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Interaction of Regional Population and Employment over Time:

identifying short-run effects and equilibrium adjustment

Abstract:

We investigate the interaction of regional population and employment in a sinouisane
model. A focus on regional time series allows us to innovate in two ways on the
ongoing causality debate in the literature. Firstly, a dynamic spegtadin is proposed

that generalizes the often assumed lagged adjustment process and enabiéyto ide
both short and long-term effects. We argue that the long-run relationship between
population and employment should be interpreted as a labour market equilibrium. A
second improvement on current empirical evidence is the use of region and time-
specific fixed effects. Because by applying these panel data techniqoleseed
heterogeneity on the regional level and national trends are controlled for, the
identification of regional population-employment interaction is substantesty

troubled by an omitted variables problem. The model is estimated on almost three
decades of annual data for regions in The Netherlands. This dataset is uniqueibecause
includes internal migration, so that we can disentangle net migration and exogenous
natural population increase in order to model population adjustment more accurately.
Reflecting the geographical structure of the country, which is chassttdy

overlapping urban areas, we allow for interregional commuting. Our main finaiags
that in The Netherlands, employment growth responds to deviations from regional
labour market equilibria, but net internal migration is only slightly affebtecegional
employment in the short run. This implies that equilibrium on regional labour makets
restored through adjustment of employment instead of population. It also i#gstia
additional insight into dynamic adjustment processes that can be gained from
distinguishing both short and long-run effects, the importance of which is confirmed by
rejection of the lagged adjustment process hypothesis for our data. Finally, the
dominance of supply side factors in the employment equation casts doubt on
appropriateness of traditional regional export base and multiplier models, whualy hea

rely on the assumption that local factor supply constraints are absent.



1. Introduction

There is nowadays a large literature on the spatial interaction of population and
employment, both on urban and regional scale. It has been recognised that labour and
consumer markets are among the essential mechanisms that lead locdiqroanth
employment to adjust to one another. From a theoretical point of view, the ioteizct
population and employment would be simultaneous. However, it is fair to say that
theoreticians have usually started from the idea that employment is exsgen
population. In particular in the urban economic literature, the monocentric model
introduced by Alonso (1964) that presumes employment is exogenously located in the
Central Business District has become standard. Furthermore, regionahec text

books usually emphasize the importance of the export base, regional multipliers and
input-output linkages. A fundamental presumption in these more traditional theories is
that there are no restrictions on factor supply, and thus that regional population or
labour supply adjusts to demand. Instead, they focus on demand side factors like
international trade. The idea that population is exogenous to employment has alway
been less attractive to economic theory. Exceptions include Borts and Stein (1964), who
where among the first to argue that it is labour supply, and therefore regiona

population, that determines employment rather than demand.

To resolve the issue empirically, simultaneous equations models for population and
employment have been estimated both at he regional level (e.g. Muth, 1971, Greenwood
and Hunt, 1984, and Carlino and Mills, 1987) and for urban economies (e.g. Steinnes,
1977, 1982, Steinnes and Fisher, 1974, Greenwood, 1980, and Boarnet, 1994a, b). In
urban economies, population growth in one area may affect employment growth in
another, because of commutingherefore, spatial relations should be modelled

explicitly at this level. Commuting has first been introduced in the Steinnes miodel, a
elaborated upon by Boarnet (1994a, 1994b). Numerous studies have estimated variants
of this model for different periods, regions and spatial aggregation levelsdsee e
Bollinger and Ihlanfeldt, 1997, Henry et al. 1997, Henry et al. 1999 and Schmitt and
Henry, 2000). Most of these studies reject exogeneity of employment, arfdrthere

provide support for the Borts and Stein hypothesis.

! In regional analyses, commuting is often less irg. Instead, population would adjust to
employment through migration at this level.



Analysing the spatial interaction of population and employment in the spirit oh&oa
(19944, b), this paper innovates on the dynamic analysis of this interaction. Following
Treyz et al. (1993), who propose a dynamic simultaneous model for migration and
employment growth in the US, we distinguish between short and long-term .effects
Unlike their analyses however, our model is appropriate for investigating ¢énaatbn

at an intrametropolitan scale, because interregional commuting is accounidugor
extends the current urban economic literature, which generally assumes lagge
adjustment dynamics as introduced by Steinnes and Fisher (1974). Crucidllg, suc
dynamic specification does not distinguish short and long-run effects. We show that our

model generalizes this dynamic specification, and test its approprefenesir data.

We contend that the distinction between short and long-term effects is meagningful
yielding substantive insights into adjustment processes on regional labour markets.
Formulated as a simultaneous error correction model, the model we derivegeneas
both the instantaneous interaction of population and employment growth and their
response to deviations from a long-run relationship. Interpreting the analysisigdf
labour supply and demand, we view this long-run relationship as a regional labour
market equilibrium. Therefore, our analysis sheds light on the extent to which
population and employment adjust to equilibrate local labour markets.

Because we analyse regional time series, region and time-spdeifitsefan be

included in the model. The resulting two-way error components model (Baltagi, 2001)
controls for time-invariant unobserved heterogeneity, such as regional iasenit
comparative advantages, that affects local population and employment growth, and it
also controls for national trends. Omitted variables have been recognized to obscure
identification of the interaction (Boarnet, 1994a, p. 150), so this method improves
reliability of the estimates substantially. In one of the few studieg tisne-series,
Steinnes (1977) has called for the use of panel data techniques to better identify the
mutual dependency of population and employment. To our knowledge, we are the first

to do so in an urban economic context.

