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Abstract

A new forecasting method and its application tor@sery on district level (413 districts) is
presented. The forecasting was performed in 2088.sImulation period started in 2007 with
time horizon 2015. A comparison of empirical datal aimulated effects is shown for the
period 2007 to 2009. The modelling approach bringgether insights from regional
economics, population dynamics and migration. Itbbadtom-up approach the economic
development of the regional revenues and the voloframployment are linked with spatial
redistribution processes due to commuting, migratimd demographic changes. Scenario
based simulations with the time horizon 2015 as® aliscussed, taking into account the
structure of the regional economy and the job ¢juoation of the labour force. The results are
compared with empirical data for the years 2002G09. Due to the last economic crises the
emergence of new regional structures will be shalidcussed.

Keywords forecasting, economic development, gross wagenpay, employment, migration,
labour market, commuting
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1. The IAB-STASA modelling approach

The aim of the regional forecasting approach ofl&STASA model consists in linking the
economic development of the regional gross wagenpay and the volume of employment
with the regional population dynamics due to migratand demographic change. Since the
last two decades the issue of migration has redea/esubstantial attention in the public
debate about spatial population aging and demogragbevelopment. However, only
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moderate attention has been given to the spaielagic impacts of migration, especially on
the labour market, namely regional employment dswekent, regional gross wage
differentials and regional gross wage payment.

It is well known that migration and commuting exhié strong age dependence and are
further determined by spatial barrier effects ansletiof regional socio-economic location
factors related to the regional housing market, l#v®ur market, accessibilities and further
regional characteristics such as cultural, idedalgipolitical and behavioural differences, to
take into account the spatial heterogeneity oforeg(Baas, 2014; Baas and Brucker, 2012).
In the IAB-STASA modelling approach two analysismymnents are combined (Binder,
Haag and Koller, 2002): firstly, the master equatiapproach for modelling of the
demographic development and migration behaviouthef population and secondly, the
interlinked structure of the labour market (Koli@nd Schwengler, 1999 and 2000; Blien,
1998; Blien and Hirschenauer, 1999; Tassinopo@a80).

1.1 Modelling of the population dynamics
The population dynamics is given by (1):
L L
EY(1) =B/ (t-2)+ (0" (1) —d/ ©) B/ (t-1) + X Wy (1) - 2 W/ (1) O
i=1 =1
+ NAW (1)

where E/ (t) indicates the population number of districtand age group (sub population)

y (y=1...,.A), b¥(t) is the specific birth-rate related to districtand d € )the respective
death-rate. The interregional migration flow betwekstricti and districtj is described by
W/ (t), andNAW” ¢ )are the net immigration flows from other counttieslistricti.

The population dynamics within the 413 administatdistricts of Germany (2007) is
based on the master equation framework (Haag andlidfe 1984; Weidlich and Haag,

1988). SinceE! t( )individuals are at timein districti, the probability to migrate to another
district is proportional t& t()Let p; (E ,X:t)be the transition rate frointo j for a member
of the subpopulatiory. Of course, this transition rate depends amongrstbn the explicit

spatial distribution of the populatiore and specific characteristicg& of the district
(Domencich and McFadden, 1975; Fischer et. al.81%8&ag, 1989; Haag and Weidlich,
1984).
In this way the number of changes of location betwine district$ andj are given by (2):
Vvijy(E! Xt) =E'(t-1) pi}/(El X;t)

(2)
= E/(t-1) 2’ (1) O, (d

iVt expU (B, X t) —U/ (B, X))
For the transition ratep; E(X,t; three sets of indicators are important:

= AttractivenessyU ((E,)”(;t) of the particular district for the subpopulatiop depending

on the population distributiorE, the distribution of work places, apartments and
accessibility indicators, to mention a few.
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= Resistance functiofy’(d;,v/;t), representing the spatial interrelation between
regions/districts, depending on “distanag;” between the districts and regional shadow-

costd v/ (E, %;t).

» A time-dependent scaling parametef t that correlates with the global propensity to
move.

It is a general experience that migrants compagattractiveness of different alternatives
with respect to certain characteristics (e.g. wagkand housing conditions). The probability
to migrate from i to | with increasing difference of attractiveness

UY(E . xt)-U/(E X)) >0 is reflected in (2) (Fechner, 1877; Weber, 1908zi6 and
Zanna, 1981). Without any loss of generality theaativeness can be scaled by (3)

ZL:UiV(E,X;t) =0 (3)

The probability to migrate depends strongly on distanced; between the districts and
the available transport system. This dependencgnasielled via the distance deterrence

function (4)
£/ ﬂ @ ey
(dJ 1Y !t) ex F{l"‘ yy(t) l]jij VI (E’ Xlt)] (4)

where the parameterg”,y” and the shadow-costg (E,x;t) are linked to the specific
subpopulationy. The second termv/ (E,x;t) takes into account the heterogeneity of
districts. By definition, the shadow-costs(E, x;t) must fulfil the constraint (5)

