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ABSTRACT
Locational Choice and Spatial Wage
Inequality*
During the last few decades, aggregate wage growth has been very unevenly distributed
across space in Germany. While wages in Southern German local labor markets rose by up
to 28 log points, they increased only modestly or even declined in the north. Similar results
apply to employment changes. Overall, this has led to a strong positive correlation between
local wage and employment growth. What is driving these differential trends across space?
This paper examines to what extent regions with growing employment are increasingly
paying workers higher wage premia or, in contrast, to what extent the quality of workers
in growing regions has risen. To decouple the demand for skill and supply of skill from each
other, I estimate how regional wage premia have changed over time using administrative
panel data that allow me to hold constant changes in unobserved worker quality. I find
that wage premia in regions with expanding employment did not rise more than in regions
with declining employment. Instead, the quality of workers in growing regions went up.
I investigate the importance of various possible observables for this relationship including
local amenity differences, changes in occupation and industry structure as well as variation
in education rates. Last, I explore the impact of changing wage premia and changing
worker quality on the recent rise in the density wage premium.
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Introduction

Inequality in developed countries has increased substantially over the last decades (Acemoglu
and Autor, 2011). One important factor contributing to this trend are increasing spatial disparities between booming and declining areas like San Francisco and Detroit in the US or Munich
and Essen in Germany (Blanchard and Katz, 1992; Moretti, 2012; Dauth et al., 2019). In fact,
these growing disparities have led many countries to implement “place based policies” aimed
at reducing regional wage inequality (Glaeser and Gottlieb, 2008; Kline and Moretti, 2014). The
reasons for why wages and employment in some areas are rising while shrinking in others are
not yet fully understood, however.
Figure 1: Changes in employment and wages across West German regions
(a) Wage changes over time

(b) Employment changes over time
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Notes: Figure 1a shows the change in average log wages within local labor markets over time. Figure 1b shows the change in log
employment. Shaded lines in the background represent 182 West German detailed local labor markets. The four groups show
a classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern
areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on
BBSR (2014). The thickness of a shaded background line corresponds to the number of employed workers in a local labor market
averaged across years 1985 until 2010.

Germany is no exception with respect to large heterogeneity in wage and employment
growth across space. While real wages of prime age men in Germany rose by around 10 log
points between 1985 and 2010 on average, this wage growth was very unevenly distributed
geographically.1 Figure 1a shows average log wages of 182 distinct German local labor markets
relative to 1985. Wages in Southern German local labor markets increased by up to 28 log
points but much less so in northern regions – irrespective of being rural or urban. On average,
1

One may view it also as a consequence of these diverging trends that the German government has appointed
a commission on “equitable living conditions” in 2018. The aim of this commission is to provide recommendations
for achieving spatial convergence in factors ranging from local debt and employment opportunities to infrastructure, public services and social cohesion. The federal state of Bavaria has even made it the state’s obligation to
ensure equitable living standards across rural and urban places by incorporating that obligation into its constitution.
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southern wages grew by roughly 16 log points and by only 7 log points in the north. The
same pattern is to be found in Figure 1b with respect to changes in regional employment.
Employment increased in Southern Germany and decreased in the north.
There exist many potential explanations for this but the simultaneous rise in southern
wages and employment suggests that demand for workers’ skills increased relatively more in
the south than in the north. Another potential explanation would be that worker quality rose
in Southern Germany; or more generally, that worker quality rose within regions where employment increased. This paper attempts to separate these two competing explanations with
the aim to get a more comprehensive answer to the question: are increasing geographical differences driven by spatial changes in the demand for skill or the supply of skill?
For that, I estimate how regional wage premia paid for a unit of skill have changed over
time in detailed local labor markets by exploiting administrative panel data with high quality information on workers’ location choices. Importantly, the employed estimation method
allows workers with heterogeneous skills to self select into local labor markets depending on
where they can make the highest wages and profit from other, non-wage aspects which might
influence their utility in a generalized Roy model framework (Roy, 1951; Dahl, 2002). This accounts for the fact that differential changes in wages across local labor markets can either be
the result of changes in wage premia paid to all workers within a local labor market, or be the
result of changes in the quality of local workers.
I adopt a method which originally focused on estimating returns to occupational skills in
the face of worker self selection (Böhm et al., 2019). Therefore, I exploit accelerations and decelerations of individual workers’ wage growth over time and by region together with workers’
location decisions to estimate changes in local wage premia.2 Intuitively, the estimated wage
premium within a region is rising if workers’ individual wage growth accelerated over time
and is declining vice versa. The estimating equation is derived from an explicit model of locational choice based on workers’ comparative advantage which allows for a structural interpretation of the estimates. This is in contrast to more common fixed effect models (Abowd et al.,
1999; Combes et al., 2008, 2012; Dauth et al., 2019). Importantly, identification in the employed
method does not rely on the exogenous mobility assumption (made explicit in Combes et al.,
2008) and so is largely robust to workers switching location because of idiosyncratic error realizations. Apart from that, one can easily control for differences in life cycle skill accumulation
2

See Wheaton (1979) and Blanchard and Katz (1992) for early papers which attempt to identify the role of
regional supply and demand shocks from local employment growth and wages.
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profiles across regions (see also the discussion about the importance of this in Glaeser, 1999;
Wheeler, 2006; De la Roca and Puga, 2017).
By exploiting the conditional wage growth of regional movers, I am also able to control and
estimate how other, non-wage aspects like local amenities have differentially changed over
time. The idea for this is that (conditional) average wage growth associated with switching
from a southern region to a northern region should be relatively high if amenities in the north
are low. Wage growth then serves as a compensating differential (Rosen, 1986; Roback, 1988;
Sorkin, 2018).
I find that local labor markets with growing employment did not feature rising wage
premia. This conflicts with the fact that wages in growing regions increased more than in regions where employment declined. It suggests that the simultaneous rise in southern wages
and employment is rather due to sorting of high skilled workers into the south than due to increasing southern demand. In fact, the residual between growth in average wages and changes
in (quality adjusted) wage premia is informative about changes in worker quality within the
model framework. I find that the quality of workers rose more in regions with growing employment, i.e. Southern Germany. Put differently, this suggests that regions with expanding
employment exhibit positive skill selection.3
There exist several potential explanations for the positive correlation between worker quality changes and employment growth which are independent of the model. First, shifts in observables such as the occupation, education and industry structure might have been different
between rising and deteriorating regions (Findeisen and Südekum, 2008). Second, increases in
employment density might have raised agglomeration economies making workers and firms
become more productive in booming regions (Duranton and Puga, 2004). Third, skilled workers could increasingly sort into high amenity places (Diamond, 2016). I cannot completely separate these (non-exhaustive) explanations. Instead, I will focus on the importance of changes
in the occupation, education and industry structure as well as local amenities in greater depth.
I find that regions, in which worker quality improved, also experienced disproportionate
increases in the amount of workers employed in managerial, professional and technical (high
wage, high skill) occupations. Further, growth in high-skill service and machine building industries as well as growth in the number of university graduates was larger in these regions.
In contrast, worker quality declined in markets with rising production and manufacturing em3

This is in strong contrast to the findings in Böhm et al. (2019) regarding occupational growth. Böhm et al. (2019)
find that occupational wage and employment growth are uncorrelated because of selection effects in Germany. This
is similar to findings for the US by Hsieh et al. (forthcoming).
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ployment.
To quantify the magnitude of changes in the industry, education and occupation structure
for the correlation between worker quality and employment changes, I perform a reweighting
exercise following DiNardo et al. (1996). I reweight observations in 1985 by assigning higher
weights to occupation-region (as well as industry-occupation-region and education-region)
cells if the number of workers within such a cell increased over time. Using these weights, I
recalculate the elasticities between worker quality changes and employment changes. I find
that the elasticities drop substantially when reweighting with occupation and industry but
much less so for education. This underscores the importance of spatially uneven occupational
and industrial change for geographic differences in wage growth (Duranton, 2007; Südekum,
2008; Findeisen and Südekum, 2008; Amior and Manning, 2018).
Furthermore, I find that regions with high estimated amenity values have experienced positive worker quality growth. This is consistent with skilled workers increasingly sorting into
areas with high living standards (Diamond, 2016). As the amenity estimates are somewhat
noisy because they are identified from movers’ wage growth, I additionally collected data on
an amenity index reflecting amenities such as sunshine duration, restaurant and physician
density as well as data on crime rates and the number of students per school. The amenity
index alone is highly predictive of worker quality changes. In line with that, worker quality
also increased in areas with low crime rates as a proxy for disamenities. When taking all model
independent explanatory variables together (i.e. occupation, industry, education and amenity
proxies), 59% of the spatial variation in quality changes can be explained by these observables
which is sizable.
In the last step, I use the estimates of changes in wage premia and worker quality to shed
light on the rise in spatial wage inequality: I investigate the importance of changing worker
quality and changing wage premia for the rising density wage premium; a measure which
reflects inequality between rural and urban places and so is important for overall spatial inequality.
I find that dense areas experienced a larger increase in worker quality consistent with the
rising density premium. However, improving worker quality was completely offset by declining wage premia in heavily populated areas. Instead, the reason for the rise in the density
premium is due to a decline in employment of the formerly densest places (industrial places
like the Ruhr area) and a contemporaneous increase in the density of formerly less populated
places (mainly in rural Bavaria). Together with changes in average wages being unrelated to
4

1985’s market densities, this has boosted the density wage premium overall.
The remainder of this chapter is as follows. Section 2 discusses the related literature. Section 3 shows facts of regional wage dispersion in Germany, and presents first evidence on
workers’ spatial self selection patterns. In Section 4, I lay out the employed method and give
some evidence on the appropriateness of the required identifying assumptions. I describe the
results on how wage premia and worker quality have changed across German local labor markets in Section 5. I also evaluate possible determinants of spatial differences in worker quality
changes in that section. Section 6 analyzes reasons for the rising density wage premium. Section 7 concludes.

