherthey significantly affect differential growth:

Laboursupply. We take population growth in the 15-64 age group (the
potential labour force) as anindicator of regional labour force developments.
A growinglabourforceincreases the potential of labour as a production fac-
tor. Atthe sametime, population growth increases the potential sales market.
The potential labour force (in absolute terms) and population density are both
added as possible explanatory variables.>

Agglomeration effects. The NEG literature explicitly mentions agglomera-
tion effectsasanimportant source of economic growth. Large numbers of
economicactivities within arelatively small area can generate efficiency
gains. Inorder to capture this push factor, REGINA includes an explanatory
variable for proximity of concentrations of employment.

Accessibility. Accessibility isanimportant factor when it comes to attracting
new firms to the area: major sites of economicactivity are generally found
along major roads near towns and cities, for example. With the helpof TnO
expertise, REGINA analyses accessibility indicators both with and without
congestion.6

Proximity of economic mainports. The model takes two economic mainports
inthe Netherlandsintoaccount, Schiphol Airportand the Port of Rotterdam.
For certainindustriesitis particularlyimportant to be located nearan air or
seaport. REGINA includesadistanceindicator to both mainports, as well as
indicators of distance toimportant economic areas across the border (e.g. the
Ruhrgebiet, Brussels/Antwerp).

Sector representation. High regional sector shares hamper regional employ-
mentgrowth. The higher the share of a sectorinan economy, the more
jobs havetobe created to produce a certain growth rate: if manufacturing
employmentin Rotterdam and Delftincreases by 500 jobs, forexample, the
growth ratein Delft will be higher than in Rotterdam. REGINA takes thisinto
accountbyincludingasectorspecialization variable. It also takes economic
diversity into account (using the Hirshman-Herfindahl Index) to check for the
influence of diversified sector mix.”

Other factors. Intensity of land use isadded as an indicator of available
space for economicactivities. Suburbanizationisalsoincluded, defined as
theratio of the number of people reachable withinashort travel time radius
tothe numberreachable withinalongtravel time radius. Adummy variable
for Flevolandisaddedinstep1, since this region has experienced very high
growth rates since 1970, simply because it started from zero. A ‘regional func-
tion’dummy isaddedinstep2: thisis setto1when the municipality provides
several services fortheregion, such as care and education, but also employ-
mentingeneral.

Itisimportanttostress here thatsome of the explanatory variables listed
canbeinterdependent. REGINA checks for this.
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5. The potential labour forceis
usedinstead of the actual labour
force forreasons of data availa-
bility.

6.Seealso Manshanden (1996).

7. The Hirshman-Herfindahl
Index (HHI) consists of the sum of
thesquaresectorshares; the HHI
isanalysed for differentlists of
sectors (8—sector shares,18-sector

shares, etc.).

Estimation and implementation
REGINA carries out the explanatory analysis of the shiftin two stages. First it
explainsthe differences between regional growth and the national average at
arelatively high regional level (usually corop level). For cororp level, TnO
recently developed atime-series database from 1970 to 2000 based on data
from Statistics Netherlands (c8s),® hence we know the difference between
observed growth and structural employment growth in those years for each
sectorineach corop region. In order to explain this difference in terms of
location factors, we split the datainto three periods, 1970-1983,1983-1993
and1993—2000.9 This gives us 120 observations for each sector (3 periods x 40
regions). The selection of the three periodsis arbitrary, but some time span
isneededtoincorporate significant developments. More periods obviously
provide more observations, but they do not guarantee better estimates.

Instep1weidentify six economic sectors atan aggregate level (manufac-
turing, trade, transportand communications, banking and business services,
governmentand non-profitservices). The reason foraggregating in this way
isthatregression estimates tend to be less stable ata more detailed level. We
leave outagriculture, since structural growth appears to be sufficient to ana-
lyse regional growthin agricultural employment.’®

Instep2wetakeacloserlook atregions withinthe coroPp regions, usually
the municipalities (separately orin groups). For each of these municipalities
we explain the difference in employment growth from thatin the immediate
environment (the region within a certain travel time radius, rather than the
cororregion)." Thelist of significant explanatory factors may be different
from the results of step 1. This enables us to distinguish between the geo-
graphical effects of location factors: for example, accessibility aspects may
be moreimportantin step 1thanstep 2, and suburbanization may be more
relevantinstep2thanstep.

Forstep2we haveto useanother database, since Statistics Netherlands
does not provide sufficient data at municipal level. This ‘LisA database’ does
provide data at detailed regional level, for numerous sectors, butthe time
seriesareonly from1996to2002."> We therefore select only one period.
Altogether we have justunder 500 observations, the number of municipali-
tiesin the Netherlands.

We assume that the estimated effect of each location factor will remain
equalinthe future, with the exception of population growth. Long-term
regional forecasts of both total population and the potential labour force (the
population aged15-64) are published and updated every two years.”3 From
these forecasts we calculate future growth divergences for each municipa-
lity. Another location factor which can be varied in the futureis accessibility,
related to travel time data. Future network changes can be based on govern-
mentplans, or suggested as optional scenarios.

Addingstructural growth with the two steps of differential growth
providesan indication of economic growth for all the municipalities in the
Netherlands. We now describe the general results of the estimations in step
1and 2. Inthe next paragraph we zoomin onthe province of North Brabant
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8.TheTNO Regio Database con-
tainstime-seriesoninvestments,
production, labourvolumesand
added valuefor3yeconomicsec-
tors, which canbe aggregatedinto
the18 cpB sectors.

9.1983and 1993 areyears of reces-
sioninthe economiccycle of the
Netherlands.

10. Comparedto thelistof sectors
inthe example of section 2.1,
commercial services and housing
sector make up the bankingand
businessservices.

11. We check thatregional growth
addsuptocorop and national
growth.

12. LISAisthe Dutchacronym for
‘Landelijk Informatie Systeem
Arbeidsplaatsen’ (national jobs
information system).

13. Thesearereferredtoin
Dutchas‘PrIMOS bevolkings-
prognoses’, published by ABF

Research.
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to show whatthe resultsimply foremployment growth in the municipalities
thereup to2010,and how growth is distributed among structural growth and
the two steps of differential growth. 4

Table 2 shows the estimation results from step 10of the differential
growth analysisin REGINA. It shows what factors explain the difference in
employment growth betweenthe corop regionsand the Netherlandsasa
whole. Asexpected, growthin the potential labour force positively affects
employment growth. A growinglabour forceinduceslabour potential asa
production factorand atthe same time increases the potential sales market.
Notsurprisingly, this latter appears to be particularly relevant to the trade
sector. Sector specialization hampers employment growth significantly in all
sectors, whereas economic diversity has no marked effect. Accessibility has
beenshownto beimportant, both nationally and internationally. Generally
this means that growth in the peripheral regions of the country ishampered
by their relative distance from the central regions but boosted by the relative
proximity of economic centres across the border. Interestingly, proximity to
Schiphol Airportorthe Port of Rotterdam does not have asignificantinflu-
ence. Manufacturing activities generally need more space, so it comesas no
surprise that high intensity of land use negatively affects growth in manufac-
turingemployment.

Table3showstheresults of the estimation in step 2 of the differential
growth analysis. Here REGINA explains the differencesin employment
growth between municipalities and their regions (within a 30-minute travel
time radius).'S Again, growth in the potential labour force positively affects
employment, butinthe case of only three sectors this time; in the other three
sectors total population growth appears to be significantly positive. This to
some extent replaces the labour force variable, butin the government sector
in particular it makes sense to take the number of people aged below 15and
above 64intoaccount. Sector specialization hampers employment growth
againinall sectors excepttrade. Of special interestis the finding that, at this
regional level, economicdiversity has a negative effecton employment
growthinthetrade, transportand non-profitsectorsanda positive effecton
commercial services. This sector depends on relations with companiesin all
sectors, which explains the positive sign (although significant only at15%).
The other sectors have relations mainly with one or two other sectors. The
prevalence of the agglomeration and clustering variable implies that commer-
cial services benefit not only from economic diversity within the municipality
butalso from concentrations of employmentin neighbouring municipalities.

Suburbanization positively affects growthintrade and transport, a rather
obviousfinding. Land use intensity negatively affects growth in trade: this
makes sense at the municipal level, since tradeincludes wholesale trade.
Finally, three more variables appear to have aninfluence on the government
sector: if amunicipality provides several services for the region, it attracts
relatively more governmentemployment. The same holds true for the share
of the commercial services sector. Density of commercial services corrects
for that positive correlation.
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14. The parameter estimations as
shownin Tables2and3arelinked
tothe case forthe purpose of
describing the model. They will

notnecessary be thesame fornew

casesinthenearfuture.

15.30 minutesis closetotheaver-
age commuting time, and corre-

spondsroughly with the size of the

COROP areas.

16. Significantonly at15%

Table 2. Estimation results of REGINA, step 1, for each sector (standardized coefficients,

significantats%)

Explanatoryvariable Manufacturing

(constant)
Labourforce growth
Labour force
Population density
Sector specialization
National accessibility
Congestion
International
accessibility
Intensity of land use
Dummy for Flevoland
R2

1.05

0.73

-0.38

-0.37

0.55

Trade

0.65

1.08
-0.20
-0.54

0.40

0.16

0.85

Transport&
comm.
1.30

039

-0.35

0.17

0.25

Commercial
services
0.49
0.85

0.27

-0.60

0.20

0.53

Table 3. Estimationresults of REGINA, step 2, for each sector (standardized coefficients,

significantat10%)

Explanatoryvariable Manufacturing Trade

Constant
Labourforce growth
Population growth
Population density
Sector specialization
Economicdiversity
Agglomerationand
clustering
Suburbanization
Intensity of land use
Dummy regional

function

Specialization of com-

mercial services

Density of commercial

services

R2

0.32
-0.11

-0.11

0.09

0.33

-0.10

0.16

-0.23

Transport&
comm.

0.13

-0.22

-0.15

0.13

0.09
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Commercial
services
-0.27

0.28

0.13

Government

0.72

0.98

0.31

-0.44

-0.11

0.52

Government

-0.03

-0.40

Non-profit

0.81

0.70

-0.26

0.77

Non-profit

-0.14

-0.13
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These outcomes, together with the structural growth effects, are used to
generate employment growth prospects for the municipalitiesin North
Brabantoverthe2002-2010 period.

Case study: North Brabant
The province of North Brabant had 1.16 million jobsin 2002, 15% of total
employmentinthe Netherlands. Industrial activities are overrepresented
there, asistrade. Its shares of employmentin business services, banking,
telecommunications, governmentand non-profit services lag behind the cor-
responding national figures.

North Brabant consists of four coroP regions, West North Brabant (286,000
jobsin2002), Central North Brabant (196,000), North-East North Brabant
(318,000) and South-East North Brabant (365,000). The principal towns
ofthe coroPp regionsare Breda, Tilburg, 's-Hertogenbosch and Eindhoven
respectively.

Employment growth in each municipality in North Brabantis distributed
among three components. The first of theseis structural growth: here we
usethe cps’s European Coordination scenario (EC scenario), adjusted for
actual developments.'” Figure 2 shows the results. National employment
growth overthe 20022010 periodis2.2%, as against2.0% in North Brabant.
Favourable economicsectors are apparently relatively underrepresentedin
the province. Economicsectors with a relatively high growth rateinthe cpB
scenario aretrade, business services, chemical manufacturing, electricity, gas
and water supply, and non-profitservices. Economicactivities with negative
employment growth inthe Netherlands over the 2002—2010 period are agri-
culture, traditional manufacturing, government, banking and telecommuni-
cations. The structural economic growth of the four principal townsin North
Brabantisabovethe national average because of the overrepresentation of
businessservices, trade and non-profit services.

The second component s the differential growth of each coroP region com-
pared to national employment growth. Figure 3 shows the results. While the
four coroPp regionsare clearly visible, differences within each corop region
areduetothedifferingeconomicstructures of the municipalities. Generally
speaking, North Brabantachieves positive differential growth: ithasarela-
tively high growth of the potential labour force, and on top of thatitis easily
accessibleinternationally.