The model is estimated on regional population and employment growth in The

Netherlands, using annual data between 1973 and 2000. On the spatial level of



aggregation observed, about thirty percent of the working labour force on average has a
job outside the residential regforThese regions should thus be considered open labour
markets. Our analysis is neither intra- nor intermetropolitan. Insteagetiggaphical
structure of The Netherlands, consisting of many relatively small,aitiag be

described as a set of overlapping urban drémterestingly, these data include internal
migration and natural population increase, which allows us to model the adjustment

process more accurately.

The remainder of the paper is structured in the following way. The nexirseetiives

a general simultaneous error correction model for regional population and employment
growth that accounts for commuting, and interprets it in terms of regidomalriaarket
dynamics. In section 3, we show how this model can be applied dealing with issues such
as internal migration, changes in the housing stock, labour force charactenstithe

role of regional industry mix. Estimation issues and empirical resaltdiscussed in

section 4. The final section concludes and provides some more discussion.
2. Modelling regional labour market dynamics

Mutual dependency of regional population and employment necessitates anaysis i
simultaneous equations model. Because adoption of these variables to exogenous
shocks can take considerable time, it would be natural to include lags in such a model.
In addition, a host of other factors affect regional population, employment or both. A
general model for regional population and employment could thus take the following

form:

POR, = f(A(L)POR,, A,(L)EMP.., X, .u, ),
(2.1)
EMR,t:g(As( )EMRUA4( )POP”’ its |t)

% The regional unit (the so-called COROP area) isntially larger than the municipalities usedhia
Boarnet (1994a, b) papers for example, but smédbar US counties and certainly states.

%It has been argued by Van Ommeren et al. (20@@)nhoverlapping urban areas which include open
labour markets, the distinction between intra- smerregional mobility seems less meaningful. This
implies that the response of regional populatiawgh to housing markets should be taken into accoun
as well.



where POR and EMPR, denote the level of population and employment in regand
yeart. The lag polynomialsﬁk(L) account for the dynamic adjustment process, so for
example(a, + alL)POPi’t =a,POPR, +a,POP _,. Exogenous variables are summarized
by X,., Y, andu,, v, are independently distributed disturbances. The functions

andg can take arbitrary form.

We interpret population as potential labour supply, and employment as labour demand.
The system of equations (2.1) can thus be viewed as a regional labour market model
describing local adjustment of demand and supply. However, when regional labour
markets are open, as is the case for regions in an intrametropolitan aalggenple,

such a model should account for commuting. People and firms in one region may
supply and demand labour in another, which implies that regional demand and potential

supply of labour depend on the spatial distribution of employment and population.

Interregional commuting is incorporated in the model by means of spatiditweig

matricesw' andW?, which are applied to regional employment and population in the

first and second equation of system (2.1) respectively. We compute

EMPi; = zj W;EMP, , wherew; is the probability that someone working in regjon

lives in regioni. Multiplying this probability by employment in regigmve get the
expected number of people working itihat live in region, and summing over
employment regions yields the expected working labour force in regida interpret
this variable as thexpected labour demand, conditional on the spatial distribution of

employment.

Similarly, we computePOP;; = Z]_WHZPOPJ,’t , Wherevv”? is the probability that

someone living in regiopwould work in region. Multiplying this probability by
population in regiof we get theexpected number of people living in regigrthat
potentially work in region (the probability is also applied to people that do not

participate). The sum over population regions is interpreted a&spbeted (potential)

“ These probabilities are derived from an estimatedel for interregional commuting. They are based
on distance between regions only. See the appéoddetails.



labour supply, conditional on the spatial distribution of population (potential labour

force).

We formulate the model (2.1) as a linear relatiorstipr ease of exposition, only one
time lag will be included, but this can be straightforwardly extended to araaybit

number. The following specification is obtained:

POP, =a,POR , +a, EMPi; + @, EMPic1 + X, +U,,,
(2.2)
EMP, = B,EMP_, + B,POP; + 8,POP: 1 +VY,, +V,,,

where for meaningful interpretation, it is required trak 1 and S, < ?.

There are a number of advantages to rewritingsiysgem in first differences. Since the
time series used can be expected to portray sotoeatelation, this procedure will
reduce multicolinearity of the endogenous variables their time lags. A second point
is that the resulting model can be interpretednasreor correction model. Responses of
the change in population and employment to exogeshacks can thus be decomposed

into an instantaneous reaction and an adjustmesrts long run equilibrium.

We write system (2.2) as a simultaneous error cbore model by substituting
POP, =APOPR, + POP _, and EMR, =AEMP, + EMP ,, and rearranging terrh$

® In the empirical application, a log linear spagifion will be used.

® It can not be precluded that regional populatiosh @nployment time series are nonstationary. It has
been argued by some, that regional population emglayment are co-integrated time series (eg.
Freeman, 2001). In this case, the variables shalatulbe first differenced, and the system (2.3)kzan
estimated using the two-step method proposed bieErgl Granger (1987).

" This derivation can be found in every textbookeasnnometric analysis of time series.