2

Connection to the Existing Literature

This paper is related to several strands in the urban economics literature. First and foremost,
it is related to the literature about spatial sorting of skill across places and the urban wage
premium (Berry and Glaeser, 2005; Moretti, 2013; Eeckhout et al., 2014; Dauth et al., 2019).
The closest paper in that part of the literature is work by Combes et al. (2008) who investigate the importance of worker sorting on spatial wage disparities. Using French panel data
from administrative records, they find that the elasticity of wages with respect to density drops
substantially when including worker fixed effects. They interpret this finding as evidence of
sorting of more skilled workers into denser areas.4
Three major points distinguish their work from this paper. First, Combes et al. (2008) do
not exploit the dynamics of sorting over time. Instead, they are interested in absolute wage
differences between more or less dense places. Second, their approach requires much stricter
assumptions on the determinants of location decisions. Importantly, they assume that moving decisions must not be based on realizations of idiosyncratic error draws. Although, the
approach taken in this paper strictly needs this assumption as well, Böhm et al. (2019) show
in Monte Carlo analyses that their method is much more robust to the violation of exogenous mobility. Third, Combes et al. (2008) remain largely agnostic about the mechanism for the
sorting effect as they do not derive their estimation strategy from an explicit model describing workers’ decisions. Despite that, they acknowledge that self selection of workers based on
their comparative advantage may be a reason for higher wages in denser places.
4

In follow up work, Combes et al. (2012) then estimate full distributions of skill in local labor markets and find
that dense places are not only more skilled on average but are also characterized by a higher dispersion of skill
consistent with Eeckhout et al. (2014).
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The second part of the literature this paper contributes to, deals with the importance of
dynamic skill accumulation effects for differences in wages between urban and rural workers
(Glaeser, 1999; D’Costa and Overman, 2014). For example, in contrast to Combes et al. (2008),
De la Roca and Puga (2017) find that workers in cities do not have higher unobserved ability
than other workers initially, but instead accumulate skills at a faster rate through learning by
working in dense places. Workers take the accumulated skills with them when leaving to less
dense places. De la Roca and Puga (2017) argue that the sorting effect found by Combes et al.
(2008) is rather due to the higher skill accumulation present in cities which leads to biased fixed
effects estimates. Complementary to their work, this paper also accounts for the importance of
spatial differences in skill accumulation. I find that, indeed, denser places exhibit much steeper
skill accumulation profiles.
Third, this paper adds to the literature on the importance of local amenities for location
decisions, urban growth and inequality (Rosen, 1986; Roback, 1988; Glaeser et al., 2001). For
instance, Diamond (2016) investigates the changing sorting pattern of college and non-college
workers in the US based on wages, housing prices as well as local amenities. She finds that
college workers increasingly concentrate because of differential changes in local demand. This
sorting comes at the cost of higher increases in local rents in skilled areas, however. In turn,
these high rent places also have high amenities to compensate and attract high skilled workers. In the estimation, I account for the fact that workers’ location decisions not only depend
on potential wages but also depend on local prices and amenities. In a final step, I exploit correlations between the estimated amenity values (as well as externally collected amenity data)
and worker quality estimates.
The last part of the related literature deals with the role of spatial changes in the occupation and industry structure for local employment and wage growth (Blanchard and Katz,
1992; Duranton, 2007; Dustmann and Glitz, 2015; Amior and Manning, 2018). With respect
to the German case, for instance, Findeisen and Südekum (2008) evaluate the importance of
changes in the local industry structure as well as human capital for urban growth. In line
with them, I also find that regions, which were able to “reinvent” themselves by adopting to a
changing occupation-industry structure, exhibited rises in worker quality. This highlights the
importance of structural change taking place unevenly across space (Autor, 2019).

6

3
3.1

Spatial Changes in Wages and Employment
Data

For all of the analyses, I make use of the Sample of Integrated Labor Market Biographies (SIAB)
Regional File provided by the IAB Institute at the German Federal Employment Agency. The
SIAB is a 2% random sample of administrative social security records from 1975 to 2014. It is
representative of 80% of the German workforce and includes employees covered by social security, marginal part-time employment, benefit receipts, officially registered as job-seeking or
participating in programs of active labor market policy. The SIAB excludes the self-employed,
civil servants, and individuals performing military service. Most notably, it contains individuals’ full employment histories including detailed data on wages, place of work, occupation and
industry along with socio-demographics such as age, gender, and the level of education.
Place of work corresponds to the political district (Landkreis) a plant is located in.5 I map
every district (in former West Germany) into one of 182 local labor markets and drop all observations within East German districts. The classification of local labor markets is based on
commuting flows of workers as described in Kropp and Schwengler (2011) and Dauth et al.
(2019).6 I further aggregate these 182 local labor markets into four categories: urban - south,
urban - north, rural - south, and rural - north. The assignment of regions to rural and urban
markets is based on a classification of BBSR (2014). Southern regions are located in the federal
states of Baden-Wuerttemberg and Bavaria. Appendix A.1 provides more information on the
spatial distribution of this classification.
I prepare the data in the exact same way as Böhm et al. (2019). Importantly, I transfer the
spell structure into a yearly panel by deleting all spells except for the longest spell within a
year. I stochastically impute wages above the social security limit (as in Card et al., 2013), and
restrict the sample to 25 to 54 year old German men working full-time in former West Germany
between 1975 and 2010.
For some parts of the analysis, I rely on aggregations of detailed occupations, industries
and education. See Appendix A for the details. Appendix A also contains information on collected amenity data and local price indices.
5
Theoretically, a move between districts can therefore also reflect the move of a plant. This is very rare in
practice, however.
6
The number of 182 local labor markets differs from the 204 markets which Dauth et al. (2019) use in their
main analysis because some rather sparsely populated districts are aggregated further due to data anonymization
in the Scientific Use File I exploit. Hence, where the mapping is not one to one, I further aggregate these local labor
markets into larger markets. See Ganzer et al. (2017, Table A.9) for the exact aggregation of districts because of
anonymization in the SIAB Scientific Use File.
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3.2

The Geography of Wage and Employment Changes Across Germany

German wage inequality has increased a lot during the last few decades (e.g. Dustmann et al.,
2009). An important contributing factor are rising wage differentials across space (Moretti,
2013; Dauth et al., 2019). What are the drivers of these increasing spatial differences? Are they
the result of demand having declined in previous industrial clusters like the Ruhr area; but
having increased in Southern Germany where many high tech firms operate (Findeisen and
Südekum, 2008)? Or are these spatial changes the result of high skilled workers increasingly
moving to high amenity areas (Diamond, 2016)?
Figure 2: Relation between employment growth and wage growth
(a) Employment changes and wage changes

(b) Average wage changes, 1985 – 2010
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Notes: The vertical axis in Figure 2a shows the change in average log wages between 1985 and 2010. The horizontal axis depicts
the change in log employment between 1985 and 2010. One bubble represents one of 182 West German local labor markets
aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of
employed workers in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets
into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg
and Bavaria. The classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted
by the number of employed workers. Figure 2b plots the change in average log wages between 1985 and 2010 across Germany.
East Germany is left out of the analysis.

Figure 2a shows that regional wage and employment changes have been strongly correlated in West Germany. Rising employment was accompanied by rising wages: a region with
10% more employment growth experienced 1.4% more wage growth on average. Geographically, wages primarily grew in Southern Germany (see Figure 2b) and stayed largely constant
or even declined in the north.
There are two distinct explanations for the positive correlation between wage and employment growth. First, this positive correlation seemingly suggests that regions with rising employment experienced increases in demand for skill leading to employment and wage gains.
This assessment, however, crucially relies on the composition of worker quality not having
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changed over time in response to the change in demand. This brings me to the second possible explanation: if the quality of the average worker in a growing region increased much
more than the quality of the average worker in a region with declining employment, changing
supply of skill would be the more important factor for growing wage disparities.
To separate these explanations, the next section presents a method for estimating how wage
premia, paid for a unit of skill, have changed over time and across space. Crucially, the method
will account for the possibility that workers might self select into regions thereby altering the
skill composition (Combes et al., 2008, p. 15, footnote 27); and that life cycle skill accumulation
might be different across regions, for instance, because urban places facilitate learning (Glaeser,
1999; De la Roca and Puga, 2017).
But before that, I will briefly summarize evidence that the positive correlation between
wage and employment growth is rather due to a changing skill composition than due to spatial
differences in altering wage premia. Appendix B presents four stylizes facts. It shows correlations between local employment growth and (1) changes in occupational employment shares,
(2) changes in industrial employment shares, (3) changes in education shares as well as (4)
relative wages of regional entrants.7 These correlations are informative about the observable
types of attracted workers (e.g., high or low skilled) and the types of jobs workers in growing
regions increasingly perform (e.g., service or high-tech). In total, these stylized facts suggest
that growing regions were able to attract workers of comparably high quality as well as jobs
performed in occupations and industries located in the upper part of the wage distribution.
In fact, the share of workers in managerial, professional and technical (high wage, high
skill) occupations increased much more in growing than in declining regions (see Appendix B.1).
The opposite is true for service and care (low wage, low skill) occupations whose share decreased in regions with growing employment. The geography of changes in the share of managerial, professional, and technical occupation is striking. Despite the number of workers in
that group increased by roughly six percentage points between 1985 and 2010 overall, this rise
almost exclusively took place in Southern Germany.
A similar result applies to changes in industrial employment shares (see Appendix B.2).
I aggregate industries following Bárány and Siegel (2018) into manufacturing, high-skill services and low-skill services. In addition, I distinguish the machine building sector from the
remaining manufacturing sectors because of Germany’s large and increasing number of firms
engaged in machine engineering (Findeisen and Südekum, 2008). In fact, wages within ma7