Allthe corop regionsin North Brabant have positive differential growth
intrade, transportand non-profit services and negative differential growth
in government. The differential growthin manufacturingin North Brabantis
divided: itis positive in West North Brabantand Central North Brabant, but
negativeinthe othertwo regions. Central North Brabantis the bestscoring
regioninthe province, South-East North Brabant the worst. The two main
reasons for the differences between these two regions are sector specializa-
tionin business services and potential labour force growth.
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17. ThecpB developedthree
long-term scenarios, aboutten
yearsago. The EC scenario seems
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made, seethe Appendix.
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Thefinal componentis the differential growth of each municipality compared Figure 3. Differential growth in the coroP regions of North Brabant, 2002-2010
toitsregional environment. Figure 4 shows the results. In the Netherlandsin
general, growthrates in the cities lag behind those in the surrounding muni- [ | > 1.50%
cipalities. Relatively low population growth rates and relatively high sector oo oos0%
specialization rates cause this phenomenon. Within North Brabant, Breda is 's-HegigRgbosch [ ye
an exception, withits relatively high growthin the potential labour force.
Suburban municipalities generally have rapidly increasing labour forces and
low specialization indices, and they benefit from the agglomeration advan-
tagesof anearby largetown: examplesin North Brabantare Drimmelen,
Dongen, Vught and Waalre. The differential growth rates in the various eco-
nomicsectors are fairly similar, with the sole exception of government. This
similarity is caused by the general influence of the increasing labour force.
Eventually, all the growth components lead to overall employment growth
for municipalities. Figure 5 shows the results of totalling all the components.
The four principal towns will see above average growth because of their
economicstructure. The municipalities near the principal towns have the best

prospects, relatively speaking, of employment growth, especially the regions Figure 4. Differential growth in municipalities, 2002-2010
north of Tilburgand Breda.

to 1.00%

0.25 to 0.75%

- 0.00 to0 0.25%
- -0.40 to 0.00%
- < -0.40%

> 1.00%
Conclusions to 1.00%
TheREGINA model helpsto explain growth differences atlow regional s-hiegggenbosch to 0.75%
levelsinthe Netherlands. It translates national economic growth forecasts t0 0.50%
into regional growth prospects. REGINA has a detailed geographical level at t0 0.25%
whichitcan present outcomes and it takes the differing roles of location fac- t0 0.00%
tors atdifferent geographical levelsinto account. This makesita useful tool < -0.50%
for assisting both national and regional authorities to make policy decisions
and helping private firms to decide where to locate or what market areas to
explore. Theanalytical structure of REGINA is quite straightforward, butiits
simplicity also bringsalonganumber of drawbacks.
Firstly, regional growth prospects depend heavily on the national growth
forecastsselected. The cpB scenarios make assumptions aboutinternational Figures. Total employment growth prospects for municipalitiesin North Brabant, 2002-2010
developmentsin politics, economics, demography, technology and socio-
cultural factors, and as they were programmed about ten years ago they are > 3.75%
far from up-to-date. New national long-term scenarios have notyet been to 3.75%
published by cpB. Notethat REGINA canregionalize growth figures at several 's-Hego g .25 to 3.00%
regional levels. & to 2.25%
to 1.50%
Secondly, REGINA only takes account of external factors which determine to 0.75

differencesin economic growth between regions; it cannot take factors B 50
directly linked to individual companies, e.g. migration, mergers or locations
by major companies, into account. Individual company behaviouris hard to
predictand only includedinREGINA indirectly, through regional factors that
determine the location of firms, e.g. congestion or available land.
Furthermore, REGINA does not pick up all the interrelations on the regional
labour market. [tassumes that regional employment (labour demand) fol-

-0.00%
< -0.75%
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lows regional population (labour supply), while this causality can operate in
the other direction as well. Also, for reasons of data availability, the regional
laboursupplyis notbroken downinto levels of education. TNO plansto
improve theseaspectsof REGINA inthe near future.

Giventheselimitations of REGINA, the outcomes from the model should be
interpreted as economic growth prospects rather than forecasts.
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FORECASTING REGIONAL LABOUR MARKET DEVELOPMENTS BY
OCCUPATION AND EDUCATION
Frank Cérvers & Maud Hensen

Introduction
Analyses of expected labour market developmentsin view of particular
policyissuesinthe Netherlandsareincludedin the biennial report The labour
market by education and occupation to 200x," published by the Research Centre
for Education and the Labour Market (RoA). Asthe problems of matching
labour supply and demand can be regional in nature, the ROA makes forecasts
for three Dutch provinces (Limburg, Gelderland and Overijssel), which
are published inreportsthatare largely comparable to the national report.
Regional labour market forecasting by occupation and education is based on
the methodology used to forecast trendsin the national labour market. An
advantage of thisapproach s thatthe forecasts of regional supply and demand
are consistent with the national forecasts.

The general forecasting model for the labour marketasa whole and data
from national and regional sources are combined to serve two main functions
of labour market forecasting, policy-making and information (see Van Eijs
1994). Asregards the former, labour market forecasts are useful to policy-
makers at ministries, job centresand employment agencies, employers’ orga-
nizations, unions and educational organizations. These are able to propose or
carry outchangesin the educational infrastructure by taking account of future
employmenttrendsin broadly defined educational categories (in terms of
both level and subject) and occupational classes. National and regional fore-
casts that focus onthe macroeconomicorindustry level-asis usually the
case—donotdetectchangesin the occupational mixin particularindustries
orthe continuous upgrading of skill levelsin many occupations. Also, since
the forecasting model covers the labour marketasawhole, it canaccount for
interactions between different segments of the labour market, which partial
analyses of the labour market often fail toinclude.?

Theinformation function originally focused on education and career gui-
dance. Thisimproves the functioning of the labour market, since individuals
are better able to adjusttheir human capital investment decisions to the labour
market prospects of particular types of education (see Borghans1993). Also,
firmsand labour marketagencies can use labour market forecasts as ‘early
warnings’ of future recruitment problems to outline human resources policies
ordesigntraining programmes. The labour marketinformation thus provides
detailed information on the currentand future labour market position of 104
types of education and 127 occupational groups. Comparable occupatio-
nal forecastsare published in other countries, by e.g. the Bureau of Labor
Statisticsinthe usa and the esr1inIreland (foran overview of the 0ECD
countries see Neugartand Schémann 2002). All these models assume that
labour marketimbalances can exist due to marketimperfections. Providing
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individuals with information on future trends in labour supply and demand for
different occupational groups and types of education may reduce cobweb-
type upsand downs.

This chapter deals with the forecasting model for the Dutch national and
regional labour markets developed by the ROA. Itis organized as follows. We
firstdiscussthe basic principlesunderlyingthe RoA’s labour market fore-
casting, then looks atthe mostimportant parts of the forecasting model, i.e.
expansion demand, replacement demand, the inflow of school-leavers onto
thelabour market, and the ‘labour market gap indicator’. Then we presentan
application of regional labour market forecasts to the Province of Gelderland.
Finally, we draw some conclusions.

Basic principles and structure of the forecasting models
ltusedto bethoughtthatthe problem of coordinating the education system
and the labour market could be solved by planning. One well-known
approachisthe ‘manpower requirements model” as applied e.g. by Parnes
(1962), who developed a manpower planning model based on the input/
outputstructure of the economy. Various methodological and fundamental
objections have been made to the manpower requirementsapproach. The
methodological objections relate mainly to the fixed coefficients used in
the forecasting models to translate economic developmentinto changesin
employmentdifferentiated by trainingand occupation, and the mechanical
conceptof labour market functioning, which leaves no room for the operation
of substitution and other adjustment processes (Blaug1967). The fundamen-
tal objections are that future trends are in fact not sufficiently predictable, and
thatan exclusive relationship between job requirements and training is assum-
ed withoutadequate justification.

These objections, and lack of statistical data for estimating the forecasting
models, led to the rejection of the planning concept. A flexible approach to
education was advocated, one which would enable people to respond ade-
quately to uncertain future trends. This conceptinvolved broadeninginitial
training courses so thateach could lead to a broad range of occupations. Any
discrepancies that mightarise between specific, and mutable, job demands
and the qualifications of workers would be dealt with by means of short train-
ing coursesand on-the-job training.

Also, itwas no longer thought thata policy of directintervention was
required to ensure that the education system corresponded to the labour
market; instead, adequate information would make the labour market more
transparent for those choosinga course of study and others investingin
education. Thistransparency would enable the supply of labour to be more
responsive to changes on the labour market. On top of this, the labour market
forecasts give firms anindication of future risks of labour recruitment prob-
lemsin the various skill categories, enabling them to anticipate shortages, e.g.
by means of internal training and outflow reduction policies for categories
of workers where shortages are forecast. This developmentis evidentin the
way the role of manpower forecasting has completely changed in the various
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3. Parts of this paragraph are taken
from Cérvers, De Grip and Heijke
(2002).Fortheregional dimen-

sion of the ROA forecasting model

seealsoBerendsenetal. (1993).

countries where occupational and/or educational forecasts are still made.4
Anumber of basic principles are taken into account when compiling these
highly differentiated forecasts so as to counter the fundamental and metho-
dological criticisms of initial manpower planning approaches. These princi-
plesaresetoutbelow. The same methodological issues apply to the regional
forecasting models of labour supply and demand. Forecasting regional labour
supply and demand involves some additional issues and constraints, however.
Theforecastsare limited to the medium term, i.e. a five-year period.
Within this horizon the changes on the labour market are less uncertain
thaninthelongterm,> where the uncertain results of substitution,
geographical mobility and other adjustment processes can be decisive,
in particular where discrepancies between supply and demand may
beextremely large. Onasmallerscale, e.g. inthe case of the twelve
provinces of the Netherlands, the uncertainties are greater, owing to the
relatively largeimpactof incidents such as the closure or location of a big
firmintheregion.
Instead of fixed coefficients for the occupational and training structure
of employment, explanatory models are used to describe the changes
in both structures over time. Some preliminary analyses show that
the national occupational and educational structure of employment
in particularindustriesis very similar to the employment structurein
many regions.® We can therefore also expect trends in the employment
structurein particularindustries to be similar, and these can be used
to forecast regional employment growth. The regional employment
structure cannot be differentiated in terms of occupation and education
inall segments of the labour market, however, owingto the relatively
small size of the regional samplesinthe Labour Force Survey.
Thetheoretical framework underlying the forecasting models
incorporates both exante and ex post substitution processes in the
forecasts of the labour market situations for the various types of
education. Ex ante substitution refers to demand-led substitution
between types of education due e.g. to the upgrading of skill
requirements fora particular occupation; ex post substitution, on the
other hand, referstoshiftsin the educational structure of employmentin
anoccupationasaresult of theinitial gaps between supply and demand
for the various types of education (see e.g. Borghans and Heijke 1996;
Cérversand Heijke 2003). In the regional forecasting model we assume
thatinteraction between regional labour marketsis alsoimportant
(perhaps moreimportant), especially when forecasts are made for
administrative areas such as provinces:7 both substitution processes
between types of education within regions and changesin commuting
(or migration) flows between regions can solve the discrepancies
between supply and demand to some extent. These adjustments
between supply and demand are not without cost, however.
No detailed comparisons of supply and demand are made for each
forecastingyear: the forecasts themselves are limited to a general
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characterization of the relationship between supply and demand for
particular categories of education over the whole forecast period.
Information intended as guidance for students is limited to a qualitative
description of the labour market prospects of these training categories,
onascalefrom‘good’ to ‘poor’. The education categories therefore
need to be constructed carefully so as to minimize the variationin labour
market prospects within each category.® The same classifications of
occupation and education and the same characterizations of labour
market prospects are used at regional and national level.
Itisimportantto make maximum use of any information already available
onfuture growthinemployment, flows between work and inactivity,
and flows from the education system onto the labour market. In the
Netherlands thisappliesin particular to data on changesin employment
in the various industries, which are taken from the cp8 (Netherlands
Bureau for Economic Policy Analysis), and those on flows from the
education system onto the labour market, which are taken from forecasts
made by the Ministry of Education, Culture and Science. By using these
we ensure thatthe labour market forecasts are consistent with the
authoritative forecasts that provide the basis for policy decisions on
importantsocial and economicissues.®

The uncertainties associated with labour market forecasts are countered
to some extent by mapping the labour market risks thata particular choice
of training could entail. Statistical indicators have been developed to
complement forecasts of the probability of finding an attractive job.
These giveinsightinto e.g. the opportunities thata particular type of
education offers for switching between occupations, and the sensitivity
of the occupationsrelevantto a particular type of education to cyclical
fluctuations (see Dekker, De Grip and Heijke 1990). Preliminary
analyses show thattheseindicators do not differ very much between
regions.

The national forecasts are evaluated periodically atthe end of the
forecasting period (see e.g. Borghans, Van Eijsand De Grip1994;
Smitsand Diephuis 2001). Thisincludes an empirical evaluation of

the forecasts made by all the submodels and the resulting labour

market signals provided for students and firms, and a survey of the
methodology,describing the strong and weak points of the models and
possibleimprovementsand extensions. The regional labour market
forecasts have notbeen evaluatedso far.

Structure of the labour market forecasting model
Figure1givesageneral picture of flows on the labour market. On the demand
sideitdistinguishes between (a) demand resulting from future changesin
employment levels—expansion demand—and (b) demand due to retirement
and occupational mobility —replacement demand. The sum of expansion and
replacementdemand equals the expected number of job openings. On the
supply sideitdistinguishes between (a) supply due to the inflow of school-
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Figure1. The general forecasting model
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leavers onto the labour market and (b) the supply of short-term unemployed. 10. Theclassification and number
Comparing the expected future labour demand with the supply gives usan of sectorsidentified inthe Athena
indication of the discrepancies on the labour market by occupation or educa- model of cpB varied overtime.
tion. These discrepancies can be expressed as an Indicator of the Future 11.Formoreinformation see
Labour Market situation (1IFLM), which indicates the future labour market Cérvers, De Gripand Heijke
prospects of school-leavers with a particular type of education or the future (2002)and Corversetal. (2004).
recruitment problems of employersina particular occupation. The figure 12. Asimilarapproach hasbeen
compares supply and demand for the occupational groups. Using the IFLM, followed with regard to regional
employers can foresee to what extentit will be possible to achieve thedesired  occupationalforecastsin the
educational structurein particular occupations. United Kingdom (Lindley and
Wilson,1991).
Expansion demand
Theforecasts are based on the national employment projections by sector,
whichareinturnbased onthe cpg’s Athenamodel. Athenaisa multi-sector
model of the Dutch economy (cP8 1990) which identifies 15 sectors.”® The
cpB does not make regional forecasts of employment growth by sector,
however, so an alternative source of forecastsis required from which to com-
pile national and regional forecasts by sector using a similar methodology.
Theregional forecasts of employment growth by sector are derived from
forecasts made by the provinces themselves or other institutions (Ecorys NEI,
TNO). The national cp8 employment forecasts are often used as input when
compiling these regional employment forecasts, however. We translate the
forecastemployment growth in economicsectors into expansion demand by
occupational class, allowing for the fact that some occupational classesin eco-
nomicsectors may grow more rapidly than others.” We then determine the
implications of the predicted growth in the various occupational classes for
expansion demand as regards each type of education. The regional forecasts
of expansion demand are based on these national forecasts. The expected
national changesinthe occupational and educational structure of employ-
mentare projected onto the professional and training structure of employ-
mentinthe region concerned.’
Dataontheregional employmentstructure are drawn from the Statistics
Netherlands Labour Force Survey. Forecasts are only made for occupational
groups or types of education with at least 2,500 persons (averaged over two
years) employed in the region in question. This restriction is set by Statistics
Netherlands to prevent the publication of figures from the Labour Force
Survey with confidenceintervals thatare too broad. Thus thisnumber can be
regarded as the minimum size of an occupational group or type of education
for which reliable regional labour market forecasts can be made.
Figure2illustrates the expansion demand model. The boxes are of various
colours: brown indicates the results (or interim results) from estimating the
national forecasting model; additional data required for forecasting regional
expansion demand are shown in orange; the results of the regional model
aredesignated in blue rectangles; and white rectangles with ablue frame
represent the final forecasting results of changesin provincial employment by
occupational group and type of education.
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The national employment forecasts by occupational group are produced
as follows.”3 Based on the cpB forecasts of employment by sector, atwo-step
modelis estimated to explain the occupational structure of the sectors. The
changesin employmentlevels by economicsector are first translated into
employment changes for 43 occupational segments usinga model with expla-
natory variables.' Changesin the employment structure are estimated on the
basis of the Labour Force Survey datafrom1988to2002. Asthe available time
seriesisrathershort, arandom coefficient model (Rcm) has been used. 'S

Replacement demand
The demand forlabouralsoincludes replacement demand, which arises when
workersretire, leave the labour force underan early retirement scheme or
owing to disability, withdraw from the labour market temporarily, switch to
another occupation etc. Replacementdemand only arises, however, if the
departure of anemployee actually leadsto avacancy foranew entrant; if itis
takenasan opportunity to cutemployment levels, no replacement demand
results. Thereisalsoanimportant difference between replacementdemand
by occupational class and by type of education, as occupational mobility
affectsreplacementdemand by occupational class but not by type of edu-
cation. Switching occupations has no effect on the educational structure of
employment. Onthe otherhand, when workers complete part-time studies
thatraise themto a higher level or give them different qualifications, thisin
factamountsto outflow to another educational category (type of education).
Inthis case replacementdemand does arise in the educational category in
which the worker’s previous education was classified.

