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I nteraction of Regional Population and Employment:

| dentifying Short-Run and Equilibrium Adjustment Effects

Abstract:

We investigate the interaction of regional population and employmensimultaneous
model, allowing for interregional commuting. The proposed dynamicifgation
distinguishes between short-run and equilibrium adjustment effectis ancompasses
the lagged-adjustment specification that is standard in thatliter We interpret the
long-run relationship between levels of population and employmentad®ar market
equilibrium. The model is estimated on a panel of 1973 - 2000 annual data for
regions in The Netherlands, controlling for region and time-Speb#éterogeneity.
Identification of the model is improved by decomposing population gromith net
interregional migration and exogenous natural population developmentandiVibdt
employment growth responds quite strongly to deviations from rediabalr market
equilibria. Net migration is dominated by housing market developnaeitsn the short
run only slightly affected by increases in regional emplayim&he main implication is
that equilibrium on regional labour markets is obtained through adjostmie
employment instead of population. We test and reject the laggedraehnist

specification.



1. Introduction

There is nowadays a large literature on the spatial intemactf population and
employment, both on urban and regional scale. It has been recognistbdua and
consumer markets are among the essential mechanisms th&debgopulation and
employment to adjust to one another. From a theoretical point of view, thectidarof
population and employment would be simultaneous. However, it is fairytdhsa
theoreticians have usually started from the idea that employns exogenous to
population. In particular in the urban economic literature, the monocemipidel
introduced by Alonso (1964) that presumes employment is exogenoudigdonahe
Central Business District, has become standard. Furthermoreegastal economic
text books extensively discuss the role of the export base, regional multiptiergpat-
output linkages. A fundamental presumption underlying such theoribatishere are
no restrictions on labour supply, which implies that regional popula)asts to
demand (cf. McCann, 2001)he idea that population is exogenous to employment has
always been less attractive to economic theory. Exceptions in8lads and Stein
(1964), who where among the first to argue that it is labour suppdy,ttzerefore
regional population, that determines employment rather than demandl¢seMuth,
1991).

To resolve the issue empirically, simultaneous equations modelsofaigion and
employment have been estimated both at the level of countiedew @ay. Greenwood

and Hunt, 1984, Carlino and Mills, 1987) and at a more local level suar asbiin
economies (e.g. Muth, 1971, Steinnes and Fisher, 1974, Steinnes, 1977, 1982,
Greenwood, 1980, and Boarnet, 1994a, b). In the latter case, the defirmts raig

small, so population growth in one region and employment growth in anatber
interrelated, because of commuting between these réginrspite of the popular view

that regional labour supply adjusts to demand, most of these stejéietsexogeneity of
employment.

! Similarly, in some New Economic Geography models assumed that in the long run people migrate
to regions where the real wage is highest, solétetur supply adjusts to demand. See for examge th
model put forward in chapters 4 and 5 of Fujitalef1999).

2 The resulting spatial relationships were first eitetl explicitly by Steinnes and Fisher (1974), and
endogenized by Boarnet (1994a, 1994b). Many studie® estimated variants of the latter model for
different periods, areas and spatial aggregatieglde(see e.g. Bollinger and lhlanfeldt, 1997, Hegtral.
1997, Henry et al. 1999 and Schmitt and Henry, 2000



A common feature of virtually all studies on the interaction oforeg) population and
employment is that they ignore the distinction between shortsdriang-run effects,
adoptinglagged adjustment dynamics as introduced by Steinnes and Fisher (1974). Our
present paper innovates on the dynamic analysis of the population-emeploy
interaction. Encompassing a lagged adjustment specification, thétasieous model
we derive measures both the instantaneous interaction of population armyraeml
growth and their response to deviations from a long-run relationstvigede levels of
population and employméntThis distinction yields substantive insights into regional
adjustment processes. Interpreting population as labour supply and sjoladoar
demand, one may view the long-run relationship as a regional laboltetmar
equilibrium. Our analysis therefore sheds light on the extemthich population and
employment adjust to equilibrate local labour markets. The ideatidn of short-run
and equilibrium adjustment effects is relevant to spatial pobcyell, given the long-

term horizon that spatial or urban planning usually reqires

The reliability of our estimates is largely enhanced byirtbkision of region and time-
specific fixed effects The econometric model contrdiglly for unobserved regional
heterogeneity that affects average regional population and emgtbgrowth. In other
words, it controls for average growth for every region, as a&lfor national trends.
This minimises specification biases due to omission of (unobsemeolpnatory
variables, which are a problem in many empirical studies. FongeaBoarnet (1994a,
p. 150) speculates that omitted regional land use policy variabsesire identification
of the population-employment interaction in his study. To the extenstitét policies

® Our analysis bears similarity to Treyz et al. (399who measure migration responses to stock
equilibrium changes in, amongst other variabldatiree employment opportunities. However, we extend
the analysis to employment growth and its respadwoselisequilibrium. Furthermore, we allow for
interregional commuting, which makes our model maiple for investigation of population-employment
interaction at an intrametropolitan scale.

* Through spatial policies like zoning, governmangsy involve in the location and size of residerdiadi
business estate areas.

® Although the Steinnes (1977) paper has been ofnsérimportance in the debate on causality and
intrametropolitan population and employment loaaticemarkably little studies have adopted the time
series approach introduced here. His call for geeaf panel data techniques (p. 79) has remaimgdlya
unanswered in the urban economic literature, thagieptions include Cooke (1978) and Thurston and
Yezer (1994). Note however that these papers matheln density gradients, which yields a perspective
that differs from the multiregional approach takesre and in the literature following Carlino andllsli
(1987) and Boarnet (1994a, b).



are time-invariant, a fixed-effects model is unaffected byattmssion of this type of

variables.