Appendix B also shows maps which plot the variation of these variables across space.
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chine building are the highest across industries and have even increased much more over time
than in high-skill services (21 log points compared to 8 log points). On average, the share of
workers employed in machine engineering firms increased in growing local labor markets and
declined vice versa. In contrast, both high- and low-skill services primarily grew in regions
with declining employment. Therefore, not only the share of workers employed in high paying
occupations rose within expanding regions over time; but also the share of workers employed
in high paying machine building firms. Similar to the shares of high wage, managerial, professional and technical occupations, most of the local labor markets with increasing machine
building shares were located in rather rural Southern Germany. This region underwent a dramatic transformation process. It was formerly “dominated by traditional industries but then
developed rapidly over the 1970s and 1980s to become one of Germany’s leading high-tech
states” (Findeisen and Südekum, 2008, p. 15).
Contrary to that, there is no relation between employment growth and changes in the share
of university graduates (see Appendix B.3). Indeed, neither the share of university graduates
nor the shares of medium or low educated workers increased differentially between growing
and declining regions. The main reason is that growth in the proportion of university graduates
primarily took place within cities which did not become denser over time. I will come back to
this interesting observation in Section 6.
Last, Appendix B.4 shows average wages of entrants to local labor markets relative to the
wages of incumbents. This exercise is informative about the pattern of market entrants’ quality
across space. An entrant can be anybody who is newly observed in the local labor market in
the current period, joining the labor force for the first time, switching from a different region,
or entering from unemployment or outside of the labor force. Clearly, under that definition, all
relative entry wages are well below zero. This is not surprising because entrants typically have
less experience than incumbents and their matching might be worse. What is more surprising,
however, is the positive relationship between entry wages and employment growth: the more
employment within a local labor market is growing, the higher are relative entry wages. This
finding is consistent with the hypothesis that entrants to regions with rising employment are
of comparably high quality which is reflected in their comparably high wages. 8 Appendix B.4
further shows that the positive relationship still holds when controlling for age, education or
occupation.
8

Böhm et al. (2019) find the exact opposite with respect to occupational employment growth: the more an
occupation is growing, the lower are the wages of entrants to that occupation relative to the wages of incumbents.
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Nevertheless, the positive correlation does not appear when defining an entrant as a mover
joining the region from another local labor market only. Under that definition, the positive
correlation falls close to, or even below zero.9 In fact, the correlation between employment
growth and relative entry wages is mainly driven by labor market entrants. One reason for
that might be that schooling systems of growing regions in Southern Germany are comparably
better (Combes et al., 2012).10 Another explanation could be that most of the sorting of workers
happens right after their graduation from school or university.
In summary, with the exception of changes in education shares, regions with growing employment seem to have experienced comparably positive changes in their occupation and
industry structure as well as seem to have attracted entrants of relatively high quality. This
already suggests that worker quality might have improved in regions with growing employment. The next sections will investigate this in detail.

4

Estimating Local Wage Premia and Amenities

This section shows how to estimate changes in location specific wage premia paid for a unit of
skill as well as changes in local amenities within a generalized Roy model setting (Roy, 1951;
Dahl, 2002). The method applies an insight from Böhm et al. (2019) on the relation between
wage growth of individual workers and their location choices in panel data allowing for
worker self selection because of changing wage premia and changing amenities at the same
time. The method leads to an estimation strategy which is feasible also for a large set of local
labor markets.

4.1

Model

Worker i at time t faces the problem of choosing in what potential local labor market l =
1, . . . , L to work in. The worker is assumed to choose the region in which his (log) utility
would be highest:
ui,t = max{u1,i,t , . . . , uL,i,t } =

L
X

Il,i,t ul,i,t

(1)

l=1

The realized utility of a worker depends on the chosen location Il,i,t ≡ 1[ul,i,t ≥ uj,i,t ∀j 6= l].
This choice, in turn, hinges on latent (real) wages wl,i,t the worker can potentially earn in the
9

Notice that this might also provide evidence against the hypothesis that growing regions need to pay higher
wages to attract workers because of search frictions. If that were true, relative entry wages of movers should also
be positively correlated with local employment growth.
10
Consistently, the ratio of students per school is lower in growing regions. I will come back to this later.
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different regions as well as non monetary local amenities vl,i,t in a linear and additive way.11
This rationalizes that not all workers move to the best paying regions immediately but weigh
up wages and amenities (Rosen, 1986; Roback, 1988):
ul,i,t = wl,i,t + vl,i,t

(2)

Potential wages wl,i,t depend on the worker’s individual skill si,t common across regions and
their contemporaneous return in the local market πl,t . Hence, for a given unit of skill, the
worker might obtain a very different wage premium depending on where he chooses to work.
Variation in wage premia might exist in spatial equilibrium because, for instance, demand in
some places might be higher than in other places (Bound and Holzer, 2000). In addition, potential real wages depend on a time constant price index rl which describes differences in price
levels across areas.12 The choice model therefore reflects workers balancing wages, amenities
and local prices in equilibrium as is common in the urban economics literature (Glaeser, 2008).
Furthermore, latent amenities hinge on the (overall) local amenity value of a region ψl,t as
well as an idiosyncratic evaluation of a region εvl,i,t . This specification rationalizes, for instance,
workers switching out of regions with highest wage premia and highest amenities and into
low return, low amenity regions for idiosyncratic reasons:
wl,i,t = πl,t + si,t − rl

(3)

vl,i,t = ψl,t + εvl,i,t

(4)

The main aim of this paper is to estimate how local wage premia πl,t have evolved over time
across different local labor markets as well as how amenities ψl,t have changed across regions.
Böhm et al. (2019) show how one can estimate these parameters in panel data with information on workers’ individual wage growth as well their decision in what market to work in.13
Building upon their insight and letting ∆ denote changes between periods t−1 and t, workers’
11
Note that log additivity implies that latent utilities in non-log terms are defined as: Ul,i,t = Wl,i,t Vl,i,t . This
implies that wages and amenities are complements for a worker so that an amenity is valued the more, the higher
the wage is. This might reflect that workers can only enjoy amenities if their wage is sufficiently high.
12
Data on local price differences comes from Kawka et al. (2009) who compute consumer prices by district with
prices collected between 2006 and 2008. Unfortunately, up to now, there is no comprehensive panel data available
with information on how prices have changed over time and across German regions.
13
In their application, a market refers to an occupation k. See their Appendix B for the details on the derivation
of an estimable equation with respect to both changing occupational skill prices and amenities.
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real wage growth can (approximately) be described by a linear equation:

∆wi,t =

L
X

I¯l,i,t ∆wl,i,t −

l=1

I¯l,i,t =

Il,i,t−1 +Il,i,t
2

L
X

(5)

∆Il,i,t v̄l,i,t

l=1

is an “average” choice indicator equal to 0 when worker i did neither work

in l at t or t − 1; equal to 1 if he decided to stay in l between these periods; and equal to 0.5 if
he either entered or left l at t or t − 1. Hence, I¯l,i,t describes the average sorting between two
periods.14
In turn, ∆Il,i,t = Il,i,t − Il,i,t−1 contains information on the changing sorting. ∆Il,i,t equals
+1 if i switched into l at t, equals -1 if i left l at t, and is zero otherwise. Because of the general
difference between ∆Il,i,t and I¯l,i,t when there is enough regional mobility, average amenities
and changes in potential wages can be separately identified from workers’ wage growth and
their location decisions relative to a base period t = Tbase and relative to a base region l = Lbase .
Intuition In total, Equation (5) consists of two sums. The first summand on the right hand
side of Equation (5) is a purely pecuniary part: if a worker stays in local labor market l (I¯l,i,t = 1,
∆Il,i,t = 0 ), his observed wage gain equals the potential wage change ∆wl,i,t in that local labor
market. In turn, the potential wage change depends on how market wage premia evolve and
how the worker’s skill changes.
In contrast, if the worker switches from market l to m (I¯l,i,t =

1
2,

∆Il,i,t = −1 as well as

I¯m,i,t = 12 , ∆Im,i,t = 1), one half of his wage growth is approximated to stem from the origin
region’s potential wage change; and one half of the wage growth to stem from the destination
region’s potential wage change. The exact allocation of wage growth into origin and destination region is unknown as the data does not contain any information at what exact wage the
worker would be indifferent (Böhm et al., 2019).
However, the observed wage change of a moving worker will not only depend on pecuniary motives. Instead, the observed wage change also depends on the amenity differences
between regions l and m as amenities serve as compensating differentials in this framework
(Rosen, 1986; Roback, 1988). If, for instance, amenity values in Northern Germany are comparably low, wage growth of switchers from Southern to Northern Germany should be relatively
high to compensate workers for the potential decline in utility due to low amenities in the des14

vl,i,t +vl,i,t−1
denotes
2
ψl,t +ψl,t−1
ψ̄l,t =
as well
2

Likewise, v̄l,i,t =

the systematic part

the average amenity value of region l between t − 1 and t including
as the idiosyncratic part ε̄vl,i,t =

13

εv
+εv
l,i,t
l,i,t−1
2

.

tination region. Not accounting for the importance of amenities in location decisions (as is also
the case in simple fixed effects models) might therefore severely bias the results as high wage
growth of movers would then be attributed to high skill growth.15
The second summand on the right of Equation (5) incorporates the influence of amenities
on workers’ observed wage growth: with optimal choices, a worker’s observed wage growth is
the change in the potential wage of the destination region minus the utility gain (or loss) from
the behavioral response of switching region. That is, if a utility-optimizing worker chooses to
move from the less desirable region l to the more desirable region m, in the data that worker’s
wage growth should be lower than predicted by the changing relevant potential wage alone.
Vice versa, observed wage growth should be higher than the potential wage change when a
worker moves from a more desirable region to a less desirable one.
Average amenity values can therefore be identified by comparing the (conditional) wage
growth of movers to the wage growth of stayers. However, I can only identify them relative to
a base region which I choose to be the rural region Lbase = Husum located in the most northern
part of Germany. Mechanically, the reason is that the ∆Il,i,t sum to zero over all l which leads to
multicollinearity. The economic reason is that choices and wages can only be used to identify
relative utilities but not utility levels.
Disentangling growth in wage premia from growth in individual worker quality requires a
further parameterization of the skill accumulation function:
∆si,t = f (Xi,t−1 ) + εsi,t