The first step in modelling future replacement demand by occupational
groupisdescribing the inflow and outflow patterns by occupational group®
over ahistorical period. As suitable data on mobility flows on the labour mar-
ketis notavailable, stock datais used. Using the ‘cohort components’ method
we calculate cohort change rates based on the number of personsin the same
birth cohortwho were employed at two different times (see Shryock and
Siegel1980).

The second stepisto translate these inflow and outflow percentagesinto
replacement demand by occupational group. In the case of occupational
groupswithanincreasein employmentin the period (¢-1,¢), replacement
demand equals total net outflow over this period. In the case of occupational
groups thatsuffered a decreasein employment, on the other hand, notall
vacancies due to outflow will have been filled, hence replacement demand
inthese groups equals the number of vacancies that were actually refilled,
i.e. thetotalinflow of workersinto the group. A random coefficient model
is estimated, explaining the netinflow or outflow ratios on the basis of
(a) averageinflow or outflow from the total working population and
(b) occupation-specific deviations by age-sex group (see Willems1999).
Thisapproach guarantees that the sum of the netflowsamong the occupa-
tions corresponds to the total inflow or outflow.

The third step isto project the historically measured net replacement
demand rates by age-sex group for a particular occupational group onto the
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to determine thereplacement

demand by type of education.

age-sexstructure of the workers atthe beginning of the forecasting period.
The historically observed cohort change rates are also corrected for business
cycleeffectsand expected changesin participation rates (for details see
Willems and De Grip1993). Future replacement demand is determined in
the same way as historical replacementdemand. In the case of occupational
groups with an expectedincreasein employment, replacement demand
equals netoutflow. Inthe case of occupational groups where adecreasein
employmentis expected, replacement demand equals total netinflow.

Thereplacement demand for Gelderland (see next paragraph) is calculated
using Province of Gelderland official sources on the structure of the labour
force by genderand age. The corrections for changesin the participation
rateare also determined using these regional data. To forecast replacement
demand we use the sameinflow and outflow rates (by gender and age group,
and by occupation and education) as those estimated for the country asa
whole. Here we assume that these rates do not differ very much from one
region to another, asretirement schemes for industries or occupations, for
example, are often agreed at national level. The occupational structure of the
working populationisagain drawn from the Labour Force Survey. ARAS pro-
cedure (proportional fitting of atable to given marginal totals) is used to esti-
mate the matrix of occupation by age-sex group. Total regional replacement
demand by occupational group can be calculated by projecting the corrected
netinflow and outflow ratios onto this matrix.

Inflow of school-leavers onto the labour market
Forecasts of the flows of school-leavers entering the labour market match
the Reference Forecasts ('Referentieramingen’: see Ministry of Education,
Cultureand Science 2001) compiled by the Ministry of Education, Culture
andScience for coursesin the ‘regular’ (full-time initial) education system.
TheroA disaggregates these forecasts using supplementary data from
Statistics Netherlands education matrices and its own information on school-
leavers. Supplementary data from Statistics Netherlands are used to estimate
the effects of continuous (vocational) education on the flows entering the
labour market. The Reference Forecasts cover notonly pupils who leave
school with qualifications but also those who end their studies without a
school-leaving certificate. With the aid of education transition matrices these
preliminary school leavers are given the qualification of the previous school
from which they left.

Aforecastisalso made of the flow from post-initial education onto the
labour market. This flow indicates the effects of lifelong learning on the edu-
cational structure of the labour supply. Data on the inflow of ‘newcomers’
tothelabour market from post-initial education are taken from the Labour
Force Survey. Owingto data restrictions we assume that, in the forecasting
period, the proportion of workers with a particular educational background
who complete a post-initial training course that gives them another educatio-
nal backgroundisthe sameasin latest year for which data on participationin
post-initial training are available.

Forecasting regional labour market developments by occupation and education 126+

127



The national inflow of school-leavers with a particular type of education

onto the labour marketis distributed among the regions based on the shares
of workingyoungsters (under the age of 30) living in the various regions
(provinces of the Netherlands). By implicitly allowing for historical migration
flows of youngworkers between regions, we are able to forecast the inflow
of school-leavers onto the regional labour markets. Gaps between supply and
demand in particular labour segments within regions may change the direc-
tion of these migration flows, however.

Labour market gap indicator
By matching labour demand with labour supply we can construct an /ndicator
of the Future Labour Market situation (IFLm). Thisindicator of labour market
prospectsis constructed for each of the occupational groups and types of
education. If theindicator of future labour market recruitment problems for
employersis1, employers are not constrained by a limited supply of particular
typesof educationintheir recruitment. Theindicator represents the extent
towhichlabour supply meets labour demand in each occupational group, in
particular the likelihood thatemployers will be able to achieve the desired
educational mix of workforce in the occupational groups atthe end of the
forecasting period (see Cérversetal.2004). The smaller the indicator, the
larger the recruitment problems for employers. Theindicator of the future
labour market situation is translated into a ‘qualitative characterization’ of
expected future recruitment problems for employers on a 5-pointscale: none,
almost none, some, serious and very serious recruitment problems. A broad
qualitative characterization of this kind is adequate for various purposes,
including recruitment policies, labour market exchange, training policies and
vocational and educational counselling. It also obviates the problem of too
much significance being attached to exact numbers of shortages or surpluses.

Theforecasts and the labour market gap indicator (IFLM) give anindication
of which way labour flows between regions need to change so as smooth out
the discrepancies between labour supply and demand. Although the basic
regional labour market model does not take potential changesininterregional
mobility flows into account, these may beimportantasalabour market
adjustment mechanism. Local labour markets may be isolated, on the other
hand, by the presence of infrastructural barriers that prevent the free move-
mentof labour between regions: shortages of specific types of workersina
local labour market can persistif these barriers are too high.

Theregional labour market forecasting model applied
This paragraph presents the forecasting results for the Province of
Gelderland, one of the twelve provinces of the Netherlands. Gelderland
issituated inthe central and eastern part of the Netherlands, between the
centre of the Netherlands (the Province of Utrecht) and Germany. The capi-
tal city of Gelderland is Arnhem and otherimportant towns are Nijmegen
and Apeldoorn. The Gelderland labour force numbers about 845,000,12%
of the Dutch working population. Relative to the country asawhole, a high
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proportion of peoplein Gelderland work in the food and beverage industry,
the metal and electronicsindustry, the rubberand plastics industry and the
construction industry. A relatively small number of people are employedin
energy, chemicals and transport, storage and communications.

Forecasting results for the Province of Gelderland
Table1shows the forecasting results for eleven occupational classes over the
2003—2008 period (see ROA 2004). These eleven occupational classes are
aggregates of 127 occupational groups for which the most detailed forecasts
areavailable. The classification of occupational groupsis based on the 3-digit
International Standard Classification of Occupations (1sco). The forecasts
canvary significantly for different occupational groups within one occupatio-
nal class, in particular between occupational groups with (a) high and (b) low
joblevels.

Thetotal percentage of job openings during the five-year period from
200302008 is expected to be 20% of the total number of employed in 2002.
Note thattotal replacement demand is much higher than total expansion
demand.” Thelargestnumber of job openings as a percentage of occupatio-
nalemploymentin2o02isto be foundin publicsecurity and safety occupa-
tions, educational occupations and cultural occupations (e.g. interpreters,
library assistants, artists, clergymen and journalists). These last two occu-
pational classes also exhibit the largest replacement demand, whereas very
low replacementdemand is expectedin IcT occupations. These differences
inreplacementdemand relate strongly to differencesin age composition
between occupations. Rapidly growingemploymentin icT occupations has
beenattracting large numbers of young people, and expansion demandin
these occupationsis expected to be the largest of all the occupational classes.
Employmentinagricultural occupationsis expected to decrease even further
intheyearsto come, and expansion demand is also expected to be negative
intechnical and industrial occupations, transport occupations, socio-cultural
occupations (e.g. personnel officers, personnel managers, welfare workers,
researchers) and commercial and administrative occupations.

The comparison between labour supply and demand s reflected in the
Indicator of the Future Labour Market situation (IFLM). As already men-
tioned, theindicatoris setto its maximum value of 1if employers are not
constrained by limited supply of school-leavers with particular types of edu-
cation. The smallertheindicator, the larger the recruitment problems. It fol-
lows from Table 1thatemployers looking for graduates qualified to work as
teachersin the educational sector will be confronted with very serious
recruitment problems. The number of job openingsin these occupations,

caused mainly by replacement demand, cannot easily be refilled, as the inflow

of school- leaversinto educational occupationsis too low. In spite of the rela-
tively large number of job openingsin publicsecurity and safety occupations,
theinflow of school-leaversis large enough to prevent serious recruitment
problems foremployers. Employers may expect serious recruitment pro-
blemsin cultural occupationsand technical and industrial occupations, how-
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17. The outflow of workers from
aparticular occupational group
only contributes to the number of
jobopeningswhenthese workers
areactually replaced. Thusthe
replacementdemand model
accounts forjob openingsfore-
goneowingto an expected decline
inemployment. Inour model,
therefore, negative expansion
demand doesnotreducethe
numberofjob openings (see
Cérversetal.2004). Asaresultthe
number of jobopeningsonly
equalsthe sum of expansionand
replacementdemandinaparticu-
lar occupational classif expansion
demand is positive forall the occu-

pational groups within that class.
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ever:inthe case of the former, the number of job openings as a percentage of
occupational employmentis relatively large, as against average in the case of
thelatter. The recruitment problems in the technical and industrial occupa-
tionsin Gelderland are due mainly to the relatively low inflow of technically
trained school-leavers onto the labour market, and these problems are much
greater, onaverage, thanin other parts of the country. In the case of socio-
cultural occupations, on the other hand, the recruitment problems are much
smallerin Gelderland thanin the country asawhole.

Commuting flows and the inflow of school-leavers onto the regional

labour market
Oneway to reduce the mismatch between supply and demand in Gelderland
would be to change the commutingand migration flows. The supply of labour
from other (neighbouring) regional labour markets with fewer mismatches
between supply and demand could reduce the mismatches in specific occu-
pational groupsin Gelderland, e.g. the technical and industrial occupations
mentioned above. Table 2 gives some idea of the changes in commuting flows
and flows of school-leavers onto the regional labour market that would be
required to bridge the gap between labour supply and demand for the eleven
occupational classes. As the table shows, to solve the shortagesin educational
occupationsin Gelderland, incoming commuting flow would have toin-
crease by about170%. This does not seem very realistic, in particular given
thatemployers are expected to have serious recruitment problems in other
parts of the country. In the case of technical and industry occupations, on the
otherhand, anincrease of only 1% in theincoming commuting flow would
meet the expected excess demand in Gelderland. Furthermore, a14%
decreaseinin-commutersin socio-cultural occupations would help to solve
the serious recruitment problems expected in other parts of the country.

Changesintheinflow of school-leavers onto the labour market could also
reduce the mismatches between supply and demand on the regional labour
market. School-leavers could choose to workin other occupations, as school-
leaversin earlier cohorts used to, or could decide to work (and live) in other
regions with better labour market prospects. Asthe last column of Table 2
shows, the changesrequired in theinflow of school-leavers are smaller than
those required inincoming-commuting flows in the case of some occupa-
tions. In cultural occupations a22% increase in the inflow of school-leavers
from other regions would solve the recruitment problems of employersin this
occupational class, whereasin-commuting flows would have to increase by
40%to getthe sameresult.