Another novelty of this paper is that we decompose population grawbndogenous

net migration, which responds to developments in population and employment, and
exogenous natural population growth The population growth equation in the
simultaneous model can then be rewritten as a net migration equaloving us to
estimate the interaction of population and employment more accurakesyexplicitly

links the literature following Carlino and Mills (1987) and Boarri94a, b) to the
migration literature, and particularly to simultaneous analysasterinal migration and

employment growth, such as Greenwood and Hunt (1984).

The model we derive will be estimated on 40 regions in The Natigs] using annual
data between 1973 and 2000hstead of one large metropolis, the country contains a
number of relatively small cities that are not strictly sefgl by rural areas. We would
therefore describe its geographical structure\eslapping urban areas. The regions

we analyse may be considered as overlapping labour marketlageasse about thirty
percent of the working labour force on average has a job outsidesidential region.

This explains the need to incorporate commuting in the model explicitly.

The remainder of the paper is structured in the following way. Iméxé section, we
will derive a simultaneous model for regional population and emmaymrowth that
allows for commuting between regions. We will interpret this madeterms of
regional labour market dynamics and extend the analysis bypworeting fixed effects.
In section 3 we will discuss the range of explanatory vasaiol®e included in a model
for population-employment interaction in The Netherlands. Estimaissues and

empirical results are discussed in section 4 and the final section concludes.

® It is common in the demographic literature to depose population growth into net migration and
natural population growth, the latter stemming pufeom birth and death processes (e.g., Plane and
Rogerson, 1994).

" The regional unit (the so-called COROP region,opaan NUTS Il level) contains roughly 350,000
inhabitants and 150,000 jobs on average. Thesenggire substantially larger than US municipalities
(e.g., Boarnet, 19944, b), but smaller than US tesiife.g., Carlino and Mills, 1987).



2. Modélling regional labour market dynamics

Population and employment are often assumed to be interrelated.af@er@umber of
explanations for the mutual dependency of population and employment lghautne
region, the most fundamental one being probably that jobs are occupied by people living
within an acceptable commuting distance. By definition, employwcigmges can only

be realised through population changes (migration or natural increashjft in net
interregional commuting or adjustment of labour participdtidmis underlines the
importance of labour market processes in explaining regional pmpuland
employment interaction. Hence we interpret population as potéabar supply and
employment as realisedbour demand. The simultaneous model for population and
employment may thus be considered a regional labour market model.

Another popular explanation for population-employment interaction is thraguener
markets are determinants of the location choice of people and Fionexample, many
households prefer to live close to shops, which in turn gives an incémtivens (with
their jobs) to locate close to households. However, since this assbmed to hold for

a relatively small part of total employment, we focus on labour marketctitara

2.1 Derivation of a smultaneouserror correction model
We derive the regional labour market model from a general gimh of population

and employment interaction:

POP =f(A1(L)POP AZ(L)W’Lt,Xi,“Ui,t),

it ity

(2.1)
EMR, = g(As,(L)EMPi,t ' A4(I—)@ivt Yoo Vig ) ’

where POR, and EMP, denote the levels of population aged between 15 and 65 and

employment in region during periodt. The lag ponnomiaIsA((L) account for a

dynamic adjustment process. For example, a first-order lag poighoroludes only

one time lag, soA((L)zao+a1L, which applied to populationPOR, yields



a,POR, +a,POR . Exogenous variables are representeddyy, Y, ° Furthermore,

u., Vi, are independently distributed disturbances, and the fundtiandg can take

it

arbitrary forms.

When regional labour markets are open, as will be the case irmpuical analysis,
commuting between regions has to be taken into account. People andnfione
region may supply and demand labour in other regions, which impliesetjianal
labour supply depends on the spatial distribution of population, whereasaielgbour
demand depends on the spatial distribution of employment. We theretaghtw
population using a matri¥y* and employment using a matiw¥ >, obtainingweighted

regional populationPOP;; and employmentEMP;;'°. Note that in the absence of

commuting between regionPOPi; = POR, and EMPi; = EMR,.

Both linear (e.g. Carlino and Mills, 1987 and Boarnet, 1994a, b) and |ay l{eey.
Luce, 1994) specifications have been employed in the literature. Hovira a time
series perspective it is preferable to specify a log limeadel. Population and
employment growth are multiplicative rather than additive prosessehe sense that
changes are proportional to lagged leVelkhis implies the need to model growth rates,
which are obtained by first-differencing the logarithms of poputaand employment.
Applying the convention that variables are written in capitats their logarithms are

written in lower-case letters, model (2.1) is then rewritten as follows:

POP,, = O, POP, ., + d,€MP, +a,emp, , + X, +U,,,
2.2)

emp,, = gemp,,, + ﬁZﬁ)i,t + ﬁsﬁ)u—l MATRATY

8 participation is defined throughout this papettasshare of the potential labour force (the pajuna
aged between 15 and 65) that has a job, so theplogad do not participate in our definition.

® Labour and consumer markets are by no means fgedeterminants of location choice. For example,
housing and product markets may also be relevaalugion of exogenous variables in the simultaneous
system reflects this.

19 These spatial weighting matrices reflect intemagi commuting probabilities, which are estimated
employing data on interregional commuting and dists between regions (see Appendix 1). Although
the approach is similar, our weight matrices devaightly from the ones used by Boarnet (19944, b)



where we require thadr, <1 and £, < 1 For simplicity of exposition, only first-order

lag polynomials are included in this equatfon

We write system (2.2) as a simultaneoarsor correction model by substituting

pop,, = Apop,, + pop,,, andemp,, = Aemp,, + emp, _,, and rearranging terris

- a.+q.,—
ApOpi e aermpi,t - (1_ al)( Pow; ;4 _ﬁernpi,t—lj + /uxi,t U,
1
(2.3)
N + -
Aempi t IBZA pop;; — (1_ ﬁl)(empi 1 1812_—[;,83 popi,t—l] + VYi,t Vi,
1

The explanatory variable¥, ,, Y,, can be rewritten in a similar wdy Because both

population and employment time series generallyragrstrong autocorrelation, this

procedure will reduce multicolinearity of the endagus explanatory variables and
their time lags (e.g.ﬁpm and ﬁp”_l in the population equation). A more substantive

advantage of model (2.3) is itsterpretation. Responses of changes in population and
employment are decomposed into an instantaneociaedresponse to changes) and

an adjustment towards long-run equilibrium (resgaieslagged levels).