2V (EXt)=0. (5)

The parameters of the migration flow model (2) canlibked to the empirical migration
flows W"*™(t) (index emp, and populatiok™(t), respectively. The entropy-calibration

(6)
L yemp Vvljy emp(t)
2% (t)m’( W (0 N

= MIN ZA: ZL:( 0 Wijy(t)]

y=1 i,j=1 ijy(t)

HU/ v, 67,y t)=MIN

1M

with the constraint (7)

2 2 W) = 0 > WD) (7)

y=li,j=1 y=1i,j=1

! The shadow-costs take region specific additioratiér effects into account, which are not appratety

described by travel time or distance only. A pesitvalue of l/iy (E,)?,t) means that less migration acts out of
regioni are observed as in the average expected compmatied tistance to other regions.

2EBL 30), 276-287, 2014 278



G. Haag, P. Liedl, B. Schwengler and E. Sdogou nBouc crisis and new regional structure in Germany

leads finally to the regional attractiveness intbhcaU iy(E, X;t), the shadow-costsqy(é,i;t),
the mobility to migrates¥ (t) and the resistance parametgrgt) , y” (t) .

The estimated attractiveness indicators and shamsts obtained in the first step can now be
related to spatial location factoxs, n=1,... via a multiple regression:

U/(E, %)= alx v/ (E,%) =Y b/x" (8)

A sequence of potential explanatory variables, mugaber of jobs available, the number of
vacant dwellings, wages, unemployment rate, gregsnal-product, shop distribution and
other local infrastructure factors have been ailyjcused and tested (Bjorn, Mitze and
Untiedt, 2010).

1.2 The labour market

Regarding the regional level, two fundamental cpteean be distinguished: Registration of
data at the place of residence (WO) and registratiodata at the place of work (AO). The
link between both concepts is performed by comnsuter

The gross wage payment and the volume of employifmemiber of working days of all
employees) are basic input variables of the maom@mic accounting procedure. Both
variables are assigned to the employees and coaisiygjuare also distinguished according to
their place of registration.

The number of employable persons (age group betw&eand 65 yearsEF"°(t) is
obtained via a sum over the population numberb®tbrresponding age groups (9)

<65
EF"°(t) = > E"() )
y>15
The number of employed persons at the place oflease B () is then obtained as a
fraction of the number of people of employable €8

B =7"(t) ER"®) (10)

where the labour force participation rag® t (eflects among others regional disparities

(Franz 1997).
The link between the number of employees liablesdoial insurance, registered at the

place of residenceB"® t ()and registered at the place of woB'°t (9 provided by
commuters (11):

B =B'M) + Y [AR (1) - AR™ (1) (11)
i
where APijWO” AO
work j.
The regional volume of employmerBViAot (9an be calculated via the number of

(t) represents the number of commuters from placewofeh to the place of

employment casesBF"° t ( )nultiplied by the number of days of employment peip
TpBF(t), or alternatively by the number of employ&3S t , (ultiplied by the number of
days of employment per capif@B t ()

2EBL 30), 276-287, 2014 279



G. Haag, P. Liedl, B. Schwengler and E. Sdogou nBouc crisis and new regional structure in Germany

BV, () = B"°(t) LIR(t) TpBF(t) = BF, (t) TpBF(t)
=B"°(t) TpB(t)

The regional gross wage payment or regional inc@h&"°(t) on the level of districts

represents the sum over all gross earnings of gmglpersons liable for social insurance
(IAB 2001) (13):

(12)

BLS"(t) = BV,"°(t) WpT (1) (13)

Therefore, the regional gross wage paymBh§*° t ca) be directly obtained from the

volume of employmenBV*° t( nultiplied by the average regional wages per AT (t . )

Of course there exists a strong cross-link betwegional developments, supply and demand
of employment (Bade and Niebuhr, 1999; Nijkamp,3)98

2. Forecasting of the development of the economiasis in Germany

The focus of the forecasting is related to the tpagod of the last economic crisis in Europe.
The simulations start in 2007 and show the expeittgghct of the economic crisis on the
development of all 413 districts of Germany as wasl on the aggregated level: East-
Germany, West-Germany, Germany as the whole. Asxample the development of the
districts of the State of Bavaria are consideramte Eomparison reasons the data base up to
the year 2009 could be used.