(6)

= Xi,t−1 Γl0 ,l + εsi,t

(7)

According to Equation (7), workers’ skill accumulation linearly depends on observables Xi,t−1
and an unobservable skill shock εsi,t which influences workers’ productivity commonly across
all regions. I allow skills to change over the life cycle with the speed of skill growth varying
by age group (in the empirics, I use dummies for ages 25 – 34, 35 – 44 and 45 – 54). Further, I
allow age profiles to vary with previous (l0 ) and current (l) work location. This reflects the fact
that skill accumulation might be higher in urban places (Glaeser, 1999; De la Roca and Puga,
2017). As described later, using such a fully saturated skill model also helps in dealing with
endogeneity of the choice with respect to error realizations. Inserting this yields the following
15

Notice that in a fixed effect model, the estimated fixed effect of a worker moving from a high amenity to a
low amenity region would be higher compared to a scenario in which amenities play no role. The reason for this is
that the worker would be compensated for this less favorable move by a rising wage (Sorkin, 2018). In fact, part of
mover’s fixed effect would reflect amenity differences between regions instead of worker’s time constant ability.
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estimation equation with parameters ∆πl,t , ψ̄l,t , Γl0 ,l estimable by ordinary least squares:16

∆wi,t =
=

L
X
l=1
L
X

I¯l,i,t (∆πl,t + ∆si,t ) −

∆Il,i,t v̄l,i,t

(8)

l=1
0
I¯l,i,t (∆πl,t + Xi,t−1
Γl0 ,l ) −

L
X

∆Il,i,t ψ̄l,t + ηi,t

(9)

l=1

l=1

4.2

L
X

Identifying Assumptions

I now make the assumptions explicit which are necessary for a consistent estimation of the
main parameters of interest ∆πl,t , ψ̄l,t and provide evidence for their plausibility.
Constant Skill Accumulation Function

As already noted in Equations (6) and (7), the func-

tion describing the accumulation of workers’ skills ∆si,t = f (Xi,t−1 ) + εsi,t = Xi,t−1 Γl0 ,l + εsi,t
must not contain a time t subscript to avoid perfectly collinearity between changes in wage
premia and skill changes since I¯l,i,t is interacted with both ∆πl,t (i.e., year dummies) as well as
Xi,t−1 Γl0 ,l (i.e., dummies for age groups, previous and current location). This, in turn, implies
the assumption that skill growth over the life cycle for a worker starting in a market in 1975
is the same as it was in 2010.17 Note that this assumption does not make any restrictions on
the skills of entering workers so that the average skill can change freely. Unfortunately, this
identifying assumption is not testable directly.
Nevertheless, Figure 3 shows that wage growth rates between age groups did not change
too much during 1985–2010, at least within the four aggregated local labor markets. The figures
present a difference-in-difference result showing residual wage growth of young workers (25–
34 year olds, Figure 3a) and middle aged workers (35–44 year olds, Figure 3b) relative to older
workers (45–54 year olds) over time. Holding everything else constant in the model, wage
growth differences between two samples in different age groups but the same local market
should only reflect changes in skill accumulation between these two groups over time as wage
premia and common amenities cancel out for workers within a region. The missing of a clear
trend in these figures shows that wage growth between age groups (and thereby skill growth
rates in the model) did not change much over time.
16

Notice once more that the local price index used to deflate wages across space is time constant because of
lacking panel data (Kawka et al., 2009). As the estimation method will exploit changes over time, the price index
cancels out in ∆wi,t for regional stayers, therefore. Wage growth of movers, which is especially relevant for the
estimation of amenities, depends on differences in local prices and so does not cancel out, however.
17
This assumption is the same as in Acemoglu and Autor (2011) and Yamaguchi (2018). Complementary to that,
Heckman et al. (1998) propose to use old workers for estimation of skill price changes as their wage growth might
be less confounded by skill growth.
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Figure 3: Wage growth differences
(a) 25–34 relative to 45–54 year olds
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(b) 35–44 relative to 45–54 year olds
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Notes: The lines show average individual wage growth from t − 1 to t by year of 25–34 (Figure 3a) and 35–44 (Figure 3b) year
olds minus average wage growth of 45–54 year olds. Results are centered at zero to show trends over time. The shaded areas
around the four lines are 95% confidence intervals. The four groups show a classification of local labor markets into northern and
southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The
classification of local labor markets into rural and urban is based on BBSR (2014).

With respect to the detailed local labor markets, Appendix Figure C.1 shows a differencein-difference-in-difference (i.e., triple difference) result. First, I split the sample in the middle
(1993). Then I calculate workers’ wage growth between two periods and subtract the wage
growth of 45–54 year olds from the wage growth of 25–34 year olds and 34-45 year old workers.
After that, I take averages before and after 1993 and subtract them from each other. Figure C.1
shows the results of this exercise plotted against employment changes. Admittedly, there is
more variation than for the four broad regions so that the assumption of a time constant skill
accumulation function is possibly not exactly fulfilled for every local labor market. However,
most of the accelerations or decelerations in wage growth after 1993 are very close to zero.
Importantly, there seems to be no relation to employment growth.
Base Period With Constant Wage Premia To separately identify changes in wage premia
and skill accumulation parameters from each other, a further restriction on the change in wage
premia is necessary: there needs to be a period in which wage premia have been constant.
Setting ∆πl,t = 0, t = 1975, . . . , Tbase then allows me to estimate Γl0 ,l in that period. As Γl0 ,l
does not change over time by assumption, the conditional wage growth after Tbase is, hence,
informative on the change in wage premia. Analog to Böhm et al. (2019), I set the end of the
base period to Tbase = 1985 for having enough variation to estimate the skill accumulation
parameters. Controlling for how wage growth evolves over the life cycle, the excess wage
growth in t > Tbase therefore informs the estimates about the changing returns.
16

Again, this identifying assumption is not testable directly. However, Appendix Figure C.2
shows that wage and employment changes were much less pronounced between 1975 and
1984. In addition, the figure shows that there has been no change at all in the density size
premium taken place between 1975 and 1985.18 Overall, these results suggest that the time
period 1975–1984 was at least a period with less wage and employment changes compared
to 1985–2010. In addition to that, Böhm et al. (2019) show that, even when the assumption
of constant premia in the base period were violated, the method still identifies an important
parameter: namely, how wage premia changed relative to the change that occurred during
1975–1984. That is, how much the change in wage premia accelerated or decelerated over time.
Distribution of Shocks If ε̄vl,i,t is not common across all markets l = 1, . . . , L and therefore the
locational choice is influenced by the the error draw, a correlation between the choice variables
and the error appears which leads to an endogeneity bias because:
ηi,t = εsi,t −

L
X

∆Il,i,t ε̄vl,i,t

(10)

l=1

Nevertheless, l specificity of ε̄vl,i,t makes the model much more realistic as workers move in all
kinds of directions during their life cycle for presumably idiosyncratic reasons.19 This is why
Böhm et al. (2019) show a large set of Monte Carlo experiments which suggest that the bias
is of small magnitude in realistic scenarios. The reason for that is that the interaction between
previous and current work location in the fully saturated skill accumulation model already
picks up most of the endogeneity as the corresponding parameters in Γ̂l0 ,l , l0 6= l are identified
from the (time constant) sorting of regional movers together with their (biased) wage growth
stemming mainly from the error realizations.
In fact, region specificity of ε̄vl,i,t introduces a substantial bias in the estimates for the skill
accumulation parameters Γ̂l0 ,l , l0 6= l. However, if the shock distribution stayed constant during
the base period and afterwards, the overall bias for the (time varying) wage premium estimates
and the (time varying) amenity estimates is minimal: there should be no excess wage growth
due to the shocks after the base period compared to the wage growth which took place during the base period (provided the shock distribution remained constant). Notice that this is
18
I measure this premium as the elasticity of average wages with respect to market density. Market density is
defined as the number of employed workers in a local labor market divided by the area of a market in square
kilometers. The elasticity was 6.9 log points in 1975 and 7.0 log points in 1985.
19
I assume that skill shocks εsi,t have the same influence across all local labor markets. This is in line with the
assumption that worker productivity is the same across all regions. Hence, there is no endogeneity problem with
respect to the skill shocks as they do not influence workers’ location choices.
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different for fixed effects models as in Combes et al. (2008) who rely on the exogenous mobility assumption which postulates that workers must not move because of idiosyncratic shock
realizations.

5

Local Wage Premia and Worker Quality

This section first presents the estimates of changes in wage premia paid for a unit of skill and
changes in worker quality. After that, I show observable determinants of changing worker
quality which includes evidence on spatial differences in the occupation, industry and education structure as well as variation in local amenities.
Figure 4: Worker quality increased in growing regions
(a) Changes in wage premia

(b) Changes in worker quality
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Notes: Figure 4a shows estimated changes in local wage premia between 1985 and 2010. OLS estimates as described by Equation (9). Figure 4b shows estimated changes in worker quality as described by Equation (11). The horizontal axes depict the
change in log employment between 1985 and 2010. One bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed
workers in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern
and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria.
The classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the
number of employed workers.

