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Abstract

We develop a quantitative general-equilibrium framework for the normative evaluation
of minimum wages in spatial economies with monopsonistic labour markets. We quan-
tify the model for German micro-regions and successfully over-identify its predictions
against the effects of the 2015 German minimum wage observed in data. Simulating
the model, we find that at low levels, spatially blind national minimum wages can
increase welfare and spatial equity simultaneously. At higher levels, however, welfare
gains are traded against employment losses and spatial inequality. Because regional
minimum wages are not spatially blind, they can increase employment and welfare in
a spatially neutral manner.
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Rising spatial inequalities have become a source of political polarization and a signifi-
cant policy concern. Yet, many policies remain spatially blind, although they are not
necessarily spatially neutral. Federal minimum wages are a typical example. Whether
they increase efficiency or reduce employment in a region of a country critically depends
on their level relative to local productivity. In identifying their optimal minimum wage,
policy-makers, therefore, face a host of questions that are inherently spatial: How does a
federal minimum wage redistribute employment and welfare between regions of different
productivity? What is the role of goods and factor mobility in shaping aggregate and
distributive effects? Is there a trade-off between spatial equity, aggregate employment
and welfare? And can regional minimum wages mitigate such trade-offs?

To answer these questions, we develop a framework for the quantitative evaluation of
minimum wages in spatial economies with imperfectly competitive labour markets. Our
quantitative spatial model can rationalize positive and negative employment effects at
the aggregate and regional level. It is the first to simultaneously account for aggregate
and regional effects of a host of outcomes that have been documented in reduced-form,
including effects on labour force participation (Lavecchia, 2020), tradable goods prices
(Harasztosi and Lindner, 2019), housing rents (Yamagishi, 2021), or commuting costs
(Pérez Pérez, 2020) and worker-firm matching (Dustmann et al., 2022). Our model, there-
fore, is uniquely equipped to study the effects of minimum wages on aggregate employment
and welfare as well as on the spatial distribution of economic activity. A novel insight
that emerges from our quantitative analysis is that a minimum wage can theoretically

aggregate employment and welfare and spatial inequality at the same time.
In a competitive labour market, a binding minimum wage inevitably leads to a reduction
in labour demand in the least productive regions, lowering aggregate welfare and ampli-
fying spatial disparities. In our model, an appropriately set minimum wage can reduce
monopsony power and increase labour demand in regions of below-average productivity.
Via migration, commuting and labour market entry, labour supply adjusts across regions
to accommodate the increase in demand, resulting in a less polarized geography of jobs.
We find, however, that minimum wages that serve this purpose are generally lower than
minimum wages that maximize aggregate welfare, implying a trade-off between aggregate
and spatial distributional effects of national minimum wages. Ambitious minimum wages
in the range of 60-70% of the national median wage—which are currently debated in the
EU, the UK, and the US—may increase welfare at the cost of sizable job loss, which will
be concentrated in the economically most vulnerable regions. Moderate regional minimum
wages offer an attractive alternative that can achieve similar welfare gains as ambitious
federal minimum wages, plus job creation throughout the country.

1See Moretti (2012) and Gaubert et al. (2021) for trends in spatial inequalities and Fetzer (2019) and
Autor et al. (2020) for the effects of local economic conditions on political polarization.

2For surveys of the empirical literature, see Manning (2021); Neumark and Shirley (2022).
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Our point of departure is a growing literature that has established that in a monop-
sonistic labour market, a minimum wage can, in theory, raise wages without reducing
employment (Stigler, 1946; Manning, 2003a). Our is to extend
this line of research by developing the intuition for the spatial reallocation effects of mini-
mum wages in a setting where productivity varies across firms and regions. In this setting,
the minimum wage has no effect on firms, which voluntarily pay wages above
the minimum wage. All other firms can no longer lower the wage below the minimum wage,
which implies that they lose some of their monopsony power. Among those, the more pro-
ductive firms will respond by hiring all workers they can attract at the minimum wage—
the new marginal cost of labour—which is why we refer to them as .
Consequentially, they will increase employment. Less productive firms will hire until the
marginal revenue product of labour (MRPL) falls below the minimum wage level, which
is why we term them . Any demand-constrained firm that initially
produces at a MRPL below the minimum wage will have to reduce employment to stay
in the market once a minimum wage is introduced. The aggregation of the employment
response across all firms within regions of different average productivity delivers the pre-
diction that the regional employment effect of a federal minimum wage is a hump-shaped
function of regional productivity. The employment response peaks in regions where the
minimum-wage effect is driven by supply-constrained firms. Despite paying higher wages,
these firms employ more workers, some of which will be attracted from more productive
regions as workers save commuting or living costs. This is an important insight because it
suggests that policy can reduce spatial inequalities in prices (wages) and quantities (em-
ployment), by choosing the national minimum wage so that the employment response is
maximized for regions of relatively low productivity.