® The other explanatory variables can be rewrittethé same way, which may be desirable if they are
expected to affect long run relationships.



- + -
APOP, = a,AEMP;; — (- al)( POP, —% EMPi,t_lJ FpX U
, i U

(2.3)

1

N + N
AEMP, = B,APOP; —(1- ,81)( EMP,_, BB POPi,HJ +UY,, +V, .

Regional labour demand and supply can be considered in equilibrium when

POP, -((a, +a,)/(1-a,))EMPi, =0 and EMP, - ((8, + 3,)/(1- 3,))POPi; =0.
Deviations from these long run relationships aneexed by changes of population and
employment, provided that,, 5 < , Which explains the naneeror correction model.

In other words, regional labour markets can be idansd to be in equilibrium when the
ratio of potential labour supply and expected lalm®mand in the first equation, and
the ratio of employment and expected labour suppthie second equation, attain their
long run values. When the population in a regidiarige with respect to expected
labour demand, population growth here will be sroateris paribus. Reversely, when
employment in a region is large with respect toeex@d labour supply, employment
growth here will be small ceteris paribus. In thisy, regional population and

employment can be seen to adjust towards equifibriu

The notion underlying the ratio’s of labour demamdl supply igarticipation. We say
that a regional labour market is in equilibriunausf equilibrium share of the population
participates (supplies labolir)When population in a region is large with respect
expected labour demand, given the spatial distobudf employment, participation
here is low compared to its equilibrium value. Tiniplies that competition for jobs on
the regional labour market is high, so that it srendifficult for people to obtain a job.
In turn, this can be expected to depress net imegmigration and thus population
growth. When employment in a region is large webpect to expected labour supply,
given the spatial distribution of population, peigation here is high with respect to its
equilibrium. Competition for workers is thus highdait is more difficult for firms to

hire someone in this region. This can be expedetkpress employment growth.

° Note that participation is defined here as theesbéthe potential labour force that has a jobthso
unemployed do not participate in our definition.



Thus we have derived a regional labour market madetre regional growth of
population and employment responds to developmermspected labour demand and
supply, and to deviations labour market equilibAithough the model may seem to
differ strongly from the one proposed by Boarn®&94a, b) and others following him,
we show in the appendix that imposing a parametriction leads to a specification
that has exactly the same dynamic properties andael. This implies that we can test
down from a general model to the lagged adjustrdgnamics that is assumed in this
literature. However, our general model identifieshbshort and long run effects, and
therefore provides more information on the undedyiabour market adjustment
processes. Another difference with these studidseisvay in which we account for
commuting. Instead of using a rather mechanicaiapaeight matrix, we interpret this
matrix in terms of expected regional labour demand supply. As shown in the
appendix, this leads to a different specificationthe next section, we will apply this
model to regional labour markets in The Netherlaants derive an estimable

specification.

3. Application to population and employment growth in The Netherlands

The geographical structure of the area analysea lla$ining importance for the way
regional population and employment interact. Asharee argued in the introduction to
this paper, it would be inappropriate to view thetirlands either as a metropolitan
area or as containing various metropoles. In fedlie country contains numerous
relatively small cities that are not strictly segtad by rural areas, yielding overlapping
urban areas. Labour markets overlap as well. Famgie, it takes only about one hour
by train to travel between Amsterdam and Rotterdamiwo largest cities in the
Netherlands. Moreover, a large number of citiesrasdlential areas lie between them.
Commuting between these cities is substantialhabtheir labour markets are far from
closed. Because the regions we analyse are not fanggr than citi€S, they should be
considered overlapping urban and labour markesasavell. On this scale residential

1 These regions are called COROP areas, and thegideiwith European NUTS Il level. Most regions
contain one larger city.



migratiort* plays an essential role in population developmgnte these moves are not

intra-regional in genertl

The geographical structure of the Netherlands dhiffisrs significantly from US
metropolitan areas. Another striking differencenssn these two countries is the
institutional setting. Regulation of labour and kimg markets in the Netherlands is
much stronger than in the US. Most wages are bagdaat the national level by labour
unions (this holds for about 80 percent of all emgpks), employer organisations and
the government. Firms cannot easily adjust thegesdo regional labour market
conditions, so wage differentials (corrected farspeal characteristics and the sectoral
composition of employment in a region) are likedybe smalf®. Housing markets in the
Netherlands have been strongly regulated as wadt{@&d and Wagtendonk, 2003).
Through zoning and other tools, both the nationdllacal governments have been
heavily involved in regional supply of hous&<rucially, governments determine the

location of new housing stock, and not so muchheket.

Having sketched the geographical and institutige#ting of our analysis, we now
apply the regional labour market model derivechmprevious section to the Dutch
situation. We do so by introducing relevant exptanavariables first for population,
and then for employment growth. Studies on migraioThe Netherlands (Bartels and
Liaw, 1987, Nijkamp and Rietveld, 1981) indicatatthousing markets play an
important role. Therefore, we include growth anghked level of the housing stock in
the population equation. As will become clearethm next section, this latter variable

may indicate equilibrium correction behaviour ogiomal housing markets.

The effect of regional labour markets on populagoowth is accounted for in model

(2.3) by growth of the expected labour demand, ttmmél on the spatial distribution of

! As opposed to labour migration, that may be moneortant on US state level, for example.