Regional population and employment are consideydzktin (steady-state) equilibrium
at timet when Apop, ., =Aemp, ,, =0 and Aemp, ., =Apop, ., =0. When we ignore

the exogenous explanatory variablgs and Yj;, this implies that the following

conditions must hold:

! This is obvious for population growth, because me@mbers of the population are born from existing
members.

12 The number of time lags in this derivation canelxéended to an arbitrary level in a straightforward
way.

3 The model takes the form of an error correctiordeddECM), which has become a standard model in
time series econometrics since the study by Dawid=oal. (1978). This derivation can be found in
Harvey (1990), or in other textbooks on economeamalysis of time series. It may be argued that
regional population and employment are co-integraime series (eg. Freeman, 2001). In the empirical
part of this paper however, we control for natiodalelopments so that nonstationarity is not aneiss
Co-integration is not a condition for modelling &raeries by means of an ECM.



Pop; — ((0’2 + 0'3)/(1— al))ﬁpi,t =0,
(2.4)

emp,, - ((182 + /33)/(1_ ﬁl))pri,t =0.

In these two conditions, the parametérs +a,)/(1-a,) and (B, + £,)/(1- B,) may be

interpreted as long-run elasticitiesThey are equivalent in the absence of interregion
commuting. Deviations from the equilibrium relatsbrips (2.4) are corrected by
changes of population and employment in model (p8)vided thata,, 5, < 1When

the level of population in a region is large relatto weighted employment, population
growth in the first equation will be small ceteparibus. In the second equation, when
the level of employment in a region is large rekatito weighted population,

employment growth will be small ceteris paribus.

The economic intuition behind thisstatistical relationship is straightforward. When
population in a region is large with respect tdisea labour demangbarticipation here

is low compared to its equilibrium value. Competitifor jobs on the regional labour
market can be expected to depress net incomingatiogrand thus population growth.
When employment in a region is large with respextpbtential labour supply,
participation here is high with respect to its duum. Competition for workers can be
expected to depress employment growth. We thugpirethe system of equations (2.3)
as a model that describes adjustment of regiofelulasupply and demand towards

labour market equilibrium.

It makes sense to assume long-run elasticities nitly un the conditions (2.4), as
otherwise equilibrium participation would depend thre levels of population and
employment. Moreover, this translates into a very plausildeaept of equilibrium in a

fixed effects model, as we will see in section 2u3posing the long-run unit elasticity

conditionsa, +a, +a, = land g, + 5, + 5, = 1on model (2.3) yields:

4 Levels should be included if variables are expbtteaffect the long-run relationship between raglo
population and employment.

!%|n a linear model they can be interpreted as ailieum participation rate and its inverse.

'® This would have the unlikely implication that tequilibrium ratio of employment to population were
different in large and small regions, and thereftependent on the shape of regions.



Apop;; = azAﬁpi t 7 (1_ al)(popi,t—l - ﬁpi ,t—1)+ X+ U,
(2.5)

Aempi,t = IBZApri,t - (1_ ﬁl)(empi -1 pri,t—l)-'- VYi,t + Vi

Population and employmedeénsity may be included in the set of explanatory variables
Note that in a fixed effects version of model (2tBxt does not impose a long-run

elasticity of unity, the effects of these densigyiables would not be identifiéd

2.2 Encompassing a specification based on lagged adjustment dynamics

The derived models (2.3) and (2.5) can be comp#wethe dynamic specifications
commonly used in the literature such as SteinndsFsher (1974), Carlino and Mills
(1987) and Boarnet (1994a, b). These papers ansegqubnt studies have usually
started by imposing an equilibrium relation andnthessumedagged adjustment
dynamics. This signifies that population and employmentuatijtowards equilibrium,
where the adjustment rate is based on the differéetween the actual and equilibrium

values of population and employment respectivedyide ignoring short-run effects

Appendix 2 demonstrates that the lagged adjustrspatification is nested in the
models derived here. To be precise, in our notasaoh a dynamic specification can be
obtained by imposing the restrictioms + Ba, = a@d 5, +a,6, = 0on model (2.3).

A lagged adjustment specification of model (2.5) b& obtained by combining these
restrictions with the long-run unit elasticity catahs. Imposing the resulting
restrictions(1-a,) - a,(1- 8,)=0 and (1- £,)- B,(1-a,) = 0 on this model yields:

1- - -
Apop, , = 1—0,31 [Aernpi,t - (1_ ﬁl)(popi,t—l - empi,t—l)] X U
1
(2.6)
1- - -
Aemp, = A [A Pop; ; — (1_ al)(ernpi,t—l ~ Pop; ,t—l)] ATRANT

1-a,

" Hence, one of the advantages of this assumptitiratsone can distinguish between population dgnsit
and population effects, and similarly between emplent density and employment effects within a time
series context.

18 Although this assumption may be justifiable whiee time lag between observations is large, it seems
less plausible a priori for yearly data.

10



2.3 Fixed effects and the equilibrium relationship

When the exogenous variabls; and Y;; include region and time dummies, model
(2.5) can be consideredfiaed effects model’. Greenwood et al. (1991) interpret fixed
effects in a migration equation as a measure fgioral amenities, such as climate or
proximity to the coast. In the employment growthu&tipn, the region dummies may
measure comparative advantages, such as regicoairces or access to (international)
markets. Similarly, the time dummies take up natlotrends in population and

employment growth, such as decreasing fertilityoosiness cycle effects respectively.
The important point here is that all region andetiapecific heterogeneity that affects
population and employment growth is controlled & that the risk of omitted variable
biases is strongly reduced.