Figure 4 shows the main result of this paper. Changes in local wage premia and employment growth between 1985 and 2010 were essentially uncorrelated across local labor markets
(p-value = 0.63). Put differently, changes in wage premia paid for a unit of skill were roughly
equal between declining and growing regions. This finding is in contrast to Figure 2 which
showed that growing employment came in hand with growing wages. Figure 4b shows the
reason for this. It plots the change in worker quality between 1985 and 2010 by market as the
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residual between changes in wage premia and changes in average wages:
2010
X
t=1986

E[sl,i,t |Il,i,t = 1] − E[sl,i,t−1 |Il,i,t−1 = 1] =
|

{z

mean skill change in l

2010
X
t=1986

}

E[wi,t |Il,i,t = 1] − E[wi,t−1 |Il,i,t−1 = 1]
|

{z

}

mean wage change in l

(11)
−

2010
X
t=1986

∆πl,t
| {z }

change in wage premium

Worker quality strongly increased in regions with growing employment. On average, a market
whose employment increased by 10% experienced an increase in worker quality of 1.2%. This
finding is in line with the hypothesis that growing regions were able to attract workers of comparably high quality as already suggested in Section 3.2 that showed remarkable differences in
changes of the occupation and industry structure between growing and shrinking regions.
Figure 5: Geography of changes in wage premia and skills, 1985 – 2010
(a) Changes in wage premia

(b) Changes in worker quality

Notes: Figure 5a shows estimated changes in local wage premia between 1985 and 2010. OLS estimates as described by Equation (9). Figure 5b shows estimated changes in worker quality as described by Equation (11). Assignment of political districts to
West German local labor markets is based on commuting flows and follows Kropp and Schwengler (2011). East Germany is left
out of the analysis.

Figure 5 shows the differential changes in wages premia and worker quality across Germany. There appears to be no clear pattern with respect to changes in wage premia (Figure 5a).
In contrast, Figure 5b suggests that worker quality primarily increased in Southern Germany.20
The general pattern of improving worker quality also appears when using different es20

Appendix Figure D.1 shows the accumulated skill of a hypothetical stayer by market density. In line with De
la Roca and Puga (2017), I find that workers in urban places have higher skill accumulation rates. However, there is
also a lot of variation between urban places. For instance, stayers’ estimated skills at age 54 in Munich are roughly
60 log points higher than in Essen. Part of this difference might be explained by differences in the occupation
structure with high shares of low accumulation, production jobs in Essen and high accumulation, professional jobs
in Munich. See Böhm et al. (2019) for skill profiles by occupation.
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timation methods. Appendix D shows the results of four robustness checks. First, I drop the
terms in Equation (9) which control for changing local amenities. This increases the elasticity
between skill and employment changes further. Second and third, I allow for a more flexible
skill accumulation function by including dummies for occupation and education separately.
This also slightly increases the elasticity between worker quality changes and employment
changes. Last, I estimate changes in wage premia using a fixed effects approach following Cortes (2016). I identify changes in wage premia from year times region dummies and control for
unobserved worker quality with worker times region fixed effects. Additionally, I allow for region specific, concave wage profiles over the life cycle by adding age times region dummies to
the regression. Using this complementary approach, the estimated skill elasticity rises further.
In summary, in all of these robustness checks, there is a zero (or even negative) correlation
between changing wage premia and employment growth. In contrast, employment growth
and skill changes are strongly correlated in all specifications.
There are several (model independent) explanations for the positive correlation between
worker quality changes and employment growth as well as the concentration of positive worker
quality changes in Southern Germany: shifts in observable characteristics such as the occupation, education and industry structure might have been different between booming and declining regions (Findeisen and Südekum, 2008); increasing density of employment could have
raised agglomeration economies in booming regions making workers and firms become more
productive (Duranton and Puga, 2004); there might be an important role which local amenities
play to attract skilled workers (Glaeser et al., 2001; Diamond, 2016).
My aim in this paper is not to fully disentangle these explanations or even uncover causal
relations that determine the performance of local labor markets. Instead, I will develop new
stylized facts about the processes of changing worker quality and employment growth: what
have been the main (observable) characteristics of successful places that experienced a growth
in all three: wages, worker quality and employment? I will focus on the role played by occupations, industries and education as well as local amenities in greater depth.

5.1

The Role of a Shifting Occupation, Industry, and Education Structure

It is well documented across a wide range of countries that the distribution of occupational
and industrial employment has shifted a lot of over the last few decades. Employment declined in routine, producing occupations and increased in analytical, professional as well as
manual, service jobs (Dustmann et al., 2009). Similarly, employment decreased in manufactur20

ing industries and rose in high- as well as low-skill services (Bárány and Siegel, 2018).
What has been less well documented is the fact that changes in occupational and industrial
employment are far from evenly distributed across regions within countries (Autor, 2019).
Section 3.2 already showed up huge differences in changes of the occupation and industry
structure across space. For instance, although the countrywide share of employment within
producing occupations decreased from 58 percentage points to 50 points over time in Germany,
the shifts across local labor markets range from -18 to +3 percentage points (see Appendix
Figure B.1c). In this section, I will now investigate the impact of differential changes in the
occupation, industry, and education structure on changes in worker quality.
Table 1: Observable determinants of changing worker quality
∆s̄l,2010
Panel A
Occupation
growth

Panel B
Industry
growth

Panel C
Education
growth
Panel D
Amenities

Adjusted R2
N

Mgr-Prof-Tech
Sales-Office
Prod-Op-Crafts
Srvc-Care

∆s̄l,2010

∆s̄l,2010

∆s̄l,2010

∆s̄l,2010

∆s̄l,2010

∆s̄l,2010

0.30 (0.00)
0.08 (0.06)
-0.36 (0.00)
-0.04 (0.10)

Machine building
High-skill services
Manufacturing
Low-skill services

∆s̄l,2010
0.14 (0.04)
-0.07 (0.26)
-0.52 (0.01)
-0.09 (0.00)

0.06 (0.01)
0.19 (0.00)
-0.15 (0.00)
-0.07 (0.11)

University degree
Medium educated
Low educated

0.08 (0.02)
0.21 (0.00)
0.04 (0.31)
0.07 (0.10)
0.13 (0.00)
-0.15 (0.01)
0.03 (0.16)

Estimated ψ̄l,2010
Amenity index
Criminal offenses
Students per school

-0.09 (0.04)
0.12 (0.61)
0.00 (0.86)
2.23 (0.00)
0.68 (0.00)
0.07 (0.08)

0.65 (0.00)
0.01 (0.72)
0.04 (0.31)

0.01
182

0.59
182

-0.08 (0.02)
0.35
182

0.20
182

0.06
182

0.13
182

0.33
182

0.03
182

Notes: The panels show results from regressions of estimated worker quality changes on variables varying across panels. Variation comes from differential changes across local labor markets between 1985 and 2010. Changes in worker quality are estimated
according to Equation (11). Results are weighted by the number of employed workers in a market averaged across years 1985
to 2010. p-values are in parentheses. Occupations: Mgr-Prof-Tech: managers, professionals, technicians; Prod-Op-Crafts: production, operators, craftsmen; Srvc-Care: services and care. Classification of detailed occupations follows Acemoglu and Autor
(2011), see Böhm et al. (2019) for the exact mapping. Industries: Machine building: manufacture of basic metals and fabricated
metal products, machinery and equipment, electrical and optical equipment, transport equipment; High skill services: education,
health and social, public administration and defense, compulsory social security, financial intermediation, real estate, renting
and business activities, electricity, gas and water supply, other community, social and personal service activities, communication; Manufacturing: manufacture of wood and wood products, coke, refined petroleum products and nuclear fuel, chemicals;
Low-skill services: hotels, restaurants, wholesale, food. Education: University degree: technical college or university; Medium
educated: Abitur or apprenticeship training; Low educated: without postsecondary education or missing. Amenities: ψ̄l,2010 are
the estimated amenity values according to Equation (9). The amenity index was computed by prognos (2018) combining information on 53 amenity values ranging from sunshine duration to restaurant and physician density. Data on criminal offenses comes
from Bundeskriminalamt (2018). The measure was computed as offenses divided by population collected from Statistische Ämter
des Bundes und der Länder (2017a). Information on students per school was retrieved from Statistische Ämter des Bundes und
der Länder (2017b).

Panel A in Table 1 shows the results from a regression of the estimated changes in worker
quality between 1985 and 2010 on changes in occupational (log) employment. Variation comes
from differential changes in occupational employment as well as quality changes between local
labor markets. Worker quality increased in regions which experienced an increase in managerial, professional and technical (Mgr-Prof-Tech) employment. In contrast, worker quality de21

clined where low wage, service and care (Srvc-Care) employment rose as well as the number of
workers employed in production, operator and crafts (Prod-Op-Crafts) occupations increased.
Similar results apply to the influence of changes in the industrial and education structure
(Panels B and C). Worker quality surged where the amount of workers employed in highskill service industries and machine building expanded as well as the number of university
graduates increased . Hence, only regions which were able to “reinvent” (Glaeser, 2005) themselves through changing its employment structure where able to attract workers of high quality. These results are very similar to the findings in Findeisen and Südekum (2008).
Figure 6: Reweighted skill changes
(a) Match 1985’s occupation structure

(b) Match 1985’s occupation × industry structure
0.6

Essen

0.4

Change in reweighted log(skill), 1985-2010

Change in reweighted log(skill), 1985-2010

0.6
Munich

0.2
0.0
0.2
0.4

= 0.079 (p = 0.07, R 22 = 0.02)
= 0.016 (p = 0.91, R 2 = 0.00)
= 0.021 (p = 0.74, R 2 = 0.00)
= 0.005 (p = 0.95, R =20.00)
= 0.076 (p = 0.31, R = 0.03)

0.6

0.4
0.2
0.0
0.2
0.4
Change in log(employment), 1985-2010
Urban, south
Urban, north
Rural, south

0.6

Essen

0.4

Munich

0.2
0.0
0.2
0.4

= 0.052 (p = 0.24, R 2 =20.01)
= 0.026 (p = 0.87, R 2 = 0.00)
= 0.008 (p = 0.90, R 2 = 0.00)
= 0.008 (p = 0.91, R 2 = 0.00)
= 0.068 (p = 0.35, R = 0.02)

0.6

0.4
0.2
0.0
0.2
0.4
Change in log(employment), 1985-2010
Urban, south
Urban, north
Rural, south

Rural, north

0.6
Rural, north

Notes: Figure 6a shows estimated changes in worker quality as described by Equation (11). Observations were reweighted following DiNardo et al. (1996) to eliminate differential changes in the occupation structure across local labor markets. Figure 6b
repeats this by reweighting observations to eliminate differential changes in the industry times occupation structure across local
labor markets. The horizontal axes depict the change in log employment between 1985 and 2010. One bubble represents one of
182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble
size corresponds to the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a
classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas
are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR
(2014). Regression lines are weighted by the number of employed workers.