Final remarks
The previous paragraph discussed the labour market forecasting model
developed by theroA, which goes beyond the scope of the traditional man-
power requirements approach. The model predicts mismatches between
labour supply and demand at regional level in the medium term. It covers
theregional labour marketas a whole with regard to detailed occupational
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Table1. Expected future expansion demand, replacementdemand, job openings, and

Indicator of Future Laboursituation (IFLM) by occupational class foremployersin 2008,

as percentage of occupational employmentin 2002

Occupational class Expansion
demand %
Gelderland
Educational occupations 10
Cultural occupations 9
Agricultural occupations -8
Technical andindustrial -3

occupations
Transportoccupations -3
Medical and paramedical 5
occupations
Commercialand admin. o
occupations
ICT occupations 1

Socio-cultural occupations -

Careandservice occupa- 6
tions

Publicsecurity and safety 7
occupations

TOTAL 1

Replacement Jobopenings IFLM Characteristic of expected

demand % % recruitmentproblemsin2008
Gelderland Gelderland Gelderland Gelderland Netherlands
21 32 0.89 Very serious Serious
18 28 0.90 Serious Some
18 18 0.96 Almostnone None
18 20 0.91 Serious Almostnone
13 15 0.96 Almostnone None
17 23 0.92 Some Serious
14 16 0.95 Almostnone Some
9 21 0.93 Some Some
15 18 0.95 Almostnone Serious
16 23 0.97 Almostnone None
25 34 0.92 Some Serious
16 20

Table 2 Changesin commuting flows (average 2000—2001) required to solve discrepancies

betweendemandand supply by occupational class, as a percentage of the forecast excess

demand (2003-2008) by occupational class, Gelderland

Occupational class

Educational occupations

Cultural occupations

Agricultural occupations

Technical and industrial occupations
Transportoccupations

Medical and paramedical occupations
Commercial and administrative occupations
ICT occupations

Socio-cultural occupations

Careandservice occupations

n.a.=not available due to too small numbers
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Incommuters Inflow Required change

of school-leavers %

172 169
40 22
-16 -3
1 1
n.a n.a
n.a. n.a
—48 -26
41 42
—14 -9
29 10
58 123
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groupsand types of education. When drawing up the regional labour market
forecasts an approach was chosenin which regional forecasts of employment
growth by sector, age composition and participation rates at regional level
andtheregional distribution of working youngsters with a particular type

of educationareimportantinputs. One advantage of this approach is that

it makes national and regional forecasting of the labour market consistent.
Anotheradvantageisthat, in spite of the data constraints, a fairly high level
of disaggregation by occupation and education can be achieved at regional
level. The forecasts by occupation and education can therefore be useful
both to policy-makers, who can use the regional forecasts ata more aggre-
gate level; individual employers, who may be interested in the future labour
market situation in particular occupational groups; and schools or youngsters
who may wantto know the labour market prospects for particular types of
education.

Ontheotherhand, theregion-specificdimensionsin the labour market
forecastingmodel of provinces are limited, as the forecasting draws heavily
on national employment trends by occupation and education, and on natio-
nal flow ratios of workersinand out of the labour force. We do not expect
trendsinthe occupational and skill mix in particular sectors, e.g. the increase
in white-collarjobs at the expense of blue collar jobs, and the upgrading of
skills, to differ very much between similar sectors across regions. Nor are
inflow- and outflow-rates by age group and gender due to e.qg. retirement,
motherhood or job mobility expected to differ much in similar occupational
groups across regions. Finally, the regional model does not really deal with
changesinthe geographical mobility of workers resulting from regional mis-
matches between supply and demand on the labour marketin the province
concerned and the neighbouring regions: how relevant these mobility flows
aredepends onwhethersimilar labour market segmentsin neighbouring
provinces areinterrelated, and thus to what extent labour market develop-
mentsin the particular region respond to mismatches between occupation
and education (‘gaps’) in other regions. Further research is required to incor-
porate these adjustment processesinto the regional forecasting model.
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THE PRIMOS MODEL FOR DEMOGRAPHIC DEVELOPMENTS.MODEL
DESCRIPTION AND APPLICATION TO FOUR HOUSING SCENARIOS
Michiel de Bok, Berry Blijie, Jan Brouwer & Hans Heida

Introduction
The demographic changesinterms of numbers of inhabitants, households
and household composition determine to a large extent the future demand
forhousing, education, medical services and such. Demographic projections
canbevery useful for policy makers, whether they have to deal with national
spatial policy or building programs at the municipality level. After all, detailed
demographicinformation on a detailed geographical level can be used to esti-
mate the demand for services forinstance the housing demand, the number of
primary schools, hospitals or retail facilities.

Overthe past1syears, the PRIMOS model has made a considerable empir-
ical contribution to policy research by making demographic projections, at
adetailed level of geographical scale (Heidaand Gordijn 1985). The model
has beenappliedin numerous population and housing market studies for the
national governmentas well as regional and local institutions. Examples of
the application of the model are the projections of the spatial claim for new
residential areasin the Fifth National Policy Document on Spatial Planning
(Ministry of Health, Spatial Planning and the Environment 2000) or recent
population projections (den Otter and Heida 2002a).

ThePrIMOSs-model generates demographic projections, accounting for
changesinthe personallifecycle or household situation by explicitly model-
lingdemographiceventsand accounting for regional variations in household
behaviour (Crommentuijn1997). Furthermore importantinteractions with
the housingand labour market are represented. A qualitative mismatch
between household developments and the housing market can first of all
lead tointra-regional migration (residential migration). To alarge extent
these movesaredriven by local housing supply. In other words: if housing
demand cannot be metinthe currentregion, households might decide to
search for suitable dwellingsin other regions. Secondly, the interaction
between employmentand population changeisaninstigator forinterreg-
ional migration (Heidaand Poulus1993; Crommentuijn and Heida1996).

In case of disequilibrium between employmentand labour force withina
region, interregional migration, commuting and change of workplace are
the equilibrating mechanisms to restore the regional work-supply balance.
PRIMOS determines the employment migration based on regional employ-
ment change.

This chapter first of all gives a general description of the PRIMOS model.
Additionally a case study illustrates the application of the PRIMOS model for
making national projections for housing productionin the period between
2002and2030. Finally, in the conclusion the possibilities and future develop-
ments of the model are discussed.

Theprimos model fordemographicdevelopments. Model descriptionand application to
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The model
Inthis chapter a general description is given for the demographic part of the
prRIMOS model. Additional background information on the model structure
and parameter estimation can be found in Heida (2003). The following topics
areaddressed successively: the general structure of the model, the demo-
graphic processes that are modelled, the way thatinterregional migration is
accounted forand the housing market implications.

General structure
PRIMOS hasamodularstructure each describing specific aspects of the
demographic developmentor housing marketand labour marketinteraction.
Globally, the following processes can be distinguished within the model:
demographicand household developments
regional migration
housing marketdynamics
housing production

Indescribing al these processes PRIMOS makes specificassumptions that will
be further explainedin the nextsections. The main geographical scalein the
modelisthe municipal level, although some processes are modelled at the
higher geographical scale of the region or the lower geographical scale of the
residential district (the local level). Long distance migration forinstance is
modelled at theinterregional level of 40 nodal regions (the so-called coroP
regions). Housing market choice within the region (dwelling type- and living
environment) is modelled atthe local level. The regional projections thatare
made within PRIMOS are consistent with the annual national demographic
estimation, made by Statistics Netherlands (sn).

Demographicand household developments

Demography
The national population projection made by Statistics Netherlands forms the
basis of the PRIMOS projection. Based on these national population projec-
tions, PRIMOS determines the national household development. In order to
arrive athis household projection, the national population, distinguished by
ageandsex, is further classified using the attribute ‘position in the house-
hold’. The changesinhousehold positions are partly caused by population
changessuchasbirth and death, and partly caused by household transitions
like leaving the parental home, starting to live together, getting divorced and
movingtoaninstitutional home. In order to assess the consequences of these
household dynamics, which, due to data limitations and small sample sizes,
canoftenonly be estimated at the national level for the housing market, an
algorithm was developed thatallocates the national changes to the level of
residential environments within municipalities. In this allocation the munici-
pal level plays acentral role. The allocationis made proportionally with the
‘risk’ population and offers the possibility to incorporate municipal diffe-
rencesinthe probabilities. Moreover, the probabilities of birth and death are
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dependenton household composition, and vary between regions. Therefore,
these so-called transition probabilities are derived from national statistics,
takingintoaccountregional differences.

Foreign migration
In order to take foreign migrationinto account, PRIMOS takes the national
population projection as astarting pointas well. The national projection gives
the annual immigration and emigration figures (including the net total of
administrative corrections) interms of age, sex and country of birth. A sepa-
rate sub-model within PrRIMOS distributes theseimmigratingand emigrating
households overthe regions and municipalities.

Thedistribution of the immigration over de municipalitiesis roughly in pro-
portion to the municipal housing supply and also takes into account municipal
attraction factors. Theseimmigration specific factors are estimated as the
extentin which the municipal sharein realised immigrationin recentyears
differsfrom her shareinthe housing supply. The municipal factors differ per
age group and (group of ) country of birth of theimmigrants.

Emigrantsare, in principle, divided over the municipalitiesin proportion
with the number of inhabitants. The basicassumption here is that munici-
palities generate emigrantsin proportion to their population. Furthermore,
similar to the procedure used forimmigration, municipal factors are derived
thatindicate to what extent the realised number of emigrants of a municipa-
lity (checked for the share of the population) deviates from the proportional
emigration figure.

Household development
The PrIMOSs modelalso has elements for which household changesare
notdirectly related to demographic changes and internal migration, such as
leaving home, co-habiting (including marriage) and breaking up (including
divorce). Figure1shows the demographic changes of households on the
rightside; the changesin household positions are shown on the left side.
Two remarks have to be made here. Birth does not only lead to more children
livingat home (the entries), but usually also to a change in the household of
the parents (from living together to living together with kids or from n kids
ton+1kids). Death of people living together leads also to a household change
forthe partnerthatis left behind. The events concerning the change of a
household position are (i) leaving home; (ii) starting to live together; and
(i) breaking up of people living together. These events are modelled by
means of transition functions that are age- and sex-specific. The national
household changesare, in principle, allocated to the municipalities in pro-
portion with the risk population. Municipal differences areincorporated by
weighing the risk population with individual parameters. These express
municipal differencesin, forexample, the age that children leave home, the
ratioin livingalone ortogether and the breaking up rate.

Theprimos model fordemographicdevelopments. Model description and application to 138+
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Relocation
In addition to the formation, the change and the dissolution of households,
theinter-municipal relocationisanimportant elementin the municipal
household development. Thisis relevantin terms of both quantity and quality.
Afterall, the numberof households that settle themselves can differ from the
number thatleavesand can have a differenthousehold composition from the
onesthatleave. Inthe presentversion of PRIMOS two types of moves are dis-
tinguished: interregional migration and housing market related relocations.

The firsttype, interregional migration, is triggered by motives concerning
the supply level of facilities (like employment, education or homes). For
instance, when the supply-demand ratio of labour within the region is larger
thanone, one can decide to out-migrate. To account for the stronginter-
dependency between employmentand employees (households) a module
has been developed thataccounts for these interdependencies (the coms|
module: see Heida and Poulus1993). The second type of relocation is related
with the housing market. These moves arise mainly from finding a (more pre-
ferred) accommodation within the region oraregion nearby. Theinterregio-
nal migration processesin PRIMOS are depictedin figure 2.

Housing market dynamics
For modelling the moves on the housing market a further geographical dif-
ferentiation is made atthe sub-municipal level of the residential district. This
differentiation is based on 13 types of distinctive residential environments. In
urban municipalities adistinctionis drawn between central urban plus, cen-
tralurban, urban pre-war, urban post-war compact, urban post-war property
tied, and green urban residential environments. In the other municipalities
the following environments are distinguished: central small urban, small
urban, green small urban, central village like, village like, rural accessible and
rural peripheral. With this classification the 489 considered municipalities are
dividedinto 1323 different spatial units.

Immigrants and interregional movers have to compete with intra-regional
movers, the latter group formed by starters (newly formed householdsin the
region) and existing households who search for another dwelling within the
region. For every household their housing preferences are expressedin terms
of the type of dwelling (single- or multi-family, tenure and price category)
and thetype of residential environment. A household’s preference depends
onthehouseholdsituation, age category, income category and currentliving
situation.

The housing demand thus formed is met by the available supply in the
region, which originates from new housing construction, and vacanciesas a
resultof householdsleaving the region, or moving up the housing ladder with-
intheregion, as well ashousehold dissolution. The match between demand
andsupply leads tointerregional and intraregional moves and these moves
inturn lead to adjustments of the municipal population and household situ-
ation. Supply and demand are matched on the housing marketin four cycles.
Demanders for dwellingsinample supply find ahomein the firstround, since
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Figure1. Demographicand household transitions (number of households, x1000),in 2004

Household development
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Living together, nokids
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kids (2090) - Toinstitutions (25)

Single parents (415)

Figure 2. Migration motivesand interregional migration
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thereare nosupply constraints. On the other hand, only a certain share of the
demanders forscarce available dwelling types find a suitable dwelling. Part
of these households who do notsucceed respond to this situation by delaying
theirhousingdemand: they try againin the next cycle orthe nextyear. The
otherhouseholds adjust their preferences and start searching foraless scarce
dwellingtypethatis close to their original preferences.

Housing production
If housing demand for a specific type of dwelling exceeds the available hou-
sing supply of thattype, then housing supply isanimportant constraint. This
will also have effects on local or regional household development, because it
is likely thata household will startlooking for the same type of dwellingina
different municipality or region. Furthermore, it can be assumed thathousing
productionitselfisinfluenced by regional housing demand. In other words,
based onthe population and household characteristics in a region, assump-
tions can be made about the desired number of dwellings by type, tenure and
price. Thewayin which the housingdemand and the housing production are
determined will be addressed laterin this section; first we will discuss how
theregional housing marketisincorporatedinthe model.

Ingeneral, the housingdemandinaregion corresponds to the number of
households; however, two adjustments have to be made. The first adjustment
isanincreaseinthe numberof householdsin need of adwellingasaresult
of the so-called urgent movers: people who are not forming ahousehold,
butwhoarein need of adwelling. This person hasto be 18 yearsorolder,
searching foradwelling foratleast half ayearand willing to directly accepta
suitable dwelling.