2 For example, the housing market in Amsterdam kes bight over the past decades. Many people have
moved outside this city but on acceptable commutistance. A number of new cities have emerged
(Almere, Zoetermeer) that have very little emplowytia proportion to the number of residents, beeaus
most people commute to other regions. Populatiomtr in these cities seems to have been determined
by supply of houses and their distance to employroentres.

¥n turn it has been shown using micro data thatinal wages are hardly a motive for labour migmatio
(see Van Dijk et al., 1998).

* This is probably one of the causes for laggingpsum certain areas, so that regional housingepric
differentials have persisted. Housing markets ewlest of the country, which is the most densely
populated, have been tight throughout our periodbskrvation.
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employment, and deviation from a long-run relatldpsWe also include the ratio of
regional added value to employment, which is a mneafor labour productivity.
Productivity should translate into wages in contpagilabour markets, so that this
variable may reflect the response of migratioreional wage differentials.

Because in the regional labour market model, pdjomas interpreted as potential
labour supply, we only consider population agedvben 15 and 65. Dutch
municipalities hold records of the local populatien we do not have to rely on
censuses for measuring population growth. Instiede records allow us to
decompose annual population growth into naturabfadn increase and net internal
and foreign migration. Internal migration is theigale that reacts strongest to
developments on regional labour and housing markats natural population increase
should not respond at all. Therefore, our analyssomes more accurate if we model
net internal migration instead of regional popwatgrowth. A net migration model can
be derived from (2.3) by moving natural populatiocrease to the right hand side of the
population equation. The coefficient of this latter variable is nostricted because due

to competition on housing and labour markets, atreg effect may be expected.

Mainly for reasons of robustness, we will estimatadel (2.3) in log linear form. It is
obtained by taking logs of all variabtféexcept net migration and population increase,
these variables should be divided by lagged patelatbour forc&”. However, we
present a linear form in this section for easexpbsition. Substituting the explanatory
variables into the population growth equation ofdelq2.3) then yields the following

model for net migration:

NIM = A +B, +a,AEMPi; +a,PROi 14 + a'aAHC)Ui’t +a,NI Pi,t

_ , (3.1)
+0a,POR,, + @, EMPi 1 +a,HOU, , +u,,

where:

'3 |n this study we ignore net foreign migration.

'8 For the growth variables, logs should be takeotesfirst differencing.

" The growth rate of population is approximately @do the ratio of its first difference and lagged
population. Now the first difference of populatican be decomposed into net internal and foreign
migration and natural population increase. We revthie model in such a way that the ratio of net
migration and lagged population becomes the dependeiable, and the ratio of natural increase and
lagged population is an explanatory variable.

11



NIM, , : net internal migration (incoming minus outgoimg)population

aged between 15 and 65 (potential labour force);

PRO,;: productivity, regional added value divided by éoyment;
HOU, , : housing stock (number of dwellings);

NIP, : natural increase of the population aged betviéeand 65;
POR,: potential labour force, population aged betwggmand 65.

Note that the model (3.1) has been reparametraesirhplicity, long run relationships
can be derived from there parameters in a straigh#ird way. Productivity, affecting
labour demand, is multiplied by the same matifxas regional employment. Also, we
have included region and time specffixed effects A; andB;. Econometrically, the
model is specified as a two-way error componentdeh@@altagi, 2001). We thus
control for both regional heterogeneity (such agrenmental amenities) and national

trends, which strongly reduces the risk of omittadables biases.

Similarly, we derive a model for regional employrhgrowth in The Netherlands from
the second equation in system (2.3). In this magtelwvth as well as the lagged level of
expected labour supply, conditional on the spdigttibution of population, are
included. We enter yet two more variables thatcfi@our supply through
participation. The first one is the ratio of thawher of children aged under 15 to the
potential labour force. A high proportion of chigalr can be expected to affect
participation negatively, since they require c&aecond variable is the proportion of
the potential labour force aged under 35, whicka$f labour supply positively since

participation decreases with age.

To the extent that regions produce for other regimmabroad (export), developments in
(inter)national demand are expected to affect rejiemployment. If demand shifts
upwards for an industry that is heavily represemtezbme region, employment here
should increase. We operationalise this concemtbyducing a (dynamicshare (Barff
and Knight 1ll, 1988) in the model. This is the i@tal employment growth that would
be expected on the basis of national developmewntshe lagged industry composition

of a region.

12



A second demand side factor is the regional pradtictas measured by the ratio of
value added and employment. A larger regional prodty may be the result of
agglomeration economies. Both pooled labour markets (through a more effiti
matching process) and existence of knowledge spitowould predict a higher per
capita productivity (Fujita and Thisse, 2002). Tdhhesonomies of agglomeration may

be expected to attract firms and employment.
Substituting these variables in the employment ¢ginaequation of model (2.3) yields

the following specification (again we present time&r model, although a log linear

specification will be estimated):

AEMPR, = A, +B',+B,APOP;; + 8,CHI 1 + B,AAGE 11 + 8,SHA,,

(3.2)
+ B;PRO, ' B EMR,t—l + [, POPi 1 + Vit
where:
CHI, - ratio of children aged under 15 to the poteréhbur force;
AGE, ,: share of the potential labour force aged under 35
SHA,: share of industries.