To quantify the importance of changes in the occupation and industry structure, Figure 6
repeats the decomposition of changes in wages into changing wage premia and worker quality
according to Equation (11). In addition to Figure 4, I reweighted observations when computing
average wages to eliminate the impact of geographic differences in the number of workers employed in certain occupations, as well as industry times occupation cells, following DiNardo
et al. (1996).21 Compared to the baseline density of skill changes with respect to employment of
12 log points, both elasticities are smaller and become insignificant (p-values rise from 0.02 in
21

Reweighting observations with education shares of 1985 does not change the elasticity at all, see Appendix
Figure D.6. The reason for this is that education and employment growth are virtually uncorrelated (Appendix
Figure B.5). Appendix Figure D.6 also shows the results for reweighting with industries alone instead of industry
times occupation cells.
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the unweighted scenario to 0.07 and 0.24). Reweighting observations with occupation shares
of 1985 induces the elasticity to drop to eight log points. Further reweighting observations to
match the combined occupation times industry structure of 1985 decreases the elasticity further to five log points. Overall, this shows that roughly one third to one half of the increase in
skill within expanding regions is due the disproportionate growth of high paying managerial,
professional and technical as well as machine building employment within expanding regions.

5.2

The Role of Local Amenities to Attract Skilled Workers

The urban economics literature has always put focus on the role of local amenities for the locational choices of the workforce and the spatial equilibrium (Glaeser and Maré, 2001; Glaeser,
2011). Here I will investigate the correlation between the estimated amenity changes as well as
information on collected (time constant) amenity proxies as is also done by Diamond (2016).
Appendix Figure D.7 shows the distribution of estimated amenities, an amenity index
based on information on 53 categories ranging from sunshine duration to restaurant and physician density, data on crime rates as well as students per school.22 In general, local amenities
appear to be higher in Southern than Northern Germany. This is true for both the estimated
amenities as well the amenity index. Consistently, crime rates are lower in the south. In addition, the number of students per school is also lower in Southern Germany.
The results from a bivariate regression of estimated quality changes on amenities are depicted in Panel D of Table 1. Again, variation comes from differences in average skill changes and
amenities across local labor markets. Regions with high estimated amenity values experienced
increases in skill. The same holds for the amenity index. Contrary, areas with high crime rates
exhibited lower skill growth. The relation to the number of students per school is not significant at the 5% level. This might indicate that differences in schooling quality between regions
(e.g., Baumert et al., 2013) play a minor role for the variation in worker quality changes. In
total, this exercise shows that regions which experienced an increase in worker quality also
had higher local amenity values. An explanation for this could be the increasing sorting of
high quality workers into regions with attractive living standards (Diamond, 2016).
Taking all external explanatory variables together, 59% of the variation in worker quality
changes can be explained by these observables.
22

The amenity index was computed by prognos (2018). Data on crime rates per person is from Bundeskriminalamt (2018). Information on students per school was retrieved from Statistische Ämter des Bundes und der Länder
(2017b). Reassuringly, there is a strong positive correlation between estimated amenities ψ̄l,2010 and the amenity
index (p-value < 0.01, see Appendix Figure D.8). This provides additional plausibility for the estimation approach.
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6

Sources of the Rising Density Wage Premium

This section analyses the impact of changing regional wage premia and worker quality on the
increasing wage disparities between German local labor markets.
Figure 7: Density wage premium increased over time
(a) Density premium 1985

(b) Density premium 2010
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Notes: Figure 7a shows average wages in 1985 plotted against market density defined as number of employed workers divided
by area in square kilometers. Figure 7b repeats this for 2010. One bubble represents one of 182 West German local labor markets
aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of
employed workers in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets
into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg
and Bavaria. The classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted
by the number of employed workers.

There is a sizable wage premium which workers receive for working in more dense areas
across countries (Glaeser and Maré, 2001; Combes et al., 2008; De la Roca and Puga, 2017;
Dauth et al., 2019). Germany is no exception. On the contrary, the German density wage
premium has even increased over time. Figure 7 shows that having worked in a 100 log point
denser region (the difference in density between Munich and Göttingen) was associated with
seven log points higher annual wages in 1985.23 This elasticity increased until 2010 by roughly
17%. Is the source of that rise an increased sorting of high quality workers to dense places
like Essen and Munich? Or did wage premia rise more in dense places because of higher skill
demand?
Figure 8a shows the change in estimated wage premia plotted against log density in 1985.
The elasticity of price changes with respect to log density is negative. A 100 log point denser
region experienced a 1.8 log point lower increase in wage premia. One reason for that could
be that dense areas have higher estimated amenity values and so firms in dense places do
not need to pay higher wage premia to compensate workers (see Appendix Figure E.1 for the
23

Density refers to number of employed workers in a region divided by area measured in square kilometers.
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Figure 8: Changes in wage premia and worker quality by 1985’s density
(a) Changes in wage premia

(b) Changes in worker quality
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Figure 8a shows estimated changes in wage premia between 1985 and 2010. OLS estimates as described by Equation (9). Figure 8b
shows estimated changes in worker quality as described by Equation (11). The horizontal axes depicts log employment density
1985 defined as number of employed workers in a market divided by area in square kilometers. One bubble represents one of
182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble
size corresponds to the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a
classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas
are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR
(2014). Regression lines are weighted by the number of employed workers.

positive correlation between estimated amenities and market density). Instead, workers might
sort into dense places because of these higher amenities and give up rising wage premia they
could have earned in less dense places (Roback, 1988).
Notice, however, that the pattern of more favorable amenities in denser places does not
appear with respect to the externally collected amenity data. This might indicate the necessity
of identifying amenities from worker choices within a revealed preference approach instead
of relying on external measures.24 In fact, when I estimate wage premia according to Equation (9) but omit the controls for amenities, the interpretation turns around. Appendix Figure E.2 shows the results: when omitting the terms which control for local amenities, I find that
denser places experienced larger increases in wage premia. This also holds when estimating
changes in wage premia via year times region fixed effects while controlling for unobserved
worker heterogeneity via worker times region fixed effects similar to Combes et al. (2008) or
Cortes (2016). This underscores the importance of a method which is able to distinguish worker
sorting because of pecuniary motives from worker sorting because of non-pecuniary motives.
When ignoring the influence of amenities, estimated changes in wage premia might be biased
24
Alternatively, this might also reflect that amenities increased more in cities and this increase has been relevant
for the changing worker sorting (instead of absolute amenity values). This would not be visible (by definition) in
the externally collected amenity proxies as they are time constant and refer to the values at the end of the sample
period.
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as workers also sort with respect to non-pecuniary aspects instead of potential wages alone.
The sign of the bias, in turn, depends on the correlation between amenities and market density.
Figure 9: Changes in employment and wages by 1985’s density
(a) Density declined in formerly dense areas

(b) Wage changes unrelated to 1985’s densities
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Figure 9a shows changes in employment density of a local labor market between 1985 and 2010. Figure 9b shows the change in
average wages. The horizontal axes depicts log employment density 1985 defined as number of employed workers in a market
divided by area in square kilometers. One bubble represents one of 182 West German local labor markets aggregated from political
districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers in a market
averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern and southern, rural
and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification
of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of employed
workers.

In contrast to the negative wage premium elasticity (again, which only appears when controlling for local amenities), the relation between skill changes and density is positive (Figure 8b). A 100 log point denser region experienced a 1.6 log point higher increase in worker
quality. This effect thereby almost exactly offset the relative decline in wage premia within
dense areas.
If changes in wage premia and worker quality balanced each other, why then did the density premium increase over time? The reason for this is that employment in dense German
regions did not rise further. On the one hand, previously dense places such as the Ruhrgebiet
including Essen lost large fractions of their employment force as shown in Figure 9a. On the
other hand, many less dense areas – mainly in southern Germany – gained employment and
so became denser over time. In combination with almost density independent changes in average wages (see Figure 9b showing the sum of Figures 8a and 8b for completeness), this made
the slope of the density wage premium become steeper over time. Therefore, the rise in the
premium is mainly because of declining employment in the formerly densest areas as well as
expanding employment in previously less dense places. Changes in wage premia and changes
in worker quality, however, have offset each other on average across markets of different dens26

ity.