The second adjustment concerns a decrease of the number of households
in need of adwelling. This applies to households who livein a dwelling but
who moveto aninstitutional home, or startliving in with other people,
orsharingadwelling, etc. Italso applies to households who currently
liveininstitutional homes, or living with others, and notin urgent need
tomovetoaregulardwelling. The parameters to determine the housing
needsare derived from The National Housing Demand Survey (in Dutch:
Woningbehoefteonderzoek: wgo). Furthermore it has to be accounted for
that notallunoccupied dwellingsin the housing stock are available for sup-
ply. Examples are (vacant) dwellings not suited for living, second homes, etc.
Moreover, ina properly operating housing market a certain minimum per-
centage of dwellingsisvacantasaresult of the time required for transactions.
To determine the housing needs (the preferred housing stock) the number of
householdsin need of adwelling hasto be increased with the desirable (nor-
mative) vacancy. Apart from the desired future housing stock, an important
outcome of the projectionis also the amount of dwellings has to be built on
balanceinacertain period of time to meettheincrease in housing needs for
that period (the expansion need).

In previous versions of PRIMOS the housing production was modelled exo-
genous. [twas staticand based on existingand foreseen building programs
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and on historic trendsin housing production (Den Otter and Heida 2002b).
Recently itseemed desirable to apply a more dynamicapproachin modelling
the housing production. Thereforea moduleis beingdeveloped with the
objective to generate scenarios of housing production and land use trans-
formations atthelocal level. Inahousing scenarioitisassumed thathousing
production depends on the suitability of locations, the current land use, the
regional housingdemand and parameters that describe the spatial policy.
The housing production is calculated stepwise. In the first step the regional
housingdemand is derived from the household developments at the regional
level. Subsequently this regional demand s allocated to existing or future
residential districts according to a development potential in each of these
districts. This development potential is derived from various location charac-
teristics describing the suitability for housing production atthe location. The
high level of detail used in the computation of the development potentials
and the simulation of the real estate developments adds to the accuracy thatis
neededto predict future intensification of land use and the formation of new
residential areas. In the next step the local housing production can be used to
model household projections at the local level. Amore elaborate description
of the firststages of this approach can be found in De Bok et al. (2004).

Uncertainty margins in demographic projections

In combination with the most probable future development, PRIMOS also
calculates a bandwidth around these outcomes. Both the projection analysts
aswell as the policy makers havearole to play in this process. The projection
analysts give insightinto the uncertaintiesinvolvedin the projection, and the
policy makers have to decide which uncertainties they want to incorporate.
This means that even a projection with uncertainty margins has to be consid-
ered as conditional. However, some uncertainties are considered explicitly in
themodel. The PRIMOS projection accounts for the following uncertainties:

the population growth (fertility, life expectation and foreign migration)

the household composition development (the timing of leaving home,

the choice between livingalone or livingtogetheras aresult of leaving

home, breaking up and re-cohabiting)

forelderly people the choice between livingindependently or moving

intoahome fortheelderly

theregional distribution of the future employment growth and its impact

oninterregional migration

Apartfromatrend scenario, a highand alow variantis calculated for each of
these components. Thevalues for each of these variants are chosenin such
way thatitisassumed that with a certainty of 67 percent the future develop-
ment of this component will be within these boundaries. Next, the uncer-
tainty of the total projection is calculated using a combinatorial components
method.
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Case-Study: Four housing production projections
This chapter presentsa case study onthe demographicand housing pro-
duction projections for four long-term policy scenarios. These European
scenarios are being developed by the Dutch planning agencies (Mooijand
Tang2003; Van Egmond etal. 2004) and describe important demographic,
economic, environmental and social developments in the Netherlands for
the next decades. Theresults of the study will be used by the Netherlands
Environmental Assessment Agency (MNP) for their Sustainability Outlooks
(RIVM 2004). Within this projectinter-sectoral spatial claims (housing,
working, nature, water etc.) are allocated in mutual competition to forecast
future land use using the RuimteScanner (Scholten 2001). The preliminary
results of the analysis are discussed in this section asan example of the use of
demographic projections for housing productions estimates.

Assumptions
The original scenario assumptions were translated into regional demographic
and housing assumptions (de Jong2004). This resulted in a set of assumptions
forregionaland housing market developments as the basis for simulating the
household developments from 2000 to 2030. The main assumptions are listed
in Table1.

Production projections
Determining factorinthe housingdemand is the development of the number
of households. The Global Economy scenario has by far the largest growth
inthe number of households and therefore also largest housing production.
Figure3showsanincreaseinthe housing productioninthe nextdecade to
more than 120 thousand dwellings annually until 2020. This high production
isaresultofimmigration, the high level of individualisation and the strong
economicgrowth. Atthe end of the simulation period (2030) the housing
productionisbacktoits currentlevel: 8o thousand dwellings annually.
Strong Europe also shows anincreasein the production, mainly by the strong
individualisation, although theincreaseis only limited to 100 thousand dwel-
lingsayear. The scenario Transatlantic Market more or less levels the current
production. Economic growth and individualisation are moderate butimmi-
grationis low. Finally in the Regional Communities scenario the production is
expected todrop even moressignificantly and stabilises to annually 40 thou-
sand dwellings.

Diversity in residential environments and between regions
PRIMOS hastranslated the demographic, housing marketand regional
assumptionsinto local housing demand and housing production for each
scenario. Table2and 3 shows the diversity in the housing productionin each
scenario over the different residential environments and different regions.
The distributions of the housing production for the four scenarios show
relative large differences over residential environments and little variation
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Table 1. Regionaland housing market assumptionsin European scenarios

Global Economy

concentrationinthe westof the Netherlands
concentrationin citiesand around
infrastructure

residence near workplace, suburbanisation
by second dwelling

recreative use of rural area
housingdemand aimed aturban
environments

increasing segregation

selective market oriented restructuring
increase second dwellings

strongincrease home ownership

nodistinction publicand private rental sector

Transatlantic Market

concentrationinthe westof the Netherlands
suburbanisation ata distance from cities
monofunctional land use

private nature conservation

housingdemand aimed at green environments
strongincrease segregation

little restructuring

large share second dwellings

limited increase home ownership

selective publicrental sector

Strong Europe

convergence of regional growth
concentrationin cities and peripheral
districts

residing conveniently inand around
cities

large scale natural areas
housingdemand aimed atvillage
environments

nosegregation

strong restructuring by government
no second dwellings

limited increase home ownership

strong publicrental sector

Regional Communities

currentdistribution of regional growth
scattered distribution of urban developments
mixed land use

smallscale natural areas

minorincreasein qualitative housing demand
equal segregation

limited restructuring by government

no second dwellings

noincrease home ownership

weak publicrental sector

Table 2. Housing production between 2002 and 2030 over residential environments (%)

StrongEurope  Transatlantic Regional Global economy
market communities
Rural 10 17 18 9
Village 12 24 25 12
Green City 17 33 22 32
Peripheral Urban 35 13 21 6
City Centre 26 13 14 31
NETHERLANDS 100 100 100 100
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Table 3. Housing production between 2002and 2030 over national regions (%)

North
East
West
South

NETHERLANDS

Strong Europe

14
16

57
3

100

Transatlantic
market
15
15
60

10

100

Regional

communities

14
15
59
12

100

Globaleconomy

14
62

14

100

Figure 3. Developmentofthe housing production for four Europe Scenarios.
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Global Economy
Strong Europe
Transatlantic Model

Regional Communities

Figure 4. Regional housing production (dwellings) between 2002-2030in the Global

Economy scenario.

Source: MNP/ABF
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betweenregions. Inthe Global Economy scenario it was assumed that hous-
ingdemand would concentrate in more urbanised regions and the cities
within these regions. The simulation results therefore show a shiftin
housing production to the Western partand to urban residential environ-
ments. Almost one third of the housing production is facilitated in city centre
environments. The scenario Strong Europe assumesa more equal spread
over theregionsand within these regionsinand around the cities. The results
show alowershare of housing productionin region Westand in residential
environmentsin Peripheral Urban districts and the City Centre. The scenario
Transatlantic Marketassumes concentration of housingdemand in region
Westand withinthe region a more even distribution of demand over the
residential environments. This resultsina housing production share of 60 %
forregion West, but the share of housing production in urban environments
is relatively low. The emphasisis on housing production in areas with low
densities. This produces a relatively high spatial claim for new urban area.
The scenario Regional Communities assumes an equal distribution over
theregions and within the regions similar to the current distributions. The
outcomeisthereforeisa more equal spread overall regions and residential
environments.

Discussion of the results
The presented resultsin this contribution are still preliminary: the long-term
scenarios are still being discussed by the planning agencies and the housing
projectionmodulein PrRIMOS isstill under development. Besides the general
differences between the scenarios described in Tables 2and 3, more specific
outcomes can beanalysed. Asanillustration, theresults are presented in
Figure 4 atthelevel of the coroP regions forthe Global Economy scenario.
The left map describes the total housing production (size of pie-chart) and
distribution over residential environments (coloursin the pie-chart) over the
40 coroP regions. Theright map displays the housing production and the
distribution of housing production in existing urban districts and new urban
districts. From both mapsitcan be seen thatthe housing productionin the
Global Economy scenariois concentrated in the West of the Netherlands.
Variationsin shares of housing productions for the various residential envi-
ronments are also evident. These variations are a result of housing demand
developments within the region. One remark has to be made here, namely
the determining role of the availability of residential environments within a
region. Forinstance, aresidentinamainly rural region does not search for
adwellinginacity centre environment, if this residential environmentis
notavailable atall within the region. In this case the household migrates to
anotherregion.

The differentiation in the regional distribution between the scenarios is
modestand, although the direction of the developments seems plausible,
more regional differentiation can be expected. Therefore furtheranalysisin
the housing production developments, especially regional differentiation, is
necessary toimprove the housing production module. Animportant research
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topicis the regional differentiation and spill-over effects due to insufficient
development potential to meet the housing demand in the region.

Conclusions and observations
This chapter will be concluded with some general conclusions and obser-
vationsonthe PRIMOS model. We evaluate the usefulness of the model and
discuss future, possible or planned, improvements. These improvements
include an expansion of the number of household attributes, the introduction
of the so-called ‘Creative Class’ and the further development of the housing
production module.

Usage of the model
The PrRIMOS model makes projections of population and household devel-
opments. These projectionsare aresult of transition probabilities and are
calculated at the level of residential districts within the municipality. These
probabilities do not only describe demographic phenomena, like birth and
death, butalso changesinthe household type, like cohabitation, breaking up,
and leaving the parental house. Migrations between regions take place when
ahouseholdisnotableto find a suitable dwellinginits own municipality, or
whenitsearchesan environmentwith better opportunities for labour or for
using certain services. The empirical foundationis strong: transition proba-
bilities are derived from a longitudinal data set (the National Housing Survey)
covering the past twenty years.

The modular structure of the model offers flexibility toincorporate new
phenomenaorideasinthe model. This consistent structure for the modelling
of demographic changesleadstoahighlevel of transparency, whichis one of
the main reasons why the PRIMOs model has beenappliedin many policy stu-
dies. Applications range from long-term, national, demographic projections
forthe next4o yearsorso, to predictions for a municipality on the number of
kidsand elderly people to determine, respectively, the demand for primary
schoolingand the number of roomsininstitutional homes.

Future developments
The first addition to the model concerns an expansion of the household
characteristics. The current version of the model does not take into account
many relevant characteristics thatinfluence the movingand migration be-
haviour. Itisknown thataspects concerning socio-economic status, ethnical
background, lifecycle and lifestyle determine, more or less, ahousehold’s
preference for thetype of dwellingand residential environment. Theimpact
of the firsttwo characteristicsis relatively straightforward: they determine
whetherahousehold can pay the residential costs, the preference for resi-
dential environmentand dwelling type. Thelifecycle and lifestyle of the
household probably have aless obviousinfluence on the residential choice.
Toimprovethe PRIMOSs modelaselection of household attributes should be
included. Some of these are already implicitly incorporated in the model, like
the phase where a householdisin (e.g. single, living together with or without
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kids, divorced) and the age and sex of its members. Other aspects that can
beadded tothe household and/orits members are the level of education,
income, nationality, etc. However, itis very hard to gather this type of infor-
mation on a nationwide level of scale, which is necessary fora comprehensive
model likePRIMOS.

Currently much effortis putinto the further development of the presented
housing production module. First of all the empirical basis of the module is
enhanced. Forthis purpose historical land use changes are analysed in order
todetermine theindicators that describe the suitability of locations for
housing production. Furthermore Gis-routines are being developed to
analysevarious policy maps and translate these mapsinto policy restrictions
thatapply to a specific policy scenario. Theimplementation of an integrated
housing production moduleis also vital to adequately describe housing mar-
ket dynamics and residential migration. Afterall, if ahousehold cannot find a
suitable dwellinginits current municipality, itis forced to look in an adjacent
municipality. Itistherefore relevantfor PRIMOS what the future, municipal
building plans are since this will influence the composition of the municipality
interms of the type of households and their socio-economicsstatus. Yet, some
effortisnecessaryinorderto really understand the housing market dynamics
andimplementthe housing production module.