This model has been reparametrised as well. Thabtas affecting labour supply are
multiplied by the same matri? as regional population, since participation in one
region may affect employment in another. Also iis #tquation we have included region
and time specific fixed effects. Amongst other gsnthis controls for regional

comparative advantages to the extent that thetiraeeinvariant.

In the specifications (3.1) and (3.2), the time dues are dealt with by subtracting the
national value for all variables, the national eafar net internal migration is zero. The
resulting simultaneous model explains the regideaiations of population and

employment growth from national growth rates, t® ¢éxtent that they vary over time.

13



4. Estimation

In formulating the simultaneous model (3.1) an@)8ve have implicitly made a

number ofexclusion restrictions, some variables in our model enter only one eqoati
Such identifying restrictions are necessary in ptdestimate the system consistently,
since a variable that enters one equation candxtasan instrument for the
endogenous variable in the other equation. Theusian restrictions for equation (3.1)
are that the ratio of children to the potentiablabforce, the share of the potential
labour force aged under 35 and the share of indgsdo not directly affect net internal
migration. The restrictions for equation (3.2) Hrat natural population increase and the

lagged level of the housing stock do not direcffgat employment growtt;.

Excluding demographic factors from the net migmragguation may seem dubious. The
ratio of children to potential labour force migtugttively affect net migration because
households with children are generally less mokitel the share of people under 35
might negatively affect net migration because yopegple are generally more mobile.
We expect however that their effect on participatind therefore employment growth,
is much stronger than any possible effect on pdjuarowth. Validity of these

restrictions will be tested using overidentifyirggtrictions.

Matters are slightly more complicated as exogendiggrowth of the housing stock
cannot be assumed either. It may very well bertrakets and the government respond
to expected demand for housing, which is relatgabjaulation growth and regional
labour market conditions (Rietveld and Wagtend@)3). However, because of
overidentifying restrictions we can use the instemits for employment growth in the

net migration equation to identify the effect obgth of the housing stock as well.

On identification we finally comment that expectaldour demand and supply are
computed using weight matrices derived from a cotimgumodel (see section 2 and
the appendix). In order to obtain consistent esesyave apply the same weight

matrices to the external instruments in the fitagys regressions. This assumes that the

'8 An additional assumption we have to make is thggéd levels of population, employment and
housing stock are exogenous. It is evident thatgvariables are predetermined. However, unbiased
estimation of a fixed effects panel data model fafyrequires strict exogeneity. The assumption enad
in this paper is that the time series in our dataselong, so that the estimators are consistent.

14



exclusion restrictions we make should also holdsfmatially weighted instruments (cf.
Boarnet 19944, b).

The model presented in section 3 will be estimated973 — 2000 Dutch regional time
series. Employment (distinguishing a small numidenadustries) and regional
productivity are based on regional accounts. Ormant comment on the data is that
employment is measured in years and not in persomnisthat we do not have
information on the number of self-employed. Howewer estimates are unaffected as
long as the spatial distribution of the ratio ofgmns to years and the share of self-
employed do not change over time, since this isrothed for by the region and time
specific fixed effects. All demographic informatistems from municipal
administration¥’,

Tables (4.1) and (4.2) show estimation resultetprations (3.1) and (3.2) respectively,
for a number of specifications. We use the twoesddgast squares (TSLS) estimator,
and weight by regional population and employmeveeraged over time. Regional fixed
effects are dealt with by subtracting the time agerfrom all observations, and national
trends are accounted for by subtracting the ndtiwadae of all variables. The
covariance matrix estimator is robust to regioretEhoskedasticity and autocorrelation
of arbitrary form within the regional time seriés

In the first specification of the migration equatigrowth of expected labour demand
and growth of the housing stock are instrumentet thie ratio of children to the
potential labour force, the share of the potetdilabur force aged under 35 and the
share of industries. In this specification, growthhe housing stock turns out to be the
most important variable. A unit elasticity is nejacted, so that a one percent increase
of the number of houses in a region leads to alptipn increase through net internal
migration of about one percent. This finding maijeid the housing market tightness
over our period of observation. Also the laggectl®i the housing stock has a
significantly positive effect, which indicates eljoiium correction behaviour on

housing markets as we will see shortly.

' Most data come from Statistics Netherlands, exiréptmation on the regional housing stock, which
was provided by ABF Research.

20 See Wooldridge (2002). Autocorrelation within tlegional time series can be substantial, but we
prefer a model where only short and long term ¢fface estimated to a full dynamic model.
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Specification I 1 [l \
growth housing stock 0.832 * 0.820 * 0.772* 0.772*
0.181 0.184 0.202 0.202
growth labour demand -0.047 * 0.028 0.030 0.030
0.099 0.013 0.013 0.013
productivity 0.013 0.012 0.012 0.012
0.007 0.006 0.006 0.006
natural population increase| -0.087 -0.087 -0.086 -0.086
0.034 0.034 0.035 0.035
population level -0.070 -0.072 -0.072 -0.033
0.012 0.011 0.012 0.015
labour demand level -0.014 -0.007
0.013 0.013
housing stock 0.046 0.045 0.039
0.022 0.023 0.024
housing market equilibrium -0.039
0.024
national trends incor. incor. incor. incor.
regional dummies incor. incor. incor. incor.
R-squared (demeaned) 0.319 0.323 0.327 0.327

Table 4.1: net migration (equation 3.1), variables marked with a * are instrumented,
regional fixed effects and national trends are incorporated by demeaning all variables,

robust standard errorsareitalic style

Both the lagged level and growth of expected regfitabour demand, conditional on
the spatial distribution of employment, are insfigaint. This would imply that an
increase of employment in a regional labour maalkketcts net migration neither in the
short nor in the long run. The only labour marletated variable that appears
significant is productivity, which may be interpedtas a measure for income. However,
the effect is very small. If productivity in a regi doubles with respect to national
productivity, the population will increase by abauie percent through net internal
migration according to the model.