Our is to substantiate the central prediction of a hump-shaped
relationship between the regional employment response to a national minimum wage and
the regional productivity using a transparent reduced-form approach. The first-time in-
troduction of a relatively high nationally uniform minimum wage (54% of the national
median wage) in Germany in 2015 represents an ideal case in point. The granularity of
the linked-employer-employee data covering the universe of 30M workers from the Insti-
tute for Employment Research (IAB) allows us to leverage rich heterogeneity in regional
productivity across 4,421 municipalities. We find that the regional employment response
is flat in the regional wage level for high-productivity regions, where the 2014 mean hourly
wage exceeds e18.6. Compared to this group, regions with a mean hourly wage of more
than e13.1 tend to gain employment whereas those with a lower mean wage tend to lose.
These estimates of a theory-consistent regional distribution of minimum wage-induced em-

3Manning (2020) offers a recent review of the literature.
4Similarly, search models do not restrict the sign of the employment effect of a minimum wage (Brown

et al., 2014; Blömer et al., 2018; Vergara, 2022).
5This number relates to the hourly wages of full-time and part-time workers (see Section 2.2 for further

information). Based on the wages of full-time workers, the Minimum Wage Commission reports that the
Kaitz Index was 46% in Germany in the year 2018 (Mindestlohnkommission, 2018).

2



ployment effects add to a literature that has mostly focused on average treatment effects
(e.g. Card and Krueger, 1994; Dustmann et al., 2022) or point estimates of the effect of
the minimum wage bite (e.g. Machin et al., 2003; Ahlfeldt et al., 2018). Indirectly, they
provide evidence supporting the monopsonistic labour market model that is still scarce
(Neumark, 2018). Importantly, we bring to light a sizable negative employment effect in
the least productive micro regions that has gone unnoticed in previous studies analyzing
larger spatial units (Ahlfeldt et al., 2018; Caliendo et al., 2018; Dustmann et al., 2022).

Encouraged by the novel reduced-form support for the spatial reallocation effect (e.g.
Dustmann et al., 2022; Engbom and Moser, 2022), we proceed to the quantitative eval-
uation within a general equilibrium framework. For one thing, we wish to quantitatively
account for how the minimum wage reallocates workers across regions via migration and,
in particular, commuting. Indeed, it is well-documented in the literature that the com-
muting openness is an important moderator of how local labour markets respond to local
labour demand shocks (Monte et al., 2018). For another, we wish to account for the
transmission of minimum wage effects across regions of different productivity via domes-
tic trade and spatially varying effects on consumer prices. This is crucial for the correct
measurement of minimum wage effects on real spatial inequalities (Moretti, 2013). For the
same reason, we wish to capture how the minimum-wage-induced wage and employment
effects affect regional housing prices. In developing a suitable model, we can draw from a
quantitative spatial economics literature that offers a canonical framework to account for
spatial linkages (Redding and Rossi-Hansberg, 2017; Monte et al., 2018). Workers choose
where to live, where to work and how much to consume of a composite tradable good and
housing, trading expected wages and amenities against commuting cost, goods prices and
housing rents. Goods are produced in a monopolistically competitive market and traded
at a cost. Housing is supplied inelastically, creating a congestion force that restores the
spatial equilibrium.

Our is to extend this framework in three important ways
to make it amenable to the evaluation of minimum wage effects. First, we borrow from the
trade literature and introduce a Pareto-shaped productivity distribution of firms (Melitz,
2003; Redding, 2011; Gaubert, 2018). This extension is critical to enabling the minimum
wage to reallocate workers to more productive establishments within a region. It is also
the first ingredient we require to generate a wage distribution within regions. Second, we
follow Egger et al. (2022), who build on Card et al. (2018), and generate an upward-
sloping labour supply curve to the firm via Gumbel-distributed idiosyncratic preferences
for employers, in addition to allowing for idiosyncrasy in preferences for residence and
workplace locations (Ahlfeldt et al., 2015). This extension is critical to awarding em-
ployers monopsony power. It is also the second ingredient we require to generate a wage

6This canonical framework draws from Allen and Arkolakis (2014) and Ahlfeldt et al. (2015) who, in
turn, build on Eaton and Kortum (2002).