Inthe further developments of the PRIMOS model, it seemsinteresting to
make an empirical contribution to the ‘creative class’ concept, that recently
gained a considerableinterest. According to Richard Florida (2002), the
founder of the concept, the presence of astrong ‘creative class’ has adriving
effecton (regional) economic development. This creative class does not
necessarily include obvious creative jobs such as designers and artists, but
alsoemployeesintheicT sector, engineers, medical professions or teachers
(Marletand Van Woerkens 2004). Regional and local policy makers show
greatinterestin thistheory because they expecttoimprove the economic
developmentof theirregion oragglomeration by attractingastrong crea-
tivelabour force. Thisis already resultinginagrowing interest from citiesin
creating attractive livingenvironments that appeal to the creative class. In
other words: a municipality can attract these productive people by creating
ahousingsupply that meets their needs in terms of quantity and quality. The
detailed level at which population projections are produced makes PRIMOS
suitable to gain improved understanding of the location of the future creative
labour force.
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SOCIAL COST-BENEFIT ANALYSIS AND SPATIAL-ECONOMIC
MODELS IN THE NETHERLANDS
Arjan Heyma & Jan Oosterhaven

Introduction
Afterthe appearance of the so-called oEl-guide on social cost-benefit ana-
lysis (Eijgenraam etal. 2000), performing a cost-benefit analysis (cBA) has
becomean obligatory step in the decision-making process on all national
transportinfrastructureinvestmentsin the Netherlands. Like the comparable
UK report(SACTRA1999), the 0EI-guide advocates to seriously consider the
question whether or notthe indirect economic effects of improving trans-
portinfrastructure representadditional welfare effects on top of the direct
transport effects (time and cost savings) and the direct external effects (emis-
sions, noise, etc.). Of course, social cost-benefit analysis is not only relevant
forinfrastructure policy. Itisalso a useful evaluation tool for all other types of
spatial policy, such as physical planning, housing policy, environmental policy
and spatial economic policy.

The core complicationinall casesis that the direct cost and benefits of any
policy are passed on through markets to parties thatare not directly affected
by the policy measures athand. This generates two major analytical complica-
tions. First, during this process cost and benefits may increase or decreasein
size, dueto economies of scale and all kind of marketimperfections. Second,
during that process cost and benefits may be passed on or flown in across
regional or national borders. Thus, the net total regional or net total national
welfare effect may well be smaller or larger than the direct net effect for the
region or nation at hand. Obviously, the only way to handle these complica-
tionsin asystematic manner, without running the risk of double counting or
undercounting additional welfare effects, is by means of spatial economic
modelling.

In this contribution we discuss thisissue at two levels. First, we discuss
the essence of social cBA asa policy evaluationtool, and indicate the nature
of the complication on different markets. In doing so, we use transportinfra-
structure asan example and discuss the land marketin somewhat more
detail. Second, we give an overview of whetherand how well a series of
Dutch spatial models are dealing with these complications, per type of mar-
ket. Thereagain, transportinfrastructureis used as an example of a spatial
policy intervention, butthe emphasisin the discussion of the models will be
ontheir treatmentof productand labour marketimperfections, as the land
marketisabsentin most of the models. Further details on bothissues can be
foundinthe update on the indirect effects’ chapter of the o ei-guide (Elhorst
etal.2004)."Inthe concluding section, some thought is given to problems
thatarise when different models are combined to capture the full array of
effects.

Social cost-benefitanalysisand spatial-economic modelsin the Netherlands
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Complications of social cost-benefitanalysis per market

Advantages, disadvantages, and partial versus integral CBA
The mostimportant general feature of social cBA isits chosen policy goal:
the aggregate welfare of a group of citizens, usually the inhabitants of a cer-
tainregion or country. This means thatall kind of intermediate policy goals,
suchasfighting regional unemployment orimproving the quality of the built
environment, are only treated implicitly in as far as they improve the welfare
of the designated group of citizens. The mostimportanttechnical feature
of social cBA isthe way in which the change in welfare is measured, namely
astheaggregate willingness to pay (WTp) for the effects of a certain policy
intervention. Measuringthe wTp is relatively simple when changesin the
provision of market goods to consumers are analysed. Thenthe so-called rule
of half canbe used: the change in the market price is multiplied by the aver-
age of the old and the new quantity consumed: %2 (Poew —Pors) (Qoig + Qnew)-
However, whenitis the provision of public goods that changes or when the
external effects of the production and consumption of both private and public
goods change, measuringthe w TP may be complicated.

Theadvantage of social cBA isits use of onessingle criterion (the aggregate
welfare change) that summarises the relative attractiveness of different
policy options, as opposed to the multitude of criteria that have to be weight-
ed somehow in the case of multi-criteria analysis.? The aggregate welfare of
citizens, according to many, ought to be the single leading criterion for public
policy, instead of the often-conflicting lower level policy goals of separate
governmentdepartments. The disadvantage of social cBA relates to the fact
that measuring the welfare effect of changesin non-market goods by means
of themonetary wTP (1) is something thatis difficult to comprehend by non-
specialistsand (2) using one single aggregate criterion implies that changes
inthe distribution of the aggregate welfare over the designated citizens are
disregarded. To neutralise the first disadvantage, the oel-update on the pres-
entation of cgA results (Koopmans 2004) advocates presenting the welfare
effects for non-market goods alsoin non-monetary physical terms, such as
intons of co,, number of jobs and acres of land lost. To neutralise the second
disadvantage, the oe1-update on distribution effects (Avv 2004) advocates
toalso present the distribution of the welfare effects over different groups of
citizens, if thatis considered important.

Technically more complicated is the way in which all the welfare effects of
evenaseemingly simple policy measure, like a new road, may be measured
inthe first place. Individual citizens are often affected in many different ways
along many different causal chains. cBA evaluation would be far simpler if this
measurement could be restricted to the first order direct effects of a policy
measure. Luckily thisis possible when two conditions are met. When all mar-
kets are working perfectly and when there are no border-crossing effects,
the passing on of the direct welfare effects to non-involved other actors will
only change the distribution but not the size of the aggregate welfare effect.
Thus, when these two conditions are met, a social CBA may be restricted to
measuring the welfare effects only with the directly affected actors. Sucha
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2.Infact, thereare two criteria,
the net present value that gives an
absolute measure for comparing
competingsolutions forthe same
problem, and the rate of return
thatgivearelative measure for
comparing non-competing
policy measures (cf. Elhorstand
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cost-benefitanalysisis called apartial cBA, as opposed to anintegral cBA that
takes all ramifications through all different kinds of marketsinto account.
Unfortunately, most markets do not work perfectly. Moreover, especially
whenssizeableinfrastructure projects are considered, border-crossing effects
areunavoidable. In fact, such effects may even be aimed at, as bordercros-
sing effects do not need to be negative. They may also be positive dueto an
increased competitive position of domestic firms or an increased locational
attractiveness of domestic regions. Below we will briefly discuss the nature of
the mostimportant marketimperfections, in general and specific per market.

Market imperfections in general
Markets may beimperfect for different reasons. Firstand foremost, actors on
all markets usually take their own private costand benefits into account but
disregard the external cost and benefits caused with otheractors. The conse-
quenceisagap between private and social cost and benefits. Naturally, these
external effects have to be takeninto accountwhen asocial cBA isdone, and
haveto beaddedin full tothe direct effects. Second, the market price may be
unequal to the private cost on the supply side, or unequal to the private benefits
onthedemandside. Such adifference may have several causes. Subsidies and
taxes may cause a gap between the market price and private cost or benefits.
Market power also may cause this gap.

Figures1a—cshow how thedirecttransport benefits, generated by the
widening of a certain road, may cause additional welfare effects on compet-
ingtransport markets because of marketimperfections. In figure1a, the road
capacity enlargementleads to a reductionin congestion and thus to a reduc-
tion in the average social cost (Ac) thatequals the marginal private cost of
using the road. Car users will compare this with their marginal private benefits
(mB), which equal the demand for road usage. The large orange trapezium
shows the total direct benefits. The little orange triangle indicates the part of
thisincrease thataccruesto new car trips. Naturally this modal shift results in
areduction of demand for other types of transport. If the other transport mar-
kets work perfectly, the orange triangle measures the full welfare change of
these modal shifters, and the total welfare change could simply be measured
by using the rule of half on the directly affected road market. 3

Buttransport markets do not work perfectly. Figure 1b shows how the pre-
senceof asubsidy (on bus services) may lead to additional welfare effects on
top of the direct effectin Figure1a. If the price and average cost of bus servi-
cesdonotchange, areductionindemand will lead to a reduction of the subsi-
dies neededto fill the gap between priceand Ac. This reduction of subsidies,
equal tothe orangerectanglein Figure1b, represents anindirect additional
benefit of the road widening. Figure 1c shows how the presence of econo-
mies of scale (in rail services) may lead to another additional welfare effect.
Thereitisassumed thatthe rail operatoris requiredto setits price equal to its
average cost, which secures a zero monopoly profit. In that case, a reduction
indemand will lead to fewer economies of scale (i.e. higher Ac) and conse-
quently higher prices (P, = P,). These higher average costs for the remaining
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rail services, indicated by the orange rectangle, represent anindirect additio-
nal cost of the road widening.

Product market imperfections, agglomeration economies and

knowledge spillovers
On product markets, product-specific taxes and subsidies also distort prices,
asinFigure1b. Moreover, on many product markets, economies of scale lead
to market power that mostly is not requlated, like in Figure 1c. In unrequlated
monopolies oroligopolies, changesin monopoly profits again represent addi-
tional welfare effects, nextto changesin economies of scale (see Rouwendal
2001). Finally, monopolistic competition potentially induces yet another kind
of additional welfare effect. In the standard Dixit-Stiglitz (1977) model of
monopolistic competition, competition drives down the price to the average
costand monopoly profits to zero, but product differentiation (e.g. different
brands) still allows producers the market power needed to set their prices
above marginal cost. New transportinfrastructure and consequently lower
transport cost, in that model, allows firms to spatially extend their markets by
exploiting theireconomies of scale. For consumers this leads to alarger vari-
ety of supply that represents an additional welfare effect (Rouwendal 2001).
The Dixit-Stiglitzmodel of monopolistic competition provides the theoretical
core of the so-called ‘new economic geography’ models (see Krugman1991;
Fujita, Krugman & Venables1999).

When spatial economic models cover all of the above imperfections, the
question may arise whether or not the spatial agglomeration of economic
activity represents a separate additional welfare effect. The literature dis-
tinguishes localisation economies that relate to separate industries, from
urbanisation economies that relate to all economic activity. Furthermore, it
distinguishes Marschall-Arrow-Romer cluster economies that are stimulated
by local monopolies, from Porter cluster economies that are stimulated by
local industrial competition, from Jacobs urbanisation economies that are sti-
mulated by knowledge spillovers between differentindustries (see van Oort
2004, foran overview). If any kind of policy intervention stimulates spatial
agglomeration, the core question is whether or not the economies or disecon-
omies of agglomeration are passed on through markets or outside of them.

If the (dis)economies are passed on through (higher)lower prices, the
agglomeration effects will only produce additional welfare if the markets at
hand workimperfectly, asindicated above. When all markets work perfectly,
adding passed on external cluster and agglomeration economies to internal
economies of scale atthe firm level would imply double counting the same
effects. Mostknowledge spillovers, for example, are either passed on as part
of regular customer/supplier relations or by people moving from one firm
toanother. Insuch cases, the market price or the wage paid accounts for the
knowledge passed on. Only when knowledge is passed on outside market
transactions for free, for example during informal meetings, a truly external
effectoccursthathasto beaddedin full to the direct effect of the policy inter-
ventionathand. Inall other cases, adding them as a separate effect would
simply imply double counting them.
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Figure1. Example of direct benefits on one market and additional benefits on other markets

1a. Widening of a road

mB = Demand

AC

Car trips

1b. Effects on bus market

mB = Demand

AC

Pa=Po

Bus trips

1c. Effects on rail market

mB = Demand

Po
Pn

Rail trips
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Labour market imperfections in prices and quantities
Of all markets, the labour market is probably, and in the Netherlands defi-
nitely, the mostimperfect one: first at the national level and even more so
attheregional level. Atthe national level thereis alarge gap between the
gross wage cost for the employer and the net wage for the employee, which
reduces both the demand and the supply of labour. Social security and all kind
of other benefits, raise the minimum wage against which people are willing
tosupply labour (the reservation wage). The consequenceisa considerable
amount of inactivity, both registered as official unemploymentand hidden
inlow participation rates. Finally, most wages are nationally setin bilateral
negotiations between labourand employer unionsand declared binding.
Consequently, wages only react to national unemployment changes, only
with delay, and hardly ina downward direction. At the regional level, the
immobility of lower educated labour in particular, and inflexibility of wages
with regard to regional unemployment and inactivity, aggravates these
national imperfections.

Asspatial policy per definition affects some regions more than others,
spatial models first need to specify the first order impacts on regional labour
supply and demand, and second to specify the reactions of regional supply,
demand and wages (if any) to these changes. The result needs to be a pre-
diction of the change in regional matching of supply and demand in terms of
unemployment, vacancies, commuting and migration. Summed over regions,
eitheranational increase or a national decrease in employment, unem-
ployment, productivity and related taxes and benefits will result. These net
national changesthen have to be valuedin the usual way of willingness to pay
while avoiding double counting the direct effects (see Eijgenraam et al. 2000;
Elhorstetal.2004).

Onetypeofimpactisespeciallyimportantinthe case of transportinfra-
structureinvestments, namely the reduction of commuting cost. A reduction
inthese costs will increase the spatial range of all affected labour markets.
This may have two types of effects. First, supply and demand may find a bet-
ter qualitative match in terms of education, profession, experience etc. These
benefits will be especially relevant for more differentiated, scarce types of
labour. Second, the quantitative match may also improve wheninactive people
would be willingto commute and search for jobs over longer distances. These
benefitsare more likely to beimportant for lower educated labour. However,
only that part of the matching benefits thatis notalready reckoned with in the
employee’scommutingand employer’s hiring decision has to be added to the
directcommuter benefits measured on the transport market. The extrabene-
fitis estimated at about 25% of the direct commuting benefits (see Elhorst et
al.2004).

Land market: zoning restrictions and subsidies
Like the labour market, at leastin the Netherlands, the land marketis also
heavily requlated, butin adifferentmanner. Prices, especially in the owner-
occupied housing marketand in the real estate office market, are rather flexi-
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bleand may well be modelled such that they clear these markets, whereas
wagesin general do not clear the labour market.

Notwithstanding their flexibility, land prices are distorted by all kind of
subsidies, which may well lead to additional welfare effects. Location spe-
cificsubsidies are directly relevantin the market of industrial real estate and
inthe rental housing market. Several general subsidiesinfluence pricesin
rental housing markets both directly, and indirectly in the case of individual
rentsubsidies. Inthe owner-occupied housing market, prices are mainly
influenced indirectly because of the tax deductibility of mortgage interest
payments. Including all these price distortions in a spatial model of the land
marketis notan easy task, whichis probably why itis hardly donein practice.