A consequence of including fixed effects in the elod that all other variables are
identified up to region and time-specific constariier example, since the area of a
region is time-invariant, using population and emyphent levels in a log linear model
is equivalent to entering population and employnuensities’®. Regional labour market
equilibria are therefore also determined up toaeg@nd time-specific constants. Under

the unit elasticity assumption, they take the follmy form:

POR. PQ, and EMR. - RS. (2.7)
EMP; POP:.

These conditions signify that a regional labour kearis in equilibrium when
participation equals the national rate)( and S), up to a regional time-invariant

deviation P; andR)*.

2.4 Decomposition of population growth
It seems a plausible assumption that natural ptpalancrease, being the result of birth

and death processes, does not respond to regiaoalirl market developments. The

19 Econometrically, the model is then specified as@way error components model (Baltagi, 2001).

% Some studies (e.g. Carlino and Mills, 1987) estéméne interaction of regional population and
employmentensities, instead of levels.

%1 Note that this equilibrium concept is equivalemtte relative probability of employment in a regio
proposed by Treyz et al. (1993).
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population-employment interaction can therefore rhedelled more accurately by
decomposing population growth inemdogenous net migration andaxogenous natural

population increagé Formally, the following identity holds:

APOR, =NIM,, + NFM,, + NPI, , (2.8)

where NIM;; is net interregional or internal migration (incor@i minus outgoing),
NFM;, is net foreign migration antPl;; denotes natural population increZsérhe
following approximation can be applied:

it

APOP, NIM,, NFM -~
L= L+ L (2.9)
POP,, POP,, POP,, POP

it-t it-t it-t it=t

Apop,, =

We substitute equation (2.9) into the first equataf (2.5). Further, we include
NPI; /POP; .. and NFM; /POP; ., in the explanatory variableX;; and restrict their

coefficients to one. Subtracting these natural faipn increase and foreign migration
rates from the left and right-hand side of the paipaon growth equation then yields a

model for net internal migration:
NI Mi,t / POPi,t—l = aZAﬁpi,t - (1_ al)(popi -1 api ,t—1)+ H Xli,t+ui,t : (2.10)
3. Net migration and employment growth in The Netherlands

The regional labour market model derived previowsly be estimated on 1973 — 2000
time series for forty regions in the NetherlaidsVhereas estimation results will be

2 |n addition, natural population increase can beduas an instrument for population growth in the
employment growth equation, thus improving idenéfion of the model.

3 Since we consider population aged between 15 &neniyration and natural increase should refer to
people in the same age group.

4 All demographic information stems from municipaln@inistrations, which are aggregated to the
CORORP level. Most data come from Statistics Ne#imet$ (regional accounts), except information on the
regional housing stock, which was provided by AB&s&arch. Employment is observed in man-years
and not in persons, but this is unlikely to affthoe results. In addition, we lack information ore th
number of self-employed (roughly 10% of the labfarce). The results are unaffected by this omission
to the extent that the spatial distribution of sinare of self-employed does not change over timeguse

of the inclusion of fixed effects.

12



presented in the next section, we discuss hereaaeafary variables for net migration

and employment growth that are relevant in the Batintext.

3.1 Net migration

Housing markets are believed to be among the met@rminants of migration in The

Netherlands (cf. Bartels and Liaw, 1987, Nijkamp &etveld, 1981). We measure the
response of migration to housing market develops#nbugh two variables. Growth

of the housing stocldhou,, is included, whereHOU, , denotes the number of housing

units. Analogous to the dynamic specification of thbour market model, we also
include a deviation from equilibrium on regionalusong markets. Assuming a long-run
elasticity of unity between population and houssagply, this deviation is measured by

the variable(popi’t_l—houi’t_l). Bearing in mind that in a fixed effects modell al

variables are identified up to region and time-fpeconstants, regional housing

markets are considered to be in equilibrium when:

POR,
HOU, ,

=TU,. (3.1)

This condition signifies that a regional housingrke# is in equilibrium when housing

occupation equals the national rekg up to a regional time-invariant deviation

Assuming that the elasticity of labour supply ton@dad is equal to one in the long run,

we can identify the effect of population densipgp,, ; on net migration. A negative

impact of this variable may be related to a prefeeefor spacious dwellings or

congestion externalities associated with livingidensely populated area.

The impact of regional labour markets on migratisrincorporated by the variables
employment grovvthAﬁpm and deviation from equilibriun(popivt_l—ﬁpiyt_l). In
addition we includePRO;;, the ratio of regional added value to employmest,a
measure for labour productivity. Wages reflect picitvity in a competitive labour

market, so that this variable may measure the resspof migration to regional wage
differentials.

13



In section 2.4 the net migration model was obtaiinech a population growth equation
by includingNPI; /POP; 1 as a explanatory variable, and restricting itsffcment to
one. We enter the same variable in the migrationaggn, which is statistically
equivalent to relaxing the unit coefficient redina. A negative sign can be expected
because migrants compete with the new local papulabn housing and labour

markets, and a part of these people will move titear region themselv&s

Including these explanatory variables into the mtign equation (2.10) yields the

following specification:

NIMi,t / POR,t—l = A + Bt + ¢1Aﬁpi,t + ¢2(popi,t—l _ﬁpi ,t—1)+ ¢3Ahoui,t (3 2)
+¢,(pop, ., ~hou, _,)+ #,pop, ., + @, Pro, _, + #,NPI, /POR, _; +u,,

This equation has been reparametrised for simpli€tegion and time dummies are

denotedA; andB;. Productivity, relating to regional employment,nmltiplied by the

matrix W*, and its lagged value is used in order to avoitbgeneity problems.