7Haanwinckel (2020) and Dustmann et al. (2022) model non-pecuniary aspects of job choice in a similar
way.
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distribution within regions. Third, we generate imperfectly elastic aggregate labour sup-
ply via a Gumbel-distributed idiosyncratic utility from abstaining from the labour market.
This extension is critical to capturing incentives minimum wages can create for workers to
become active on the labour market and search for jobs (Mincer, 1976; Lavecchia, 2020).

Our is to use the model to provide the first evaluation of the
aggregate and distributional effects of the German minimum wage in a spatial general
equilibrium. To this end, we leverage on the the German matched worker-establishment
micro data to estimate the structural parameters that govern the wage distribution within
regions. Our estimates of the labour supply elasticity to the firm are within the typical
range found in the literature and provide direct evidence of monopsonistic labour markets
in Germany (Sokolova and Sorensen, 2020; Yeh et al., 2022). Taking advantage of a recent
micro-geographic house price index developed by Ahlfeldt et al. (2022), we then invert
the model in 2014—the year before the introduction of the minimum wage—at the level
of 4,421 municipalities. This high level of spatial disaggregation is critical to capturing
spatial adjustments that operate via the commuting margin. Solving the model under
the minimum wage of 48% of the national mean that we observe in our data delivers the
comparative statics from which we infer the minimum wage effect. We find similar re-
gional wage levels that characterize the hump-shape of the regional employment response
as in the reduced-form analysis. The important advantage of the model-based general-
equilibrium approach is that we do not have to assume any group of firms, workers, or
regions to be unaffected by the minimum wage, which allows us to establish the aggregate
employment effect. While the hump-shape in the model resembles our reduced-form esti-
mates, we gain the additional insight that employment increases in regions of intermediate
productivity at the expense of the least most productive regions. Our model-based
counterfactuals also allow us to uncover that labour supply adjustments via the commuting
margin alone can rationalize the hump-shape; migration is not a necessary facilitator. In
the national aggregate, full-time equivalent employment decreases by about 0.3% or 100K
jobs. Ancillary empirical analyses suggest that this decrease is driven by a reduction in
working hours rather than an increase in unemployment, which is consistent with extant
reduced-form evidence (Bossler and Gerner, 2019; Dustmann et al., 2022). In any case,
the employment effects are small compared to the predictions derived from competitive
labour market models (Knabe et al., 2014).

For our purposes, the ability of our model to speak to welfare effects is, at least, as
important as establishing aggregate employment effects. We find that the German mini-
mum wage has increased welfare, as measured by the expected utility of a representative
worker, by 2.1%. This estimate of the minimum wage welfare effect is unprecedented in
the literature in that it accounts for changes in nominal wages, employment probabili-
ties, goods prices, housing rents, the quality of the worker-firm match, the reallocation

8Our model does not distinguish between employment effects at the extensive (unemployment) and
intensive (working hours) margins. Comparisons to data suggest that the employment effect is driven by
the intensive margin (see Section 4.4.2).
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of workers across firms, commuting destinations, residences, and the growing number of
workers who decide to be active on the labour market. In other words, the increase in
real wages—adjusted for changes in tradable goods prices, housing rents, and commuting
costs—dominates the reduction in the employment probability in terms of effects on the
expected wage. As as a result, about 180K workers become active on the labour market
and start searching for jobs. Again, there is significant spatial heterogeneity. The net-
winners are low-productivity regions such as in the eastern states, resulting in long-run
incentives for workers to relocate to regions that have experienced sustained population
loss over the past decades.

In a demanding over-identification test, we show that the model’s predictions for re-
gional minimum wage effects in wages, workplace employment, full-time employment prob-
ability, labour force participation, commuting distance, average establishment productivity
and establishment size are closely correlated with observed before-after changes in data.
We also show that our model predicts changes in the Gini coefficients of wage inequal-
ity across all workers and employment distribution across regions that are in line with
before-after changes observed in data. This suggests significant out-of-sample predictive
power, which is reassuring with respect to our key : The derivation
of optimal minimum wages in spatial economies.