The effect of natural increase of the potentiablatforce is significantly negative.
These young people compete for houses and jobshwdejpresses incoming migration
or leads to higher out migration. Given the doma®af the housing variables in the

model, housing market tightness is likely to bertiwst important factor behind this
finding.

The significantly negative effect of the laggeddeef population has various

interpretations. In the first place, because tlea &f a region is time invariant, and
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therefore taken account of in the fixed effectss tlariable may be interpreted as
population density. The result then indicates featple have moved to less densely
populated areas, which is something we have agtabBerved over the past decades.
Secondly, there may be a long run relation betwsgulation, generating housing
demand, and housing supply. In combination withtp@ssignificance of the housing
stock coefficient, the result may thus be parttgipreted as a response to deviations

from regional housing market equilibria.

We have performed Hausman tests on the modelstdaieexogeneity of the
instrumented variables. At the 5-percent level gexeity of growth of the housing
stock was rejected, but growth of expected labemnahd not. Therefore, in a second
specification only the former variable was instrumteel. This yields a more precise
estimate of the effect of growth of expected labdemand. Now we do find a
significantly positive effect, but it is very smalll labour demand doubles in a region,
then population will increase with three percemotiyh net internal migration in this
model. Other coefficients are similar to the fspecification.

In the third specification, we have removed vaealthat were insignificant at the 5-
percent level in the second specification, in daise only the lagged level of expected
labour demand. This variable can be used as ati@uliinstrument for growth of the
housing stock. The coefficient of that variabla isit lower, but does not differ
significantly from the second specification. Sigraihce of the lagged level of the

housing stock now drops below the 5-percent leD#ierwise results remain similar.

Finally we try to disentangle the effect of thedad level of population into a density
effect and equilibrium correction on housing maskéthis requires the assumption of a
unit long run elasticity between population and $ing stock. Regional population and
housing stock are then assumed to be in equilibiiuhe regional ratio of population
and housing stock equals the national ratio upregen-specific constant, or in the
notation of the previous sectioROR, /HOU, , =@, POR,,, /HOU,, . Estimation of a

fourth specification that includes this equilibriverror term instead of the lagged

housing stock, indicates that through net intenmigiration, regional differences in
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population density are decreased with three pear@mially, and deviations from

housing market equilibria are decreased with farc@nt annually.

In the first specification of the employment eqaatigrowth of expected labour supply
is instrumented with natural population increase e lagged level of the housing
stock. The effect of this variable is positive, mgignificant at the 5-percent level.
However, the lagged level of expected labour supplya significantly positive
coefficient. This indicates equilibrium correction regional labour markets through
employment growth. We come back to this point wiiscussing the fourth

specification.

Specification I 1 11 \Y
growth labour supply 0.036 * 0.052
0.029 0.039
ratio of children -0.075 -0.075 -0.076 -0.076
0.029 0.029 0.028 0.028
share of people under 35 0.086 0.085 0.089 0.089
0.041 0.042 0.040 0.040
share of industries 0.124 0.124
0.341 0.341
productivity 0.028 0.028 0.028 0.028
0.011 0.011 0.011 0.011
employment level -0.114 -0.114 -0.114 -0.053
0.018 0.018 0.019 0.017
labour supply level 0.062 0.063 0.061
0.025 0.024 0.026
labour market equilibrium -0.061
0.027
national trends incor. incor. incor. incor.
regional dummies incor. incor. incor. incor.
R-squared (demeaned) 0.095 0.095 0.094 0.094

Table 4.2: employment growth (equation 3.2 ), variables marked witha* are
instrumented, regional fixed effects and national trends are incorporated by demeaning

all variables, robust standard errors areitalic style

The variables that affect labour supply throughipi@ation, the ratio of children and
the share of the potential labour force aged uB8eboth have significant coefficients
at the 5-percent level. It appears that employrgeswth is smaller in regions where
households have more children on average, andaitgsr in regions where the
potential labour force is relatively young. Of ihemand side factors, the share of

industries coefficient is insignificant even at tti&percent level. However, there is a
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small but significant effect of productivity. Reg®where labour is relatively
productive apparently attract firms. This indicatéesstence of agglomeration effects.

Note however, that the effect is small.

The lagged level of employment significantly affeetnployment growth. Again, there
are various interpretations possible. In the fitate, relatively land extensive industries
may have moved away towards areas where thersspteduction. Secondly, in
combination with the positive significant coeffinigfor the lagged level of labour
supply, this may indicate equilibrium correctiorhbeiour on regional labour markets.

We try to disentangle these effects in the foupibceication.