3.2 Regional employment growth

We includeCHl;;, the ratio of the number of children aged undetd $he number of
persons aged between 25 and 45, the (young) paesng explanatory variable in the
employment growth equation of model (2.5). A higltic may affectparticipation
negatively because children need care, reducingulabupply. Because this variable
affects equilibrium participation, we use the leuws$tead of growth of the ratio of

children. The other supply side factors in thisaon are growth of potential labour

supply Apop, , and deviation from equilibriun(empi,t_1 —ﬁi,t_l)%.

Demand side factors included in the employment gnozquation are the sha®elA;;,

accessibilityACC; ; and regional productiviti?RO; ;. The share is defined as the regional

%> Net foreign migration may be included in the modehilarly. However, this variable may be
determined simultaneously with net interregionafjraiion, yielding biased coefficients. Omission sloe
not seem to be problematic, because foreign maratias been numerically small compared to
interregional migration during our period of obssion.

%6 Employment growth depends on both labour demamtisapply side factors, because employment
equalsrealised labour demand.

14



employment growth that would be expected on théshafsnational developments and
the lagged industry composition of a rediormhe intuition behind this variable is
appealing. To the extent that regions produce tberoregions or abroad (export),
developments in (inter)national demand may affegianal employment. If demand
shifts upwards for an industry that is heavily eganted in some region, employment

here should increa$e

Although access to labour markets is controlled dgrmeans of the labour supply
variables, access to other input and output marketg be an important factor to
employment growth as well. The following accessgipilneasure is common in the

literature (cf. Rietveld and Bruinsma, 1998)

EMP”
d

ij

ACC,, = Z; (3.3)

The effect of regional productivity is ambiguousterpreting it as a measure for
regional wages, like in the migration equation, @maild expect a negative impact on
employment growth. Alternatively, a larger regiopabductivity may be the result of
agglomeration economies, through pooled labour markets or knowledge spdie for

example (Fujita and Thisse, 2002). These econoafiagglomeration may be expected

to attract firms and employment.

We can identify employment densiynp; .1 as an additional measure of agglomeration
economies, provided that the long-run elasticityabour demand to supply equals one.
The effect may also be negative due to land prizediseconomies of agglomeration

such as congestion.

Including these explanatory variables in the emplegt growth equation of model

(2.5) yields the following specification:

2" We operationalize this concept by introducingyaamic share (Barff and Knight 1Il, 1988) in the
model.

%8 However, Borts and Stein (1964) have already pdiriut a potential fallacy in this argument. The
larger the share of employment of an industry imsaegion, the smaller is its growth potential here
unless labour supply is infinitely elastic. Therefoin a supply dominated labour market this vdeiab
may proof of little value in explaining employmegrowth.
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Demp,, =C, + D, +4,AP0p,, + 4, emp, ., = POP .y )+ ¢t 64
+y,sha  +Ysacc . +spro , temp L, v

Again, the equation has been reparametrised foplgity. Region and time dummies

are denoted’; andD;. Affecting labour supply, the variab@Hl;; is multiplied by the

same matriX\? as regional population, since participation in @agion may affect

employment in another. We use lagged value€Hf,;, ACC;; andPRO;; in order to

avoid endogeneity problems.
4. Estimation of theregional labour market model

Given the elementary importance of identificationanalysing simultaneous equations
models, we start this section with a discussionthaft issue. Results for the net
migration and employment growth equations are ptesein subsections 4.2 and 4.3
respectively, both for the model with and withoagion-specific fixed effects. We then
test the lagged adjustment restriction, followedatsensitivity analysis in 4.5.

4.1 I dentification

When formulating the simultaneous model (3.2) add)(we have implicitly made a

number ofexclusion restrictions, some variables in our model enter only one eqoati

Such exclusion restrictions are necessary to ifyetlie model, since a variable that

enters one equation can be used as an instrumethidcendogenous variable in the
other equation. The exclusion restrictions for éiqua(3.2) are thaCHI i:, SHA; and

ACC;; affect net internal migration only through emplagmh growth (labour demand)
but not directly’. The restrictions for equation (3.4) are tiAdiou, , (popi’t_1 —houi’t_l)

29 We enter the level and not growth of accessibilitycause this variable would be endogenous in the
employment growth equation.

%0 The variablePOP;j; and EMP;j: are computed using weight matrices derived fromommuting

model (see section 2 and Appendix 1). In orderhimio consistent estimates, we apply the same weigh
matrices to the external instruments in the fitage regressions. This assumes that the exclusion
restrictions we make should also hold for weighitetruments (cf. Boarnet 1994a, b).
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and NPI,; /POP; .; affect employment growth only through populatiaowth (labour
supplyj".

Housing markets may respond to changes in regipapulation and labour market

developments, so the estimator fimou,, may suffer from a simultaneity bias. We deal

with this by means of two additional instrumentatiables, which are excluded from
both the net migration and employment growth eguati Given that a demand for
housing is exercised when young people leave thamients, it may be expected that
housing demand (and therefore supply) is large megaon where the population is
relatively young. We measure this effect ¥QU;;, the proportion of people aged
between 15 and 35 to people aged between 35 anan@5hy the growth rate of this
variablé?,

The exclusion restrictions we make in order to idgrthe simultaneous model may
appear to be dubious. For example, one might exgmtiographic variables to affect
net migration, and employment growth might respaliferently to migration and

natural population increase. We acknowledge pakmtiioblems in some exclusion
restrictions made, but because averidentifying restrictions we are able to validate

them by means of statistical tests.

The estimation strategy we adopt is to estimatertbdel using two stages least squares
(TSLS)®. We test for exogeneity by means of a Hausman aest assume exogeneity
when it is not rejected. More efficient estimates @nen obtained in a second round of

estimation, the results of which are presentetérémainder of this paper.

%1 Lagged levels of population, employment and haysitock are predetermined, so that OLS estimates
would normally be unbiased. However, in the casa afynamic fixed-effects panel data model, this
procedure formally yields biased coefficients (Wib@lge, 2002). Because our time series is suffitien
long (about thirty years), we can ignore this lziad treat lagged levels as exogenous variables.