To this end, we compute aggregate full-time equivalent employment effects and welfare
effects for a broad range of federal and regional minimum-wage schedules. We also provide
two equity measures that summarize the distribution of wages across workers as well as
economic activity across regions. Hence, we equip our readers with the key ingredients to
compute their own optimal minimum wage. Under canonical welfare functions, the opti-
mal minimum wage will not be lower than the employment-maximizing minimum
wage, at 38% of the national mean wage. Up to 58%, the minimum wage can be justified
on the grounds of welfare effects. Higher levels require equity (among those in employ-
ment) as an objective. Ambitious minimum wages need to be defended against negative
employment effects that start building up rapidly beyond 50% of the national mean wage.
Against this background, it is important to note that the employment-maximizing
minimum wage, at 50% of the regional mean wage, would deliver positive welfare effects
that are similar to the federal welfare-maximizing minimum wage (3.9%), plus an increase
in employment by 1.1%. Hence, a relatively easy-to-implement regional minimum wage
can go a long way in addressing the long lasting concern that federal minimum wages—
because they disregard productivity differences across firms—only realize a fraction of the
potential efficiency gains (Stigler, 1946).

With these results, we contribute to the identification of turning points where the
costs of minimum wages start exceeding the benefits (Manning, 2021). In doing so, we
complement a large literature using reduced-form approaches that suggest that minimum
wages may (Meer and West, 2016; Clemens and Wither, 2019) or may not (Dube et al.,
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2010; Cengiz et al., 2019) have negative employment effects. This includes a growing
literature evaluating the labour market effects of the German minimum wage, which we
review in more detail in Appendix A (e.g. Ahlfeldt et al., 2018; Bossler and Gerner, 2019;
Caliendo et al., 2018; Dustmann et al., 2022). Another contribution to this literature is
to show that the reallocation of workers across establishments of different productivity
documented by Dustmann et al. (2022) can work in either direction, depending on the
regional productivity level.

We also contribute to a smaller normative literature on minimum wages that considers
distributional effects of minimum wages (see, e.g. Chen and Teulings, 2021; Lee and Saez,
2021; Simon and Wilson, 2021). Three current working papers study aggregate and
distributional effects of minimum wages within non-spatial models. Drechsel-Grau (2021)
studies the effects of the German minimum wage in a search-and-matching model with
frictional unemployment. Berger et al. (2022) study the distributional effects of minimum
wages in the US focusing on firm heterogeneity. Hurst et al. (2022) study the distributional
effects focusing on worker heterogeneity. In contrast, we focus on spatial heterogeneity.
Our contribution to this literature is to provide a quantitative framework that accounts
for spatial margins of adjustment (commuting, migration, and trade) and is amenable
to the normative evaluation of spatially varying minimum wages as well as the spatially
heterogeneous effects of spatially invariant minimum wages.

Most closely, we connect to a nascent literature that studies the effects of minimum
wages in spatial equilibrium. Our contribution complements Monras (2019), Pérez Pérez
(2020) and Simon and Wilson (2021) who consider a competitive labour market. To our
knowledge, the only other model that nests a monopsonistic labour market in a spatial
general equilibrium is in the current working paper by Bamford (2021). At a higher level of
spatial aggregation and abstracting from frictional trade and commuting, he also provides
an evaluation of the German minimum wage, but his primary contribution is to show that
lower monopsony power acts as an important concentration force in the spatial economy
(see also Azar et al., 2019). Our contribution to this literature is to provide a new
quantitative framework that accounts for monopsonistic labour markets, heterogeneity in
productivity across firms and regions, endogenous local and aggregate labour supply, and
spatial linkages via migration and costly commuting and trade.

The remainder of the paper is structured as follows. Section 2 introduces the insti-
tutional context and our data, and presents stylized evidence that informs our modelling
choices. Section 3 introduces a partial equilibrium version of our model and provides
transparent reduced-form evidence that is consistent with stylized predictions. Section

9A new wave of empirical minimum wage research, based on difference-in-differences designs, started
with the seminal paper by Card and Krueger (1994) whose findings, subsequently challenged by Neumark
and Wascher (2000), cast doubt on the competitive labour market model which predicts that binding
minimum wages necessarily lead to job loss.

10Minimum wages also interact with the optimal tax system (Allen, 1987; Guesnerie and Roberts, 1987;
Gerritsen, 2022).

11We generate larger employment elasticities (Monte et al., 2018) and less monopsony power in thicker
labour markets as workers can substitute across commuting destinations (Manning, 2003b; Datta, 2021).
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4 develops the full quantitative model and takes the analysis to the general equilibrium.
Section 5 concludes.

In this section, we introduce the German minimum wage policy, the various sources of
data we rely on, and some stylized facts that inform our modelling choices.