For the first year of simulation (2008) regressimadels were applied (see 14, 15). After
2008 scenario techniques are introduced in ordestinate the spatial effects of the crisis as
well as the expected overall development of ther@erdistricts (see 16, 17). Three scenarios
have been considered: most optimistic developnexgected development and pessimistic
development of some influencing variables like deeelopment of the number of short time
workers, the changes in the wages, to mention a fewhe following the assumptions,
hypotheses and results related to the most optomstenario are presented, since a
comparison with empirical data of the years 2008 2009 shows that the economic crisis for
Germany was less dramatic as expected (see FiyamdShad merely lead to a stagnation in
the economic output.

Assumptions and hypotheses (used optimistic sa@nari

= In March 2009 more than 700.000 short-time worlegesregistered in Germany. It is
assumed that a part of the short-time jobs aresfeared into unemployment,
depending on the job-qualification level and thanwhes of the industry.

= The economic crash has an impact on the developofi¢he regional wage level. It is
assumed that in 2009 the regional wage levels t@mgnating and start in 2010 to
increase again, with the rate before the crisis.

= Furthermore, a slow increase of productivity isuassd. This may - in the long run -
lead to a reduction of the number of jobs.

» |t is assumed that in 2010 the situation on theuabmarket and the number of
unemployed on average is rising to 4.1 million (2609).

In March 2009 the number of new reports of compana@ncerning short-time work
reached with almost 700.000 employees its peaku(Eidy).
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Figure 1. View of short-time-work activities (empgkes), source: |1AB
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The wages per daypT (t) are estimated via a multiple regression (14). @egie wages
of the previous year, the change of the gross-dompsoduct ABIP(t —1), and the GINI-
coefficient GINI(t — Dconcerning the yearly regional income distributiand a dummy

variable to distinguish between East or West Gerdiatricts are of importance. The GINI-
coefficient is used as a common measure of stalstispersion, this means of regional
inequality. The importance of spatial autocorrelatmeasures and measures of inequality for
the understanding of regional development, esggaidlregional employment is discussed
e.g. in Zierhahn (2012).

WpT (1) = hWpT (t -1)*°, GINI, (t -1, ABIP(t - 1), EF*°(t - 1) "

The number of days of employment per capiaBF t i§ )also calculated for the year

2008 via a multiple regression (15). As explanatomariables the rate of
unemploymenALOQ (t — 1) the GINI-coefficientGINI(t — 1) the wages per dayVpT (t)

and the workplace density become significant.

TpB (t)"° = q(ALOQ (t —1),GINI, (t 1), LpT (t - 1), workplaceensityt — 1)) (15)

For the forecasting period after 2008 different eibdg approaches and heuristic
assumptions (time series) have been applied (16, 17

WpT(1)*° = f WpT(t-1)*,...)

TpB ()™ = g(TPB(t-D"...)

(16)

(17)

In Figure 2 the development of the average wagesdpg WpT ¢ )in East and West

Germany are shown. Empirical data exist until 2Q@attical line), then forecasting starts.
These curves are obtained via averaging over ait\erman and East German districts in
order to show the overall development of the avweragges per day of West and East
Germany and Germany as a whole.
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Figure 2. Development of the average wages perofl&ermany (2004 to 2007 empirical data, 2008 tH520
simulated data), source: STASA
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In Figure 3 the development of the days of emplaymeer year are depicted. The
economic upswing between 2004 and 2007 has lead tncrease in the average number of
working days per year of about 2% in East Germarty stopped the decrease in the number
of working days in West Germany. The economic &1i8i2008 and 2009 forced a reduction
in the working days by almost 1.5% in East and 1i@%/est Germany. Starting with 2011
the number of working days per year indicates arsreaovering approaching the values of
2007-2008 around the year 2014.

Figure 3. The development of the days of employnpamtyear (2004 to 2007 empirical data, 2008 to5201
simulated data), source: STASA
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In Figure 4 the simulated development of the volwhemployment is shown. According
to the scenario a dramatic decrease in the voluhmamployment (3%) between 2008 and
2010 was expected. After the year 2010 it is exggb¢hat the volume of employment is
increasing again and reaches the level of 200&nar2013.
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Figure 4. Development of the volume of employmdrBermany (2004 to 2007 empirical
data, 2008 to 2015 simulated daw@)yce: STASA

106%

104% —| West Germany

S 102% |

3 ;

> L A ’

0 100% +—& Yordr v

o N ‘ ! - .

S ogy Ny s 1 Germany
s NN

[} -

g 9% A East Germany

94%

92%

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

year

The reduction in the total volume of employment @hd development of the wages
determine the temporal evolution of the gross wamement (Figure 5).