Beside price distortions, spatial planning restrictions (zoning) are often
thoughtto distortthe land marketas well, but this does not need to be the
case. Zoning basically should be viewed as an attempt, beitanimperfectone
(seecPB1999), to correct for the external effects of specific types of land-
use for non-users. Unregulated land-use would lead to too much land getting
occupied by urban functionsand too little by agriculture and nature, as urban
landownersand users do not take the welfare loss of the former non-paying
users of agricultural land and nature into account. If zoning would perfectly
reflectthe external costs of urban land-use, itwouldin factinternalise these
external costs, and the land market would work perfectly (except forall sub-
sidies). Additional welfare effects would only occur in as far as zoning is not
perfect, whichislikely given its slow reaction time.

Figures2a-billustrate the above argument with more precision, in more
detail. Itassumes optimal zoning restrictionsin the base situation (the bold
zRr lines), with optimal land pricesinarural region (P;,) and an urban region
(Pyo) bothin Figure 2a, and a third region (P, in Figure 2b. The land price
intheurban regionissignificantly higher than thatinthe rural region. The
reason isthatthe external effects drive the marginal social cost of urban land-
use (Msc) much more above the marginal private development cost (Mpc)
inurbanareaswhere greenisscarcer, thanin rural areas where greenis more
abundant.

InFigure 2a, urban developmentis allowed by extending the zoning res-
triction in both regions (zr <). Asa consequence, urban land prices will
declinealittle to P,and Py, and landowners will reap a profit equal to the two
orangetrapeziums. Panel A clearly shows that project developmentin urban
areasis much more attractive, but the profits only represent a transfer of wel-
fare from the former non-paying users of thatland to the (speculative) land-
owners. Therefore, these profits do not representanincrease in aggregate
welfare. In fact, aggregate welfare reduces with the size of the two brown
triangles, astheamountof urbanland, isassumingly increased to
asub-optimally large size.

Figure 2bshows theindirect effects of these two projectsinathird region.
Demand there will decrease and land prices will also decrease. Existing land-
ownerswill experience afinancial loss equal to the orange rectangle (inclu-
sive of the brown triangle), but again this only represents a transfer, now
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from the present ownersto (future) private users. It represents no change in
aggregate welfare. Aggregate welfare changes for a differentreason, astoo
much land remains zoned for urban use compared to the now lower marginal
private benefits (MPB). Asurban land-use can only be returned to non-urban
land-use at considerable cost, simply limiting the amount of land zoned for
urbanland-usetothe new optimum cannot take this negative welfare effect
away.

Of course, the case described in Figure 2is very specific, butitillustrates
the complex task of modelling the impact of zoningin such a way that the
model outcomes can be usedinasocial cBA. Moreover, it shows that private
profits of landowners and developers need to be corrected for the increase in
the external cost of urban land-use. When zoning restrictions are considered
more or less optimal, italso shows thatactual land prices may be used as a
proxy forthe external cost of less green (e.g. Elhorstetal. 1999). As men-
tioned earlier, the direct and indirect effects on (land and housing) subsidies
should be takeninto account.

International effects and macro-economic feedbacks
Especially when large line transportinfrastructureis considered, both directly
andindirectly, time and cost benefits may accrue to foreign firms and citizens.
This will resultin adownward correction of the direct transport benefits.

And, especially when large point infrastructure is considered, there may
also be flow-on effects of increased foreign investment. This will require an
upward correction of the direct transport benefits. Spatial economic models
preferably should be able to capture both types of effects to be useful for
social cBA.

When allindirect regional effects are summed, the net national indirect
effect either may or may not be estimated correctly. This mainly depends on
the question whether macro-economic feedbacks that only work at the natio-
nal level areincorporated. Two sequential effects that mainly operate at the
national level are of primeimportance. When spatial policy interventions lead
toanetnational increaseinthe demand for labour, national bilateral wage
negotiations will produce higher wagesin all regions, which will resultin cost
and priceincreases for products fromall regions. This will resultin a decrease
of exports, anincrease of competingimports, and asubsequent decreasein
labourdemand inall regions, which will reduce the pressure on wages. When
these feedbacks are absent, spatial economic models will produce an overes-
timation of the (international) benefits (Eijgenraam 1995).

Spatial models
We will discuss whether and how well existing Dutch spatial modelsincor-
porate the complications discussed above. If a model of the affected markets
andregions contains a measure of consumer welfare, and explicitly accounts
fortherelevant marketimperfectionsand cross-border effects, a correct
estimate of the total of the welfare effects of a spatial policy intervention may
be derived. Still we can pose the question why we need models to attain this.
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Figure 2. Zoning restrictions and profitversus welfare effects on land markets
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Why not use a qualitative assessment of the way in which the direct policy
effectsare passed onand then estimate the mostimportant additional effects
inanadhocfashion?

The answeristhat models, as opposed to non-structural approaches, clarify
the way in which effects are passed on, accounting for interactions and feed-
backs between the affected markets and regions. Thus, both double counting
and undercountingindirect effects can be avoided much easier. In addition,
estimating the distribution of the welfare effects across different groups of
citizens, and estimating the indirect external effects of production and con-
sumptionin differentregions, also requires a systematicand consistent esti-
mation of indirect effects. A disadvantage of models compared to non-struc-
tural approachesis that the extent to which different markets can beincluded,
along with theirimperfectionsand cross-border effects, is necessarily limited
dueto restrictions with regard to computational and data requirements.

Here we will look at the extent and quality of the way in which existing Dutch
spatial modelsincorporate and forecastindirect effects and additional wel-
fare effects. First, we look at differencesin spatial model approaches. We
assess how marketimperfectionsareincorporatedin these models. Then,
we assess the quality of the modelsin terms of economic theory, plausibility
of theassumptions, empirical validation and scope of application. Finally, we
identify which model extensions and improvements are desirable.

Transport models
To measure directeffects of new transportinfrastructure, spatial transport
models are available that mainly focus on the distribution of transport demand
overtheavailabletransport network. Changesin the available transport
infrastructure may lead to changesin transport costs, which are the first order
directeffects. Changesintransport costthen affect production, labour sup-
plyandlabour demand, and the demand for land and real estate, which in
turnlead to changesintransportdemand. The effect ontransport cost of this
changeintransportdemandisasecond order feedback effect that canalso
be assessed by spatial transport models. Since most spatial transport models
are notintegrated into spatial economic models, the firstand second order
effects can only be calculated in separate model runs. Full feedback effects
aretherefore nottakenintoaccount.

The main Dutch regional transport models are the National Model System
(Lms) for passengertransport (see www.rand.org/randeurope/) and the
Strategic Model for Integral Logistics and Evaluation (smiLE) for freight
transport (see www.inro.tno.nl).

Spatial models that focus on product markets
Quasi production function models estimate regional production asa function
of traditional production factors, like capital, labour, land and intermediate
inputs, and anumber of additional factors, like infrastructure, transport cost
and accessibility. The direct effects of new transportinfrastructure in terms of
increased accessibility oradecrease in transport cost are then translated into
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changesin regional production. The problematicassumption for these types
of models s that regions with comparable amounts of traditional production
factors, but with better accessibility, show higher production levels. Since
therelation between accessibility and economic activity runs both ways, the
econometric estimation of the quasi production function can be problem-
atic (see Sturm1998). Assuming fixed macro-economic growth solves this
problem, butimplies that the model can no longer estimate the generative
effects of transportinfrastructure, i.e.anincreasein production, butcan only
estimate the distributional effects. This makes this type of model less suited
for estimating additional welfare effects, but very suitable for estimating the
distribution of the indirect effects over differentregions. The best example of
aDutch quasi production function modelisREGINA, which stands for Spatial
Economic Growth Indication model (see www.tno.nl).

Simple regional input-output models explain regional production levels
persector by endogenousintermediate outputand exogenous final demand
of consumers, the publicsector, private investments and regional exports
(Leontief1966). In more advanced interregional input-output models, con-
sumer demand from other regions as well asintermediate exports to other
regionsaretreated asendogenous (Oosterhaven1981). This way, interac-
tions between regions and sectors thatdepend on accessibility and transport
costare modelled more explicitly thanin quasi production function models,
leading to morerealistic distributional effects of transportinfrastructure
investments. However, traditional input-output models only account for
backward effects onsuppliersand service providers. Hence, these models
are notsuited for assessing the forward effects of changesin transport prices
on pricesin other markets and are therefore unable to estimate generative
effects. Adding forward effects exogenously without fundamentally modify-
ing the standard model, leads to double counting of effects.

Inthe Netherlands, two models are available that do this, though in dif-
ferentways. TheREMI-NEI model extends theinterregional input-output
modelin a quantitative manner, inter alia by making interregional trade coef-
ficients dependentontransport cost (see Van Bork and Treyz2004; Ecorys-
NEI2004), while the Economiclmpact Study (E1s®) extends the input-output
modelin a qualitative manner by adding project-specific survey information
(seewww.policyresearch.nl). The REMI-NEI model hasarecursive structure,
which leadsto moving averages, resultingin adynamicinstead of a compar-
ative static process. Asaresult, itdoes not show equilibrium situations and
in addition hardly accounts for marketimperfections. Therefore, additional
welfare effects do not follow directly from these interregional input-output
models, and must be estimated separately.

General equilibrium models
Spatial general equilibrium models are comparative static models of inter-
regional trade and location choices, based on the micro-economictheory of
utility and profit maximising agentsin the economy. Therefore, additional
welfare effects follow directly from these models. In addition, the equilibri-
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um framework enables the easy inclusion of marketimperfections and feed-
back mechanisms between markets that can be compared to a base situation
in equilibrium. The disadvantage is that time-paths are absentin the model
and that markets which do not clear need additional assumptions. Another
disadvantage is that additional welfare effects cannot easily be separated
from the total welfare effectsin the model’s output (see Oosterhaven and
Knaap2003).

For the Netherlands, the Spatial General Equilibrium Model (RAEM) isthe
only model of thiskind (see Thissen 2004). Like the quasi production function
modelandinterregional input-output models treated above, RAEM is mainly
directed towardsindirect effectsin terms of productionand toalesser extent
towards labour markets, although this has been adjusted in the latest version
of themodel (RAEM-2). Still the model hardly treats effects that are passed on
through the housing market or through real estate markets.

Land-use/transport interaction models
Land-use/transportinteraction (LUT1) models try to solve the land market
deficiency in most spatial models by linking transport models to land-use
orlocation choice models. These models generally use system dynamics to
analysetheinteraction between transportand the location of production
and households (labour supply). They have become very detailed in terms
of regions, types of households, sectors, transport modes and transport
motives, and are therefore well suited for the estimation of distributional
effects (see Oosterhaven and Knaap 2003, for further discussion and com-
parison with spatial equilibrium models).

Two very different types of LuTI models exist for the Netherlands. First,
thereisthe TransportInfrastructure Land-use Interaction Simulation model
(T1GRIS XL), which focuses on location choices by companies and households
thatare based ontherelative attractiveness of regions, which is determined
by the supply of infrastructure and transport cost (see Rand Europe et al.
2003). The model assumes a certain economic growth and labour demand
growth andis more suited for estimating distributional effects than genera-
tive effects, although ittakes a number of marketimperfectionsinto account.
The second type of land-use /transportinteraction modelis MoBILEC, which
stands for Mobility and Economy. Based on regional investments, which
depend onthe attractiveness of regions, the regional production and employ-
ment are adjusted the next period (see Van de Vooren 2004). This model is
better suited for estimating generative effects. However, marketimperfec-
tions thatwould lead to additional welfare effects are hardly accounted forin
the model.

Regional labour market models
The other Dutch spatial economic models that are available for estimating
indirect effectsall focus on labour markets, which areimportant as most mar-
ketimperfections may be expected to occur there. Examples are the Regional
Labour Market Model (RAm) and the Commuting Location Model.RAM
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aims at the estimation of the regional distribution of population and employ-
ment, accounting for their mutual influence (see Verkade and Vermeulen
2004). Labour participation, commuting and unemployment are linked to the
regional distribution of economicactivity. National economic development,
however, is taken as given. Therefore, also the RAm model is mainly suited
forthe calculation of distributive effects rather than generative effects. The
sameistrue forthe Commuter Location Model, which specifically aims at the
residential location choice (migration) of the working population (see Elhorst
and Oosterhaven 2004). Itisa partial model that can be used in addition to
other spatial economic models. This can only be done correctly when special
attentionis paid to the danger of double counting the welfare effects of spa-
tial policy interventions.

Market imperfections and international effects in spatial models
To assess the extent to which Dutch spatial economic models account for mar-
ketimperfectionsand international effects, we give an overview of whether
and how these effectsare handled in Table 1. The following imperfections
and effectsare covered:
price # marginal cost on product markets, both asa result of taxation
andsubsidies, and as a result of economic profitsand lossesin non-
competitive markets
economies of scalein production, both internal and passed on from other
firms, i.e. clustereconomies and agglomeration economies
product differentiation thatimproves the quality of the match between
the demand and supply of goods
the qualitative matching of labour, which may improve as a result of
changesin thesize of the accessible labour market (spatial range of the
labour market)
the quantitative matching of labour, which may improve as a result of -
changesinthe supply of labour (spatial range of labour supply)
limited demand-to-supply matching as a result of wage rigidities and
immobility of labour demand and supply across regions
knowledge and innovation spillovers between economic agents outside
market transactions. although spillovers are external effects, they
primarily take place between companiesand are thereforeincludedin
this overview
international relocation of production and labour (in adirectsense)
macro-economic feedbacks frominternational relocation and domestic
generative effects
land market zoning restrictions and industrial site subsidies for
companies
land market zoning restrictionsand land and housing subsidies for
households
If these marketimperfections and international effects are notincorporated,
the model outcomes may still enable the calculation of the additional welfare
effects that resultfrom them (indicated by +). For example, starting with
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the changesin employmentby region that follow from a certain model, the
changeintheamountof unemployment benefits that follows may be calcula-
ted outside the model, enabling the estimation of related additional welfare
effects. If marketimperfectionsandinternational effectsareincorporatedin
the spatial model, this may either be donein an ad hoc manner (indicated by
++) orinatheoretically ideal manner (indicated by +++). Below we explain
thescoresin Table1for each of the models.