Exogeneity of expected labour supply growth watetefor by means of a Hausman
test. Exogeneity was not rejected, and theref@edrond specification was estimated
using OLS instead of TSLS. The coefficient of tlagiable is slightly larger, but

remains insignificant even at the 10-percent le@¢her coefficients seem unaffected.

Variables with insignificant coefficients at 5-pent level, in this case the share of
industries and growth of expected labour supplyevaeopped in specification three.
Other coefficients appear unaffected. Finally wig sipe effect of the lagged level of
employment into a density effect and equilibriunnreotion on labour markets. This
interpretation assumes a long-run elasticity betweraployment and labour supply of
unity. Regional employment and expected labour lsugme thus in equilibrium when

the regional ratio of employment and labour sumgglyals the national ratio up to a
region-specific constant, &MP,, /POP;; = ¢, EMP,, /POPwa; . Estimation of this
fourth specification indicates that through empleyrngrowth, regional differences in

employment density are decreased with five peraentially, and deviations from

labour market equilibria are decreased with six@er annually.

The specifications for employment growth all explabout ten percent of the variance,
after controlling for national trends and regiofietd effecté™. This is substantially less

then the share of the variance that is explainethéynigration equation specifications,

I The R-squared statistic is computed as the safahe correlation between observed and projected
employment and migration. Note that instrumentetbtdes are used for this projection, and not the
actual values.
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which is roughly a third. One explanation may bet tational trends are more
important determinants of regional employment grothian of regional population
growth. Another would be that growth of the regiomausing stock largely determines
net migration, and that we do not observe suchnairent variable for regional

employment growth.

We test validity of the instruments used by medrenaveridentifying restrictions test.
In the first specification of the net migration atjon there is only one overidentifying
restriction. The test does not reject the instruesed, but it is rather week because
the share of industries turns out to be a weakunstnt. In the third specification there
are two more overidentifying restrictions, becags®vth of expected labour demand is
assumed exogenous and its lagged level is usadiasteument. Still, the instruments
are not rejected. In the employment equation we luane overidentifying restriction,
which does not reject the instruments used. ThiE#ates that our model is properly
identified.

In the appendix we show that lagged adjustmentmyecs such as used in numerous
studies on the interaction of population and empiegt, can be tested as two joint
cross-equation restrictions on the model proposed. We have tested the lagged
adjustment hypothesis for the second and thirdigeioon of the simultaneous model.
For the second specification, lagged adjustmenauiyes is rejected at the 10-percent
level of significance, and for the third specifioatit is rejected at the 5-percent level.
This indicates that for our data, assuming laggidsément dynamics is inappropriate.
In addition, our findings illustrate that additidmasight into adjustment processes can
be gained from identifying both short and long-affects, a distinction that is ignored

when assuming lagged adjustment dynamics.

5. Conclusions

We have studied the interaction of regional popaiteand employment through labour

markets. A simultaneous error correction modelldesen derived that distinguishes

22 Note that Boarnet (1994a, b) rejects validity isféxclusion restrictions by means of a similat. tele
speculates that this is due to omitted land usaigs. Using regional fixed effects, the risk afitied
variables is strongly reduced in our model, so Watan properly identify the simultaneity of
population-employment interaction.
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short term effects and a response to disequilibridocounting for commuting between
regions, this model incorporates labour demandsapgly, expected on the basis of the
spatial distribution of employment and populatiespectively. It has been shown that
our model generalizes the lagged adjustment spatidh, such as used in Carlino and
Mills (1987), Boarnet (1994a, b) and much of theriture following these papers.

Moreover, this dynamic specification was tested i@pected for our data.

The model derived has been estimated on Dutchmabjione series. These regions are
larger than the municipalities studied in Board&94a, b), but interregional
commuting cannot be ignored. This is partly dutheogeographical structure of The
Netherlands, the regions in our analysis shoulddmsidered as overlapping urban
areas and overlapping labour markets. The datadedhternal migration and natural
population increase, allowing us to model the aghjaprocess more accurately. Finally,
the time series structure of our data enables@cbfor unobserved regional
heterogeneity and national developments by meafiseaf effects. This largely
improves on reliability of the estimates, and eaalgroper identification of the

simultaneity in population-employment interaction.

We find a small effect of growth of labour demamdpmpulation growth through
internal migration. However, the latter variableirsaffected by disequilibrium on
regional labour markets. This finding is consist&ith for example Van Dijk et al.
(1989) and Broersma and Van Dijk (2002), who artipa¢ internal migration does not
serve to equilibrate regional labour markets in Ne¢herlands. However, we do find
an indication that regional wages affect migrati@nowth of the housing stock is by far
the most important determinant. This was expedtesehousing markets have been

tight throughout the past decades, especiallyanatbst of the country.

Consistent with the Boarnet (1994b) hypothesis ¢éngbloyment is not exogenous to
local population growth, we do find a significaffiteet of labour supply in the
employment equation. However, this interactionasthrough an immediate effect, but
employment growth responds to deviation from regidabour market equilibria. We
conclude that equilibrium on regional labour maskistestablished through changes in
employment, rather than migration. This illustrates insights in terms of underlying

adjustment mechanisms that can be obtained bygistshing short and long-run
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effects, something which ignored in a lagged adpesit model. Other supply side
factors, such as the age composition of the patidatrour force and the average
number of children play a significant role as wBlémand side factors such as the share
and productivity are clearly less important, thowghdo find an indication of

agglomeration economies.