7

Conclusion

There has been considerable variation in wage and employment changes across German local
labor markets during the last few decades. Whereas southern regions experienced both an increase in wages and employment on average, the opposite was true for many northern regions.
This resulted in a strong connection between wage and employment growth across markets,
seemingly consistent with geographic differences in shocks to demand. This paper has investigated the drivers of these opposing trends in more detail: did demand increase relatively more
in regions with growing employment? Or did worker quality improve in expanding areas?
To separate these two competing explanations, I have estimated selection corrected local
wage premia paid for a unit of skill as well as differences in local amenities within a generalized Roy model setting. In that framework, workers decide in what region to work in based
on latent, potential real wages and local amenities. The model was informed by variation in
workers’ wage growth and their location decisions including workers’ moving behavior.
The results have shown that, contrary to average wages, quality adjusted wage premia
have not increased more in expanding regions. That is, the increase in wage premia workers
get paid for their skills was roughly the same in growing and shrinking local labor markets.
Instead, the quality of workers employed in regions with expanding employment improved.
This resulted in comparably high wage growth within these regions.
I have investigated several potential explanations for this finding by comparing observables of regions with growing worker quality to the observables of regions with declining
skill. Worker quality improved in regions which were able to attract professional and technical
occupations as well as firms engaged in the machine building sector. This primarily happened
in Southern Germany; a region which was able to “reinvent” itself over time (Findeisen and
Südekum, 2008). Average skill also increased in regions with high estimated amenity values.
This suggests that skilled workers might sort into regions with attractive living standards although local prices might be higher in these areas as well (Diamond, 2016); a possibility for
which I control in the estimation.
Last, I have explored the determinants of the rising market density premium. I found that
worker quality has increased more in dense places. This effect, however, was offset by a relative decline in wage premia of dense places. A potential explanation for that might be the
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rising importance of amenities in the location decisions of workers and their wage compensating nature. In line, dense places have higher estimated amenity values in the estimation. This
pattern does not appear with respect to external data on amenity values, however.
Further disentangling possible mechanisms which influence the sorting of skill across space
is a fruitful topic for future research and policy. The answer to the question about how local
labor markets can attract skilled workers and successful firms is of first order importance in
a world of rising disparities (Arntz, 2010; Moretti, 2012); especially in the light of increasing
political polarization between regions because of regional differences in the vulnerability to
technical change and competition from abroad (Autor et al., 2016).
Additionally, it would be interesting to investigate possible sources for spatial differences
in occupational and industrial change. In a first step, one might therefore estimate how the returns to occupational skill have changed over time and across regions. For instance, Manning
and Petrongolo (2017) show that local labor markets are indeed quite local and so should be
the returns to skill. Holding the composition of skill constant, such an exercise would then also
allow to investigate possible sources of changing occupational skill prices by exploiting additional variation across local labor markets. Such regional variation could range from market
thickness in the supply of potential skill (Bleakley and Lin, 2012) to technology investments
(Czernich et al., 2011).
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A

Data Appendix

A.1

Aggregation of Local Labor Markets

Assignment of political districts to West German local labor markets is based on commuting
flows and follows Kropp and Schwengler (2011). East Germany is left out of the analysis. Local
labor markets are further classified into the groups: urban - north (red), rural - north (orange),
urban - south (darkblue) and rural - south (lightblue). Southern areas are located in BadenWuerttemberg and Bavaria. The classification of local labor markets into rural and urban is
based on BBSR (2014). Figure A.1 shows the classification across Germany.
Figure A.1: Spatial distribution of rural and urban Regions

A.2

Aggregation of Occupations

Occupations are categorized into:
1. Managers-Professionals-Technicians (Mgr-Prof-Tech)
2. Sales-Office (Sales-Office)
3. Production-Operators-Craftsmen (Prod-Op-Crafts)
4. Services-Care (Srvc-Care)
Classification of detailed occupations follows Acemoglu and Autor (2011), see Böhm et al.
(2019) for the exact mapping.

A.3

Aggregation of Industries

Machine building: manufacture of basic metals and fabricated metal products, machinery and
equipment, electrical and optical equipment, transport equipment; High skill services: education, health and social, public administration and defense, compulsory social security, financial intermediation, real estate, renting and business activities, electricity, gas and water
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supply, other community, social and personal service activities, communication; Manufacturing: manufacture of wood and wood products, coke, refined petroleum products and nuclear
fuel, chemicals; Low-skill services: hotels, restaurants, wholesale, food. This largely follows
Bárány and Siegel (2018) with the additional differentiation between manufacturing and machine building as, compared to other countries, Germany has a very large and increasing share
of machine building firms (Dauth et al., 2017).

A.4

Education

University degree: technical college or university; Medium educated: Abitur or apprenticeship training; Low educated: without postsecondary education or missing. This classification
follows Fitzenberger et al. (2006).

A.5

Amenity Data

The amenity index was computed by prognos (2018) combining information on 53 amenity
values ranging from sunshine duration to restaurant and physician density. Data on criminal
offenses comes from Bundeskriminalamt (2018). The measure was computed as offenses divided by population collected from Statistische Ämter des Bundes und der Länder (2017a).
Information on students per school was retrieved from Statistische Ämter des Bundes und
der Länder (2017b). Data on a local price index comes from Kawka et al. (2009). Local price
differences correspond to 2006 – 2008.
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B

Observables of Growing Regions

B.1

Occupation Growth
Figure B.1: Changes of occupational employment
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Notes: The vertical axes show changes in occupational employment shares between 1985 and 2010. The horizontal axes depict the
change in log employment between 1985 and 2010. Mgr-Prof-Tech: managers, professionals, technicians; Prod-Op-Crafts: production, operators, craftsmen; Srvc-Care: services and care. Classification of detailed occupations follows Acemoglu and Autor
(2011), see Böhm et al. (2019) for the exact mapping. One bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed
workers in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern
and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria.
The classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the
number of employed workers.
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Figure B.2: Changes of occupational employment across space
(a) Mgr-Prof-Tech

(b) Sales-Office

(c) Prod-Op-Crafts

(d) Srvc-Care

Notes: The maps show changes in occupational employment shares between 1985 and 2010 across space. Mgr-Prof-Tech: managers, professionals, technicians; Prod-Op-Crafts: production, operators, craftsmen; Srvc-Care: services and care. Classification
of detailed occupations follows Acemoglu and Autor (2011), see Böhm et al. (2019) for the exact mapping. Assignment of political districts to West German local labor markets is based on commuting flows and follows Kropp and Schwengler (2011). East
Germany is left out of the analysis.
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B.2

Industry Growth
Figure B.3: Changes of industrial employment
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Notes: The vertical axes show changes in industrial employment shares between 1985 and 2010. The horizontal axes depict the
change in log employment between 1985 and 2010. Machine building: manufacture of basic metals and fabricated metal products,
machinery and equipment, electrical and optical equipment, transport equipment; High skill services: education, health and social, public administration and defense, compulsory social security, financial intermediation, real estate, renting and business
activities, electricity, gas and water supply, other community, social and personal service activities, communication; Manufacturing: manufacture of wood and wood products, coke, refined petroleum products and nuclear fuel, chemicals; Low-skill services:
hotels, restaurants, wholesale, food. One bubble represents one of 182 West German local labor markets aggregated from political
districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers in a market
averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern and southern, rural
and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification
of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of employed
workers.
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Figure B.4: Changes of industrial employment across space
(a) Machine building

(b) High-skill services

(c) Manufacturing

(d) Low-skill services

Notes: The maps show changes in industrial employment shares between 1985 and 2010 across space. Machine building: manufacture of basic metals and fabricated metal products, machinery and equipment, electrical and optical equipment, transport
equipment; High skill services: education, health and social, public administration and defense, compulsory social security, financial intermediation, real estate, renting and business activities, electricity, gas and water supply, other community, social and
personal service activities, communication; Manufacturing: manufacture of wood and wood products, coke, refined petroleum
products and nuclear fuel, chemicals; Low-skill services: hotels, restaurants, wholesale, food. Assignment of political districts to
West German local labor markets is based on commuting flows and follows Kropp and Schwengler (2011). East Germany is left
out of the analysis.
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B.3

Educational Changes
Figure B.5: Changes of education shares
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Notes: The vertical axes show changes in education shares between 1985 and 2010. The horizontal axes depict the change in log
employment between 1985 and 2010. University degree: technical college or university; Medium educated: Abitur or apprenticeship training; Low educated: without postsecondary education or missing. One bubble represents one of 182 West German
local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to
the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a classification of local
labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in BadenWuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR (2014). Regression
lines are weighted by the number of employed workers.
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Figure B.6: Changes of education shares across space
(a) University degree

(b) Medium educated

(c) Low educated

Notes: The maps show changes in education shares between 1985 and 2010 across space. University degree: technical college
or university; Medium educated: Abitur or apprenticeship training; Low educated: without postsecondary education or missing. Assignment of political districts to West German local labor markets is based on commuting flows and follows Kropp and
Schwengler (2011). East Germany is left out of the analysis.
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B.4

Entrants’ wages
Figure B.7: Wages of regional entrants minus wages of incumbents
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Notes: The vertical axis in Panel B.7a shows the average wage of an entrant to a region relative to the average wage of incumbents
in that region. The vertical axis in Panel B.7b shows the (relative) residual wage of entrants after a regression on age and education
dummies. Panel B.7c repeats this and additionally adds occupation dummies to the regression. The vertical axis in Panel B.7d
shows the average wage of a mover from another local labor market relative to the average wage of incumbents in the destination
region. Averages are taken across years 1985 until 2010. The horizontal axes depict the change in log employment between 1985
and 2010. One bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by
Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers in a market averaged across years
1985 to 2010. The four groups show a classification of local labor markets into northern and southern, rural and urban areas (see
Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets
into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of employed workers.
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Figure B.8: Entrants’ relative wages across space
(a) Raw

(b) Conditional on age, education

(c) Conditional on age, education, occupation

(d) Entrant = switcher from another region

Notes: The map in Panel B.8a shows the average wage of an entrant to a region relative to the average wage of incumbents in that
region. The map in Panel B.8a shows the (relative) residual wage of entrants after a regression on age and education dummies.
Panel B.8a repeats this and additionally adds occupation dummies to the regression. The map in Panel B.8a shows the average
wage of a mover from another local labor market relative to the average wage of incumbents in the destination region. Averages
are taken across years 1985 until 2010. Assignment of political districts to West German local labor markets is based on commuting
flows and follows Kropp and Schwengler (2011). East Germany is left out of the analysis.
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C