Product market imperfections, agglomeration economies and

knowledge spillovers
Additional welfare effects of marketimperfections in product markets can
be derived from most of the models that explicitly model product markets,
either by a quasi production function, aninput-output model or an equi-
librium approach. In most cases, the additional welfare effects from non-
perfect competition (profits or losses) can be derived outside the spatial
models from the production levels persector. RAEM-2 is the only model that
explicitly models monopolistic competition, following the Dixit-Stiglitz
(1977) approach. Itdoes so for 14 distinguished product markets. In addition,
markets disturbances that result from product-specific taxation or subsidies
canbeadded ex posttoall these models.

The level of competitionin product markets also determines the level of
economiesof scalein RAEM-2. In most other models, economies of scale are
setequaltoagglomeration economies, whichin general are modelled asan
effect of the proximity to other economicactivities. Product differentiation is
only explicitly modelledin REMI-NEI and RAEM-2 by using a variable number
of productsinseveral markets. Additional welfare effects thatare the result of
anincreasein product differentiation cannot be derived in any other way.
Knowledge and innovation spillovers are not treated in any of the Dutch spa-
tial models. The fact that these spillovers occur outside market transactions,
and thereforeshould be considered as external effects, may be areason for
this. Extensions of the models in this direction are desirable to account for
these spilloversinsocial cBA's of spatial policy interventions.

Labour market imperfections in prices and quantities
The extent to which labour market rigidities are modelled varies largely
between the models. RAEM-2 shows theoretically the most appropriate way
in modellingimperfections on the labour market by linking commuting and
migration to transport costand by explicitly modelling taxes and unemploy-
ment benefits. Thus, the regional match between supply and demand is made
explicit, as well as the consequencesin terms of taxes and unemployment
benefits. Since RAEM-2does not distinguish between educational levels, the
welfare effects of the qualitative match of labour are not taken directly into
account.

The REMI-NEImodelalsoscores relatively wellin enabling the estimation
of additional welfare effects, butitdoes not explicitly model labour market
rigidities. However, by accounting for an adaptation process of wages, among
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Table1. Spatial models pertype of marketimperfection

Production  Input-outputmodels

functions

REGINA EIS® REMI
Product markets
Price#marginal cost + + +
Economicsof scale ++ + ++
Productdifferentiation o 0 +++
Labour marketrigidities
Spatial range: quality o o ++
Spatial range: quantity o o +
Demand-to-supply matching + o ++
Knowledge/innovation o o o
spillovers (external effects)
International effects
Directrelocation of o ++ ++
productionand labour
Macro-economic feedbacks o o ++
Land market: zoning
restrictionsand subsidies
Companies + + +
Households o o +

Equilibrium

models
RAEM-2
++

4+

4+

4+

4+

LUTI models

TIGRIS XL MOBILEC

o o
o o
o o
o o
+ +
+ +
o o
o +
o o
++ +
++ o

o Marketimperfectionisnottakeninto account, additional welfare effects can notbe

derived fromtheindirecteffects as calculated by the model

+ Marketimperfectionisnottakeninto account, additional welfare effects can be

derived from the calculated indirect effects (danger of double counting!)

++ Marketimperfectionistakenintoaccountinasimple (adhoc) manner

+++ Marketimperfectionistakenintoaccountexplicitly and theoretically correct
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Labour markets

Commuter

location

++

RAM
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othereconomicvariables, and by distinguishing between different education-
allevels (qualitative match of labour), additional welfare effects from these
marketimperfections can be derived. The labour market models generally go
no further than to estimate levels of regional employment and regional popu-
lation, on the basis of which additional welfare effects can be calculated under
ex postassumptions of no wage changes and unemployment changes.

International effects and macro-economic feedbacks
Itisremarkable thatinternational effects are hardly given attention in most
the Dutch spatial economic models. Fora small open economy, international
effects may well have alargeinfluence onsocial cBA when new transport
infrastructure links the national transport network to international networks,
orwhenitattracts foreign companies. The reason for the lack of attention for
international effectsis that most Dutch spatial models focus onavery detailed
regional partition for which only national data are available. Collecting of this
kind of data for external regions involves relatively much effort (cost) com-
pared tothe expected changesin model outcomes (benefits).

Two models pay rather much attention to international effects. E1s® looks
atinternational effectsin a qualitative manner, while the REmM1-NEI model
dealswithinternational effectsinastructural way, which also enables the
calculation of feedback effects of the international relocation of production
and labour onthe national economy. moBILEC modelsinternational effects
related to the (relative important) German and Belgium border regions.

Land market: zoning restrictions and subsidies
The only model that explicitly accounts for zoning restrictions and land
subsidies for companiesisthe TIGRIS XL model. This model is specifically
aimed atlocation choices by companies, for which several assumptions can be
appliedinthe model. Developmentsinland-use are described in detail. For
the estimation of additional welfare effects, additional assumptions must be
made about land prices, which are notincludedin the model. For the housing
market, the developmentof housing pricesis explained by the development
of demand and supply of housing, taking account of zoning restrictions and
subsidies. All other models, with the exception of the Commuter Location
Model, do not model zoning restrictions and subsidies on the real estate or
housing market. However, using model outcomes on regional population and
employment, additional welfare effects may be derived from most spatial
models by adding additional assumptions outside the models with regard to
thedemand and supply of housing and real estate, given certain zoning res-
trictions or subsidies.

Scientific quality of the Dutch spatial models
Although spatial models may claim to be able to estimate several indirect
effects onanumber of markets, the scientific quality of the way in which
these effects are modelled varies. We define scientific quality by the plausi-
bility of the model assumptions, the extent to which the modelis theoretically
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up-to-date, the way in which effects are adjusted over time, and whether
the model is empirically validated and can be verified on the basis of available
documentation.

All Dutch spatial economic models use a theoretical structure to build
empirical relationships. However, not all the model structures are equally
advanced.RAEM-2stands outasaspatial general equilibrium model explicitly
derived from profitand utility maximizing behaviour, with a number of
central elements from the ‘new economic geography’ (Fujita, Krugman &
Venables1999). TheREMI-NEI model uses the rather traditional input-output
framework, butin avery advanced manner, enablinginteractions between
several markets. [ttherefore comes close to a general equilibrium framework,
exceptthatmodel equationsare not structurally derived from micro-
economictheory. TIGRIS XL uses a theoretically up-to-date land-use /trans-
portinteraction approach, butthe empirical reduced form equationsare
keptverysimple.RAM and REGINA use theoretically up-to-date structures
inwhich accessibility affects the regional distribution of production, but
the models atlarge are not suitable for estimating generative effects, i.e.
production growth. moBILEC buildsanimpressive framework of several
markets, butthe assumptions ontheinteractions between the markets are
rathersimple. The 1s® method only uses a traditional input-output model to
capture product markets, while indirect effects are further determinedina
non-structural manner, using qualitative research techniques.

Thedevelopmentof the effectsintime, i.e. the adjustment processesin the
economy, are well captured by TIGRIS XL, MOBILEC and RAM, and poten-
tially by E1s®in a qualitative way, butare absentin RAEM-2, REGINA and the
Commuter Location Model. In these latter models, the comparative static
equilibrium s calculated directly, not showing the adjustment processes that
take place. TIGRIS XL usesan iterative processto capture the mechanismin
whichindirecteffectsare passed on to different markets. moBILEC explicitly
models time-paths for adjustment processes. RAM allows for adistinction
between short-term and long-term adjustments. REMI-NEI claims that
adjustment processes can be based on theinteractions between market
modulesinthe model, butitis not clear whetherand how this hasbeen rea-
lisedinthe currentversion of the model. Modelling the adjustment process
outside the model is possible forall models, includingRAEM-2, REGINA and
the Commuter Location Model.

For most modelsitis not completely clear whether the model equations
have been empirically validated. Exceptionsare TIGRIS XL, for which the
empirical validation is the basis on which the model is developed, and the
Commuter Location Model. FormoBILEC and REMI-NEI itisclearthata
number of relations are based on Dutch data, but othersare based on param-
eters from other studies, inthe case of REMI-NEI mainly on studies from the
us. Themainreason why itis notalways clear whether the models are empiri-
cally validated, is that the documentation of the modelsina number of casesis
very limited. Thisis mainly the case forREGINA, EIs®and RAM, and to a lesser
extentforRAEM-2and REMI-NEI.

Social cost-benefitanalysisand spatial-economic modelsin the Netherlands 170 *

171



Practical usefulness of the Dutch spatial models
Most of the existing Dutch spatial models are only suited to show the distri-
bution of theindirect effects of spatial policy interventions among economic
agents.RAEM-2and REMI-NEIarethe only models thatexplicitly enable
the estimation of generative effects. RAEM-2 has the advantage that addi-
tional welfare effects are generated by the model, using utility and profit
maximisation functions. The disadvantage of thisapproach is that additional
welfare effects cannot be distinguished from the direct welfare effects. All
other models can only produce an estimation of additional welfare effects
by ex post calculation, based on the estimated indirect effects and additional
assumptions on the size of the relevant marketimperfections.

If we consider the number of markets and marketimperfections thatare
covered by the models, then REMI-NEI, RAEM-2and EIs®stand out as most
complete. RAEM-2 has the disadvantage thatinternational effects are not
included. REGINA ismainly focussed on product markets, TIGrRIS onland
markets and the Commuter Location Model on commuting and migration.

Withregard to thetype of transportand transportinfrastructure that can
be handled by the models, only a few models show limitations, mainly as a
result of insufficient regional detail. E1s® requires much additional fieldwork
to attain thatregional detail, especially in the case of line transportinfrastruc-
ture. REMI-NEI only has seven main regions for the Netherlands, which will
givearathercrude approximationinthe case of line transportinfrastructure.

Required extensions and improvements
To enable the calculation of additional welfare effects based on a structural
analysis of indirect economic effects of spatial policy interventions, anumber
of extensions and improvements in existing Dutch spatial models are desired.
First, thereis not one model that explicitly treats knowledge and innovation
spillovers. Also, the costs of taxation to finance investments in transport
infrastructure are hardly treated by the existing spatial models. A second
type ofimprovementis modelling the link between product markets and
labour markets onthe one hand, and housing and real estate markets on the
otherhand. Thatwouldideally imply an endogenous connection between
the general equilibrium approach for product markets and labour markets, as
shown by RAEM-2and approximated by REMI-NEI, and a land-use /transport
interaction model like TIGRIS XL. Finally, thereis a need foravalidation of
existing model relations. Insufficient validation causes serious doubts about
the model results.

Conclusion: combining different models
The Dutch spatial models thatare treated in this contribution vary greatly in
terms of completeness, scientific quality and practical usefulness. None of
the modelsisideal for estimating the additional welfare effects needed fora
social cBA of investmentsin transportinfrastructure or other spatial policy
interventions. TheREMI-NEIand RAEM-2 model stand out by the number
of markets and indirect effects that are modelled, but none of the models
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accountforall relevant effects. The documentation of most modelsis rather
limited, and certainly not complete enough to determine their scientific qual-
ity. Finally, the practical usefulnessis limited in a number of cases, as not all
modelsareapplicabletoalltypesof infrastructure.

Therefore, in practice, anumber of these models are used together to esti-
mate the full array of indirect effects. Here the same problem arises asin the
case of non-structural approaches: combining the outcomes of several inde-
pendent models may easily lead to undercounting or double counting effects,
asfeedback mechanisms andinteractions between markets thatappearin
the different models are not fully captured or are captured in more than one
model. The following two conditions are crucial to avoid this:

1. Theendogenous outputof the first model must be used as the exogenous

input forthe next model;

2. The estimation of each endogenous variable is done by one spatial model

only.

Both conditions are generally met for different modules of the same model,
butwhen separate models, developed for different purposes, are combined,
these conditions are only met by coincidence.

Arandomly chosen example may illustrate the problem. The use of endog-
enous transport costs from the spatial transport models, such as Lms (for
passengers) or sMILE (for freight), as the exogenous input for the spatial
economic models, suchasREMI-NEIor RAEM-2, may easily lead to problems.
REMI-NEI and RAEM-2 both generate changesin interregional trade that
(implicitly) generate changes in freight transport, while RAEM-2in addition
generates changesin interregional commuting that (implicitly) generates
changesin passengertransport. However, LMs and smILE also estimate these
changes (differently), and thus the changesin transport cost will no longer be
consistent with the changesin transport demand and production.

Only when specifically developed additional modules are used in combi-
nation with a single large model, such problems can be avoided. An example
of such a combinationis the use of the Commuter Location Modelin combi-
nation with RAEM-1, in which the labour market had been modelled unsatis-
factory (see Oosterhaven and Romp 2003). A method to reduce problems
inconnectingdirectand indirect effects can be the iterative use of spatial
transport models and spatial economic models in attaining spatial general
equilibrium (see Oosterhavenetal.1998).

Aready method to avoid double counting of effects orignoring relevant
effectsis notavailable, butawareness of the problem and of its serious con-
sequences forsocial cBA isanecessary condition to avoid these problems.
Finally, it must be emphasised that the effects of spatial policy interventions
are generally modelledin different ways in different existing spatial models.
Consequently, the empirical outcomes for the relevant effects will be diffe-
rentwhen using different models. A possible use of these differencesin out-
comesistointerpretthemasaindication of the underlying real uncertainty
aboutthessize of these effects.
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