Figure 5. Development of the gross wage paymerGa&imany (2004 to 2008 empirical data, 2008 to 2015
simulated data), source: STASA
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It was expected that due to the economic crisiddtes gross wage payment of Germany is
shrinking by 2.7% or 21.200 Mio. €. This concerlisreomes of employed persons liable for
social insurance. It becomes also obvious thatstienate for the duration time of the current
economic crisis a period of almost 3.5 to 4 yeAreomparison with empirical data of the
years 2008 and 2009 shows that the economic evisssless dramatic as expected and has
merely lead to a stagnation in the economic outpbts may be explained partly by the
successful labour market policy of the Federal Exyplent Agency in Nuremberg. The
augmented possibility to introduce for a certametiperiod the instrument of short-time work
relaxed the labour market and facilitated the eounick-up which already started at the
end of 2009. The number of employees in 2009 wamstl 30 million compared with the
previous year 2008 with 30.05 million employeese Thrrected average gross wage payment
in Germany, despite the crisis 2009 increased thjidly about 0.2% or € 1.710 Mio. £.
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3. Forecasted spatial interdependencies: example Baia

In order to show the impact of the crises on spatracture, the development of the expected
trajectories on the district level without crisesl Wwe compared with the expected trajectories
with crises using scenario technique. It is assyrtteat on the basis of multiple regression
results the regional attractiveness indicatorad8jigrate, as well as the variables wages per
day (14, 16) and working hours per day (15, 17) loarappropriately estimated for all 413
districts. Moreover, the impacts of the crises superimposed by redistribution effects not
related to the crises, e.g. by events planned enldhg-run. In addition assumptions
concerning cross-boarder migration have to be imptged. Here we follow in part the
assumptions used by the Statistische Bundesamgbatien.

Based on experience it is reasonable to assumeptsitive/negative economic effects
must exist over a longer time period in order tocoasidered in the decision process of
employees to migrate. Therefore, the effects ottimes on population distribution as well as
related economic impacts will be considered aftercuanulating period of 5 vyears.
Furthermore it is assumed that only a part of thpugation, roughly estimated about 10%
(part of the population with appropriate charastess) will consider the impacts of the crises
in its decisions to migrate. For all others no demin its migration behaviour are expected.
The development of the different districts of Baaas based on the following classification
scheme for the cluster identification:

* Population development: < -0.1%
* Population development: > +0.1%
e Population development: -0.1% and + 0.1%

A comparison of the expected development of théewdiht districts without crises and
with crises yields therefore 9 possible clusterswklver only 7 types of clusters can be
identified (see Figure 6):

Cluster 1: Growth of population increased by thises
Districts belonging to this cluster are the motofsBavaria: Munich City, Augsburg City,
Nuremberg City, and some others.

Cluster 2: Loss of population increased by theeasis
Many smaller cities and rural districts belong histcluster: Wunsiedel, Coburg, Cham,
Bayreuth, Ansbach, to mention a few.

Cluster 3: Strong growth of population will be speyl by the crises
Only one district, namely the City of Ingolstadidregs to this cluster. Especially Ingolstadt
depends strongly on car industry (Audi) and relaectors. Since in Germany especially the
car sector was mostly affected by the crises, itel@ble that this region will loose high
qualified employees due to labour force migration.

Cluster 4: Growth of population will be diminishbg the crises
Districts of this cluster are Firth City, Freisi8gad Tolz, Dachau, Rosenheim, Landsberg,
Lindau and a few more. The positive populationease of these districts will be diminished
due to the impacts of the crises, but will stayijpees

Cluster 5: Population losses due to the crisesmainbe compensated
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The crises enforce out migration of population Ire tlong-run, leading to a negative
population balance. The districts are Erlangen,&iggensburg, Schweinfurt City, Kelheim,
Aschaffenburg City, Landshut, Ostallgau, to menadiew.

Cluster 6: Population development not affectedheydrises
To this cluster belong the more rural districts ikgd Ebersberg, Passau, Furth, Rottal-Inn,
Kulmbach and Kaufbeuren.

Cluster 7: Population gain due to the crises can oompensate the losses due to out
migration
Migration events influenced by the crises have sitp@ impact on the population balance of
these districts and reduce the expected out magrafihis cluster is build by the districts
Wuerzburg, Altoetting, Kempten, Hof and BayreutlyCi

4. Conclusions

The complexity of forecasts at the regional leweguires not only the involvement of many
endogenous and interrelated variables and an apg®pnodelling of the corresponding
driving forces but also the possibility to introguexogenous shocks. Of course, labour force
migration and commuting are influenced by the depedent of the economy. However, the
inertia of migration processes lead to a delayadtien of the labour force on the crises.

In order to demonstrate the impact of the criseshenspatial interdependencies between
districts of Germany the development of the expkdttajectories on district level with and
without crises are compared. Multiple regressiaresused to model the driving forces of the
process for all 413 German districts.

A comparison of the gross wage payments for thesyeb2008 and 2009 shows that our
scenario, despite the fact that it was assumea teeby positive, was not positive enough to
explain the real development of Germany throughrett@omic crises.
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Figure 6. Expected impacts of the current econamsges on population development of Bavaria (distavel).
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