%2 1n order to avoid endogeneity, we computed groeftthis variable on the basis of natural population
increase.

% We weight by the time average of regional popatatand employment. The covariance matrix
estimator is robust to regional heteroskedastimity autocorrelation of arbitrary form within theyienal
time series, see Wooldridge (2002).
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4.2 Net interregional migration

We have estimated the migration equation (3.2), ldadsman tests were performed.
Exogeneity was rejected fdxhou,, but not forAemp, . An overidentifying restrictions

test did not reject our exclusion restrictifh<Consequently, the first specification in
Table 4.1 shows estimation results for model (8vBgre only the former variable is
instrumented. The table also presents a secondispgon that excludes regional fixed

effects.

Net migrationNIM; /POP; 1.1 I 1
growth housing stockhou, , 0.706f9:)** ' 1-10935’;** !
housing market equilibriur(lpopi 1~ hoy, ,t_l) ‘Od%gg * ‘0-83'?3***
growth realised labour demankemp, , 06002195* O'Sgg’;*
labour market equilibriunipop,,_, —emp, ,,) 'g'ggo %ggf

- . - * -
productivity pro, ,_, 06(.)(3017 g:(?(?lo
population densityop; +-1 -0603125 - '8'8(?11
natural population increaddl; /POP; 1.1 '3'86%1 %2(5)71
regional dummie# (40) yes no
time dummie$; (27) yes yes
R’ 0.900 0.795
R’ of model with dummies included only 0.589 0.021

Table 4.1: net migration (equation 3.2)™

In the first specification, it appears that housmgrkets dominate net interregional
migration. FoAhou,, a unit elasticity is not rejected, which would imphat a one
percent increase of the number of houses in a melgads to a population increase

through net internal migration of one percent. ket it appears that a deviation from
regional housing market equilibrium (see conditi@1)) is decreased through

% In order to perform Hausman tests for exogenedtsiduals of the first stage regression where iedu
in an OLS estimation of model (3.2). Thstatistics for the housing growth residual andehgloyment
growth residual werel.94 and-0.12 respectively, so that exogeneity was rejectetieat@% level for the
first variable, but it was not for the second. Tiruments used wemhi; . 1, acci.; and lagged level and
growth of YOU;;. With two overidentifying restrictions, the? statistic wasl.94, so that the exclusion
restrictions were not rejected at tH@o level.

% Robust standard errors are in italic style, *aftd *** indicate significance at 10%, 5% and 1%ele
respectively and a coefficient marked witindicates that the associated variable is instniete
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migration by about four percent yearly. These fggi reflect the housing market
tightness in The Netherlands over our period ofeolsion, which is probably related

to restrictive spatial policy.

The impact of regional labour markets on internaration seems to be substantially
smaller. An increase in employment is accommoddtgdnigration for about three
percent, so participation and commuting accountttier rest of regional employment
change¥. There is no evidence of migration respondingisequilibrium on regional
labour markets (condition (2.7)), although highegional productivity per worker does
appear to have a small positive effect. This ipssing as nominal wage differentials in
The Netherlands are sntéll

The significantly negative effect of population diéy on net migration may reflect
congestion externalities or an increased preferércgpace. This latter development is
arguably related to the phenomenon of suburbaaorsatiurban sprawl, the emergence
of large residential areas within acceptable conmgutlistance of city or employment
centres (Anas et al., 1998). Although the effechatural population increase has the

expected negative sign, it does not appear statilstisignificant.

In order to illustrate the role of the regionaldik effects, Table 4.1 presents a second
specification that omits these dummies. Again weehgerformed Hausman tests on a

first estimation, and onlyAhou;, turned out to be endogenous. The effect of this

variable is now even larger, and the response deqdilibrium on housing markets
appears to be stronger as well. However, produigtiand population density are
insignificant. This highlights the importance ofoperly accounting for regional

heterogeneity, although the conclusion remains ltbasing markets rather than labour

markets dominate internal migration.

% Through zoning and other tools, both the nati@mal local governments have been heavily involved in
regional supply of houses (Rouwendal and RietvE388, Rietveld and Wagtendonk, 2003).

37 This finding is consistent with Broersma and Vaijk 2002), who find that employment shocks are
mainly accommodated through participation in therstun.

% Regulation of labour markets in the Netherlandstisng. About 80 percent of the employees’ wages
are bargained at the national level, so that ficanmnot easily adjust their wages to regional laboarket
conditions. Accordingly, Van Dijk et al. (1998) didot find a significant nominal wage return to
migration using microdata. Given our lack of diredfbrmation on regional wages, we must therefare b
careful with the interpretation of this result.
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The model accounts for ninety percent of variatiomet domestic migration. Leaving
out the regional dummies reduces this percentagie abiout ten percent, whereas a
model consisting of regional and time dummies drplaonly sixty percent of the
variance. The large explanatory power of the ngfration model may be interpreted as

additional evidence of the dominance of regionalsiog markets.

4.3 Employment growth

Similar to the migration equation, we have estimadtee employment growth equation
(3.4) and performed a Hausman test. Exogeneityneasejected forAﬁ)u, and an

overidentifying restrictions test did not rejecr @xclusion restrictioris. Therefore, the
first specification in Table 4.2 shows estimatiesults for model (3.4) using OLS.