Additional Results for Section 4.2
Figure C.1: Wage growth between age groups
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Notes: The figures show a triple difference-in-difference result: how much has wage growth of young (Figure C.1a) and medium
old (Figure C.1b) workers relative to the wage growth of old workers changed after 1993 relative to 1993 and before? The horizontal axes depict the change in log employment between 1985 and 2010. One bubble represents one of 182 West German local
labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the
number of employed workers in a market averaged across years 1985 to 2010. The four groups show a classification of local
labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in BadenWuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR (2014). Regression
lines are weighted by the number of employed workers.
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Figure C.2: Changes in employment and wages including base period
(a) Wage changes over time

(b) Employment changes over time
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Notes: Figure C.2a shows the change in log wages within local labor markets over time. Figure C.2b shows the change in log
employment. Shaded lines in the background represent 182 West German detailed local labor markets. The four groups show
a classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern
areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based
on BBSR (2014). The thickness of a shaded background line corresponds to the number of employed workers in a local labor
market averaged across years 1985 until 2010. Figure C.2c shows average wages in 1975 plotted against market density defined as
number of employed workers divided by area in square kilometers. Figure C.2d repeats this for 1985. One bubble represents one
of 182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble
size corresponds to the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a
classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas
are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR
(2014). Regression lines are weighted by the number of employed workers.
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D

Additional Results for Section 5
Figure D.1: Skill accumulation

(a) Dense places have higher skill accumulation

(b) Skill accumulation across space
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Notes: Figure D.1a shows estimated skill accumulation rates Γl,l for a hypothetical market stayer at age 54. OLS estimates as
described by Equation (9). The horizontal axis depicts log employment density 1985 defined as number of employed workers in a
market divided by area in square kilometers. One bubble represents one of 182 West German local labor markets aggregated from
political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers
in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern and
southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The
classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the number
of employed workers. Figure D.1b plots estimated skill accumulation rates across Germany. Assignment of political districts to
West German local labor markets is based on commuting flows and follows Kropp and Schwengler (2011). East Germany is left
out of the analysis.

Figure D.2: Omitting controls for changes in amenities
(a) Changes in wage premia

(b) Changes in worker quality
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Notes: Figure D.2a shows estimated changes in wage premia between 1985 and 2010. OLS estimates as described by Equation (9)
but omitting controls for changing amenities. Figure D.2b shows estimated changes in worker quality as described by Equation (11) again omitting controls for changing amenities. The horizontal axes depict the change in log employment between 1985
and 2010. One bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by
Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers in a market averaged across years
1985 to 2010. The four groups show a classification of local labor markets into northern and southern, rural and urban areas (see
Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets
into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of employed workers.
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Figure D.3: Education dependent skill accumulation function
(a) Changes in wage premia

(b) Changes in worker quality
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Notes: Figure D.3a shows estimated changes in wage premia between 1985 and 2010. OLS estimates as described by Equation (9)
but omitting controls for changing amenities. Additionally, speed of skill accumulation depends on three education groups.
University degree: technical college or university; Medium educated: Abitur or apprenticeship training; Low educated: without
postsecondary education or missing. Figure D.3b shows estimated changes in worker quality as described by Equation (11) again
omitting controls for changing amenities. The horizontal axes depict the change in log employment between 1985 and 2010. One
bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by Kropp and
Schwengler (2011). Bubble size corresponds to the number of employed workers in a market averaged across years 1985 to 2010.
The four groups show a classification of local labor markets into northern and southern, rural and urban areas (see Appendix
Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural
and urban is based on BBSR (2014). Regression lines are weighted by the number of employed workers.

Figure D.4: Occupation dependent skill accumulation function
(b) Changes in worker quality

(a) Changes in wage premia
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Notes: Figure D.4a shows estimated changes in wage premia between 1985 and 2010. OLS estimates as described by Equation (9)
but omitting controls for changing amenities. Additionally, speed of skill accumulation depends on four occupation groups.
Mgr-Prof-Tech: managers, professionals, technicians; Prod-Op-Crafts: production, operators, craftsmen; Srvc-Care: services and
care. Classification of detailed occupations follows Acemoglu and Autor (2011), see Böhm et al. (2019) for the exact mapping.
Figure D.4b shows estimated changes in worker quality as described by Equation (11) again omitting controls for changing
amenities. The horizontal axes depict the change in log employment between 1985 and 2010. One bubble represents one of
182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble
size corresponds to the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a
classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas
are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR
(2014). Regression lines are weighted by the number of employed workers.
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Figure D.5: Fixed effects estimation
(a) Changes in wage premia

(b) Changes in worker quality
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Notes: Figure D.5a shows estimated changes in wage premia between 1985 and 2010. Results were obtained from a fixed effects
estimation including a separate worker-region fixed effect each time a worker revisits a local labor market similar to Cortes
(2016). Wage premia are identified from year-region fixed effects. Region times detailed age dummies control for life cycle skill
accumulation. Figure D.5b shows estimated changes in worker quality as described by Equation (11) using wage premia estimated
as in Figure D.5a. The horizontal axes depict the change in log employment between 1985 and 2010. One bubble represents one
of 182 West German local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble
size corresponds to the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a
classification of local labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas
are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR
(2014). Regression lines are weighted by the number of employed workers.

Figure D.6: Reweighted skill changes, education and industry
(b) Match 1985’s industry structure

(a) Match 1985’s education structure
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Notes: Figure D.6a shows estimated changes in worker quality as described by Equation (11). Observations were reweighted
following DiNardo et al. (1996) to eliminate differential changes in the education structure across local labor markets. Figure D.6b
repeats this by reweighting observations to eliminate differential changes in the industry structure across local labor markets. The
horizontal axes depict the change in log employment between 1985 and 2010. One bubble represents one of 182 West German
local labor markets aggregated from political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to
the number of employed workers in a market averaged across years 1985 to 2010. The four groups show a classification of local
labor markets into northern and southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in BadenWuerttemberg and Bavaria. The classification of local labor markets into rural and urban is based on BBSR (2014). Regression
lines are weighted by the number of employed workers.
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Figure D.7: Amenities across space
(a) Estimated ψ̄l,2010

(b) Amenity index

(c) Criminal offenses per person

(d) Students per school

Notes: The maps show the distribution of estimated amenities ψ̄l,2010 according to Equation (9) as well as collected amenity
proxies across space. The amenity index was computed by prognos (2018) combining information on 53 amenity values ranging
from sunshine duration to restaurant and physician density. Data on criminal offenses comes from Bundeskriminalamt (2018). The
measure was computed as offenses divided by population collected from Statistische Ämter des Bundes und der Länder (2017a).
Information on students per school was retrieved from Statistische Ämter des Bundes und der Länder (2017b). Assignment of
political districts to West German local labor markets is based on commuting flows and follows Kropp and Schwengler (2011).
East Germany is left out of the analysis.
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Change in log(amenity) relative to Husum, 1985-2010

Figure D.8: Estimated amenities ψ̄l,2010 and the external amenity index
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Notes: The vertical axis shows estimated amenity values ψ̄l,2010 according to Equation (9). The horizontal axis shows an amenity
index computed by prognos (2018) combining information on 53 amenity values ranging from sunshine duration to restaurant
and physician density. One bubble represents one of 182 West German local labor markets aggregated from political districts as
suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers in a market averaged
across years 1985 to 2010. The four groups show a classification of local labor markets into northern and southern, rural and urban
areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor
markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of employed workers.
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E

Additional Results for Section 6
Figure E.1: Relation between amenities and density
(b) Amenity index
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Notes: The vertical axes show estimated amenities ψ̄l,2010 according to Equation (9) (Figure E.1a) as well as collected amenity
proxies. The horizontal axes depicts log employment density 1985 defined as number of employed workers in a market divided
by area in square kilometers. The amenity index was computed by prognos (2018) combining information on 53 amenity values
ranging from sunshine duration to restaurant and physician density. Data on criminal offenses comes from Bundeskriminalamt
(2018). The measure was computed as offenses divided by population collected from Statistische Ämter des Bundes und der
Länder (2017a). Information on students per school was retrieved from Statistische Ämter des Bundes und der Länder (2017b).
One bubble represents one of 182 West German local labor markets aggregated from political districts as suggested by Kropp and
Schwengler (2011). Bubble size corresponds to the number of employed workers in a market averaged across years 1985 to 2010.
The four groups show a classification of local labor markets into northern and southern, rural and urban areas (see Appendix
Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The classification of local labor markets into rural
and urban is based on BBSR (2014). Regression lines are weighted by the number of employed workers.
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Figure E.2: Wage premia vs density, omitting amenities, fixed effects
(a) Changes in wage premia, no amenities

(b) Changes in worker quality, no amenities
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(d) Changes in worker quality, fixed effects
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Notes: Figure E.2a shows estimated changes in wage premia between 1985 and 2010. OLS estimates as described by Equation (9)
but omitting controls for changing amenities. Figure E.2b shows estimated changes in worker quality as described by Equation (11) again omitting controls for changing amenities. Figure E.2c shows estimated changes in wage premia by means of a
fixed effects estimation including a separate worker-region fixed effect each time a worker revisits a local labor market similar to
Cortes (2016). Wage premia are identified from year-region fixed effects. Region times detailed age dummies control for life cycle
skill accumulation. Figure E.2d shows estimated changes in worker quality as described by Equation (11) using wage premia estimated as in Figure E.2c. The horizontal axes depicts log employment density 1985 defined as number of employed workers in a
market divided by area in square kilometers. One bubble represents one of 182 West German local labor markets aggregated from
political districts as suggested by Kropp and Schwengler (2011). Bubble size corresponds to the number of employed workers
in a market averaged across years 1985 to 2010. The four groups show a classification of local labor markets into northern and
southern, rural and urban areas (see Appendix Figure A.1). Southern areas are located in Baden-Wuerttemberg and Bavaria. The
classification of local labor markets into rural and urban is based on BBSR (2014). Regression lines are weighted by the number of
employed workers.
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