The overall picture is that housing markets largidtermine regional population
development, and supply side factors dominate ph&ad distribution of employment.
This evidence is in line with the Borts and Steifg4) hypothesis, see also Muth
(1991). In contrast, it casts doubt on appropriagsrof regional export base and
multiplier models, which heavily rely on the assuiop that local factor supply

constraints are absent.
Appendix 1. atest for lagged adjustment dynamics

We show that lagged adjustment dynamics, suchesinsiumerous papers on
regional population and employment interaction,eeivalent to a restricted
specification of the model derived in section 2e Boarnet (1994a, b) model is used as

example because our model resembles it also im pdrepectives.

Point of departure in this model is an equilibrivetation between regional population,

employment and regional characteristics:
POP*i,t = yEMP*i,t +,U'X” + ui,t ’
(A.1)

EMP*; = OPOP*; a2 A AV

Furthermore, it is assumed that regional populagioth employment adjust towards

these equilibrium values in the following way:
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APOR, = Arop (Pop*i,t _POR,t—l)’
(A.2)
AEMB, = Agyp (EMP*i,t _EMR,t—l)'

It is assumed that the same adjustment dynamidg appotential variables. From

these equations, an estimable model is derived:

APOR, = )IPOP( YEMP; 1 +

1
EMP

Y NEMP + ' X;, - POP HJ ful,,

(A.3)
- 5 - | !
AEMPR, = Agyp| OPOP; 11 + APOPi; +V'Y,  —EMP , |+V/,.
POP
Now this model can be rewritten as a simultaneowss eorrection model:
APOR, = yjpop AEMPi ¢ = Ao (POF{H —yEMPi,t—l)"'APOPIUIX” +U',,
EMP

(A.4)

AEMP = éJIEﬂAPOPi,t —Aewp (EMF:;I_1 - 5POPi,t—1)+ AewpV' Y V.

POP

The simultaneous model (A.4) bears strong resernblamthe one that was derived in
section 2. In fact, the following reparametrisatias to be applied to model (2.3) to

obtain it:

a, =1-Apep B =1=Aeyp

ay = Veor | Aeup By = Aeyp [ Apop

a; = V(/]EMP _1)/1POP //]EMP ﬁs = a_(/]POP _1)/1EMP /APOP
H=Aop V= AgypV’

From this reparametrisation we can derive two i&8ins, which arex, + Sa, = Gnd

B; +a,6, =0. Crucially, these restrictions imply that shortldong-run effects are not
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separately identified in the lagged adjustment rholdés shows that our model
generalises lagged adjustment dynamics, which edadted as two joint cross-equation

parameter restrictions.
Appendix 2: accounting for interregional commuting

In the simultaneous model for population and empieyt growth (2.3), expected

labour demand and supply in a region are compldeeMP;; = zj W%EMPN and
POP; :Z,—VVU?POPM . In these equationsrvﬁ is the probability that someone working

in regionj lives in region, andw; is the probability that someone living in region

would work in region. These probabilities are derived from an estimatadmuting

model, and they are based on distance betweemszgio

Interregional commuting is modelled by means obaldly constrained spatial

interaction model that takes the following form:
COM;;, :\M‘Fi,tEMPj,tA,tBj,tF(dij) : (A.5)

In this model, the number of commut&Z®M; , increases proportionally with the
potential labour forc&\LF,; in the region of residence and employment in éggan of
work, but decreases with a distance decay fundﬁ(ﬂa ) The balancing factorg |
and B;, account for two sets of identities, which are thatgoing flows sum to

regional working labour force, and incoming flowsrsto regional employment. In this
way, the model accounts for unobserved heterogearithe regional level and it is
identified on flows.

We split the distance decay function into three gonents:

F(d,)=exda,D: + BD? + yd, ) . (A.6)
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It is assumed that the number of commuters betweemegions decreases

exponentially with distance. The first dumny corrects for commuting within regions

and the secon®’ measures border effects. We allow all variabldsatee a region

specific effect, in order to deal with regional éreigeneit’.

The parameters;, i andy; have been estimated on 1992 — 2000 commutingfiaata
the Dutch Labour Force Survey. Distance betweenrégmns is measured by the
average number of car kilometres travelled by cotensuSee Vermeulen (2003) for

details.

In order to avoid endogeneity in model (2.3), tmbpbilitiesmﬁ andvv”? are based on

the distance between regions only. Using the estithdistance decay function, they

take the following form:

F(dij) F(djl)

Note that these weights sum to one, which makes thetable for an interpretation as
probabilities. The resulting matriceé and\W? differ from the spatial weight matrices
that are common in spatial econometric applicationig/o perspectives. In the first
place, numbers on the diagonal are smaller thanbmoause diagonal flows have been
included in the commuting model. Compare Boarn@®4h, b), who puts zero’s on the
diagonal of the spatial weight matrix, and addsdantity matrix. Secondly, computing
the required probabilities amounts to column norzaéibn, instead of the usual
procedure of row normalization. Both deviationsrsfeom our interpretation of
spatially lagged employment and population as ebgodabour demand and supply,

conditional on the spatial distribution of theseiafales.

23 Alternatively, we have imposed that seventy peroéthe working labour force works in the
residential region. Estimation results in sectionhere robust to this change.
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