Employment growthiemp; ; I Il
growth potential labour supplgs pop, %?gf 0633%32 !
labour market equilibriuremp, ,_, - pop, ,_,) '0'(?2214*** %ggzl
e - ** - *
ratio of childrenchii -1 060(?355 06%213
_ 0.178 0.532 ***
sharesna 0.313 0.194
accessibilityacc; 1.1 %‘ gg 0'8558**
- . *
productivity pro; .1 06(.)02175 %‘8377
. - *kk - *%%
employment densitgmp; 11 O'S_gfs 0'8333
regional dummie€; (40) yes no
time dummied; (27) yes yes
R’ 0.526 0.445
R’ of model with dummies included only 0.461 0.364

Table 4.2: employment growth (equation 3.4)

It appears that variables relating to labour supylye a strong impact on employment
growth. The coefficient for growth of potential @ supply is positive, but not
statistically significant. However, we do find @sificant and large effect of deviations

% Thet statistics for the population growth residual Weg3, so that exogeneity was not rejected at the
10% level. The instruments used weldPl;/POP;.;, you; and (popit; - houiyq). With two
overidentifying restrictions, thg’ statistic wa$.43, so that the exclusion restrictions were not teggat
the 10% level.
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from regional labour market equilibrium. It turnstdhat through employment growth,
these deviations are reduced yearly by almost #eept. Further, the equilibrium
participation is low in regions where the ratiocbildren to people aged between 25 and
45 is relatively large.

In contrast, variables relating to labour demanddlyaaffect employment growth.
Jointly, SHA;;, ACCi; andPRQO;; are not statistically significant at tl86 level. Only
regional productivity appears to have a margingldot. Its positive sign may indicate
existence of agglomeration economies. Howeverstitwnger and significantly negative
effect of employment density gives and oppositeaiga larger spatial concentration of

employment appears to be a push rather than dgotdir.

The second specification in Table 4.2 omits redidimad effects. Now, exogeneity of
Aﬁ)m is rejected, so we estimate its impact by meanastfumental variables. The

overidentifying restrictions test again does ngeceour exclusion restrictions. The
results differ strongly from the first specificatioLabour supply effects appear to be
largely absent, notably there is no equilibriumreotion on labour markets. In contrast,
the share dominates regional employment growths Tharge difference must be
explained by unobserved regional heterogeneity. afgqtly there have been time
invariant regional factors positively correlatedttwithe share, which have lead to

employment growtfi.

The share of the employment growth variance expthlyy this model is about half, not
much more than a model consisting of only dummiesildi Apparently, regional
employment growth is more difficult to explain thaet domestic migration.

4.4 Testing for lagged adjustment dynamics

The dynamics of our model under the assumptiomag@géd adjustment are described in
the equations (2.6). Applying the associated r&gins to the equations (3.2) and (3.4)
yields ¢,-¢,=0 and ¢,-¢¢,= Q These joint cross-equation parameter

restrictions are tested with a standard Wald te®l, rejected at the one percent level of

0 Indeed the industry mix has been particularly farable in the densely populated Randstad areagwher
fixed effects were positive as well. The unobserfederogeneity may be related for example to
international accessibility or the average levet¢ddication of the labour force.
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significance {*(2) = 14.8, p = 0.001)“. We conclude that the assumption of lagged

adjustment dynamics is not valid for our data.

4.5 Sensitivity for spatial and temporal heter ogeneity

In order to verify robustness of our econometrisutes, we have performed two
sensitivity analyses. First we have investigate@tivér there was spatial heterogeneity
by distinguishing core and periphery of The Netedls, and second we have checked
for temporal heterogeneity by distinguishing upd downs in the business cy€leNe
specified dummy variables for periphery and downgwperiods. The model was then
extended with interaction effects of either dummy all explanatory variables (except
the region and time dummies). A significant intéi@t effect indicates that the effect of

the associated explanatory variable differs ovacspr time.

Indeed, some significant interaction effects werentf®. There is some evidence that
labour markets are more demand driven in peripiegabns and that migration is more
receptive to regional labour market conditions migiilownswings of the business cycle.
However, the conclusions that migration is maintweh by housing markets and
equilibrium correction on regional labour marketswars through employment growth

appear robust to spatial and temporal heterogeneity
5. Conclusions

Our empirical investigation into the interactionrefyional population and employment
provides evidence that in The Netherlands, regidaabur markets are equilibrated
through employment growth. Labour demand appeagsféxt interregional migration
only slightly in the short run. This contrasts trepular view that regional labour supply
adjusts to demand, which is implicit in many thesron regional economic growth.
Moreover, we find little evidence that typical damaside factors such as accessibility
and the industry mix contribute to regional empleyingrowth. This justifies the claim
that regional labour markets are supply dominated.

“IWe apply a Wald test using the robustly estimatdriance matrix.

“2The core was defined as all regions in the Raddsta an intermediate zone. A period was considered
to be a downswing in the business cycle when empéoy growth was lower than average employment
growth over our period of observation.

*3 The results of this analysis are available upouest.
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Housing markets are the most important determipnamiet interregional migration by
far, the short-run elasticity of growth of the himgs stock approaching unity.
Furthermore, migration appears to equilibrate neglithousing markets. We relate these
results to the housing market tightness over oupogef observation, especially in the

more densely populated west of the country, whiely me due to restrictive policy.

The explicit distinction of short-run effects anqudibrium adjustment has furthered
our understanding of regional labour and housingketaprocesses. The derived
simultaneous error correction model that allowed tlus distinction encompasses
lagged adjustment dynamics, such as applied byrgtsiand Fisher (1974), Carlino and
Mills (1987), Boarnet (1994a, b) and many subsetpapers. Not only does such a
specification ignore the meaningful difference betw short and long-run effects, but
also it imposes a restriction on the dynamic predkat may not hold. For our data, the

lagged adjustment dynamics assumption was statistiejected.

Exploiting the time series structure of our dat&, e@ontrolled for unobserved regional
and temporal heterogeneity by means of fixed effethis strongly reduces the risk of
omitted variables biases. The exclusion restristionade in order to identify the
simultaneous model were validated by means of deatifying restrictions tests.

Therefore, the coefficient estimates appear taebalie.

Given the geographical scale and structure of apprhg urban areas, our analysis may
partly be interpreted in the context afban sprawl. With increased welfare and
improved infrastructure population has shifted frahe cities to more spacious
dwellings in surrounding residential ar&asWe demonstrate a negative impact of
population density on migration. The even largepaet of employment density on
employment growth reflects a general finding thHae tlensity gradient is larger for
employment than for population, but has been fgliaster (Anas et al., 1998, and
Mieszkowski and Mills, 1993). This evidence proddeirther support for the notion

that employment has followed population rather tfeversely.

44 For example, population in the largest cities aisterdam, Rotterdam and The Hague has decreased.
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Appendix 1. Accounting for interregional commuting

In the regional labour market model derived in isect2 we useweighted regional
population POP;; and employmentEMP;;:, in order to account for interregional

commuting. To this aim we uspatial weight matrices W* andW?, which are applied
to regional employment and population in the fastl second equation of system (2.1)
respectively.

We computeEMP;; = szi}EMPN : wherevvi} may be interpreted as the probability
that someone working in regignlives in regioni. Multiplying this probability by
employment in regiofn we get the expected number of people workingtimt live in
regioni, and summing over employment regions yields theeeted working labour
force in regioni. This is interpreted as the weighted realised datemand in this

region.

Similarly, we computePOP;; :Zqu?POPj,t , where w{ may be interpreted as the

probability that someone living in regignwould work in regioni. Multiplying this
probability by population in regiopwe get theexpected number of people living in
regionj that potentially work in region(the probability is also applied to people that do

not participate). The sum over population regionsdg weighted potential labour

supply.

The probabilitieswilj and vv,f can be estimated given information on the relstgm

between interregional commuting flows and distabeéwveen regions, employing a
doubly-constrained spatial interaction moglebtheringham and O’Kelly, 1989The

model takes the following form:
COM;, :\M‘Fi,tEMPj,tA,tBj,tF(dij) : (A.1)

In this model, the number of commute@OM;  increases proportionally to the

working labour forceAMLF,, in the region of residence and employment in &ggan of
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work, but decreases in distance through the distateray functionF(d”), where
F'(dij )< 0. The balancing factorgy, and B, account for two sets of identities, which

are that outgoing flows sum to regional workingdabforce, and incoming flows sum
to regional employment. We assume the followingcfiomal form for the distance

decay functionF (d, ):
F(d,)=expa,D} + BD? +yd,) . (A.2)

So, it is assumed that the number of commuters d@miwtwo regions decreases

exponentially with distance. The dummy varialide corrects for commuting within

regions and the dummy variab” measures border effects. We allow all variables to

have a region specific effect, in order to dealhwiegional heterogeneity, so the

coefficients are region specific

The parameters;, £ and )y have been estimated on 1992 — 2000 commutingfaata
the Dutch Labour Force Survey. Distance between r@gions is measured by the
average number of car kilometres travelled by cotensy because the largest share of

interregional commuters travels by car. See Verare(2003) for details.

In order to avoid endogeneity in model (2.3), inist appropriate to use explanatory
variables in the spatial weight matrices. The pbiliges vv,} and W,JZ are therefore
assumed to be a function of the distance betwegiong only. Using the estimated

distance decay function, they take the followingrfo

“>In order to check for robustness to specificatidnthe weight matrices, we have imposed in an
alternative specification that seventy percenthefworking labour force works in the residentiajios.
Estimation results in section 4 were not signifibaaffected.
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Note thatzivvi} = land Zi vv”? = 1 so that these weights can indeed be interpreted a

probabilities®.
Appendix 2: A test for lagged adjustment dynamics

We will show here that the model (2.3) encompatsgged adjustment dynamics. The
derivation of the lagged adjustment model preseht¥d is based on Boarnet (1994a,
b). The distinction between his linear and our liogar specification is ignored for ease
of exposition. Point of departure in his model i equilibrium relation between

regional population, employment and regional cheréstics:

POP*,, = yEMP* s + /' X, +U,,,
(A.4)
EMP*,, = 3POP*, +V'Y, +V,

where * denotes equilibrium values. Regional pojporta and employment adjust

towards these equilibrium values in the followingyw

APOR,'{ :/]POP (POP*i,t _POPi,t—l)’
(A.5)
AEMPi,t :/]EMP (EMP*i,t _EMR,t—l)'

It is further assumed that the same adjustmentrdigsaapply to the spatially weighted

variablesPOP;; and EMP;;, so that the following estimable model is obtained

APOR, = APOP(VEMPi't_l + 4 AEMPi; + ' X = POF?,HJ U,

EMP

(A.6)

6 However, the matrice®! andW? differ from the spatial weight matrices that amenemon in spatial
econometric applicationgAnselin, 1988 in two perspectives. Firstly, numbers on the dejoare
smaller than one, because diagonal flows have lwa@oded in the commuting model. Secondly,
computing the required probabilities amounts taiool normalisation, instead of the usual procedtire o
row normalisation.
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AEMR, = AEMP(épopi,t_l +-2 APOP, +1'Y,, - EMP.HJ Vi

i,
POP

Now we rewrite the model as a simultaneous erromection model:

APOP, = y 2792 AEMP ~ Ao (PO, — YEMP, 1 J+ Auop i X, +1U,

EMP

(A7)
AEMP, = 52ew ABOP, ~ A (EMP = POPy 1+ Aol 'Y,, +VV, ..

POP

Note that this simultaneous model is nested insthmiltaneous error correction model
(2.3) derived in section 2. The following reparansetion has to be applied to model
(2.3) to obtain (A.7):

a,=1- Aoy B =1~ Aeyp

0, = Phoop | Aewp B> = Aeye | Aoop

a5 = V(Aewe = Decp  Aee Bs = 3Aecp =D [ vy
H = Apop V= AgypV’

From this reparametrisation we can derive two i&gins: a,+ Ba,=0 and
B;+a,5, =0. These restrictions can be tested as two joirdsseguation parameter

restrictions by means of a standard Wald test.
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