The first uniformly binding federal minimum wage in Germany was introduced in 2015.
Since then, German employers had to pay at least e8.50 per hour corresponding to 48% of
the mean salary of full-time workers. Because no similar regulation preceded the statutory
wage floor, it represented a potentially significant shock to regions in the left tail of the
regional wage distribution. Subsequently, the minimum wage has been raised to e8.84 in
2017, e9.19 in 2019 and e9.35 in 2020. In relative terms, it has fluctuated within a close
range of 47% to 49% of the national mean wage, suggesting that it is reasonable to treat
the introduction of the minimum wage as a singular intervention in 2015. We provide a
detailed discussion of the institutional context in Appendix B.1.

We compile a novel data set for German micro regions that is unique in terms of its national
coverage of labour and housing market outcomes at the sub-city level. We provide a brief
summary of the various data sources here and refer to Appendix B.2 for details.

Employment, establishments, productivity and wages. We use the Employment
Histories (BeH) and the Integrated Employment Biographies (IEB) provided by the Insti-
tute for Employment Research (IAB) which contain individual-level panel data containing
workplace, residence, establishment, wage, and characteristics such as age, gender, and
skill on the universe of about 30M labour market participants in Germany. We derive a
measure of establishment productivity from a standard decomposition of wages observed
before the minimum wage was introduced (Abowd et al., 1999, henceforth AKM).

Hours worked. We follow Ahlfeldt et al. (2018) and impute average working hours
separately for full-time and part-time workers from an auxiliary regression that accounts
for the sector of employment, federal state of employment, and various socio-demographic
attributes and using the 1% sample from the 2012 census. We find that full-time employees
work approximately 40 hours per week while the number is lower for regularly employed
(21 hours) and for marginally employed part-time workers (10 hours). Combining working
hours with average daily earnings delivers hourly wages.

Real estate. We use a locally-weighted regression approach proposed by Ahlfeldt et
al. (2022) to generate a municipality-year housing cost index. The raw data comes from
Immoscout24, accessed via the FDZ-Ruhr (Boelmann and Schaffner, 2019). It covers
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nearly 20 million residential observations between 2007 and 2018.

Trade. Trade volumes are taken from the Forecast of Nationwide Transport Relations in
Germany which are provided by the Clearing House of Transport Data at the Institute of
Transport Research of the German Aerospace Center. The data set contains information
about bilateral trade volumes between German counties in the year 2010 for different
product groups. Following Henkel et al. (2021), we aggregate trade volumes across all
modes of transport (road, rail and water). To convert volumes (measured in metric tonnes)
into monetary quantities, we use information on national unit prices for the different
product groups. Finally, we aggregate the value of trade flows across all product groups.

Spatial unit. The primary spatial unit of analysis are 4,421 municipal associations
( ) according to the delineation from 31 December 2018 (see Figure
A2 for a map). Municipal associations are spatial aggregates of 11,089 municipalities
( ) that ensure a more even distribution of population and geographic size.
Henceforth, we refer to municipal associations as municipalities for simplicity. On average,
a municipality hosts 541 establishments employing 6,769 workers on less than 80 square
kilometers, making it about a tenth of the size of an average county. For each pair of
municipalities, we compute the Euclidean distance using the geographic centroids.

The effects of the German minimum wage have been analyzed in a rapidly growing litera-
ture. We present an in-depth discussion in Appendix A alongside complementary stylized
evidence in Appendix B.3. Here, we highlight the main insights that inform our modelling
choices. The minimum wage had significant bite as it compressed the wage distribution, in
particular in low-productivity regions where many workers earned less than the minimum
wage in 2014. Contradicting ex-ante predictions, there is little evidence for a substantial
reduction in aggregate employment. There is, however, substantial heterogeneity in re-
gional employment growth, with regions with the highest lowest bite underperforming
relative to regions in the middle of the distribution. Commuting appears to play a signif-
icant role in reallocating labour supply to regions where employment has grown. Average
establishment productivity has increased more where the minimum wage bit harder. Yet, a
substantial share of the increase in labour cost has been passed on to consumers via higher
prices of tradable and non-tradable goods. In the remainder of this paper, we develop a
quantitative spatial general equilibrium model that can rationalize these stylized facts.

In this section, we develop a model of optimal behaviour of heterogeneous firms in a
monopsonistic labour market with a minimum wage. We first use the model to develop
the intuition for why the minimum wage reallocates workers to firms of intermediate pro-
ductivity a region. We then derive the novel prediction that in a comparison
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regions, the aggregate employment response is a hump-shaped function of productivity.
This prediction is key to understanding how a minimum wage can result in a more balanced
spatial distribution of employment. Therefore, we provide novel reduced-form estimates
of the employment effect of the minimum wage that confirm this prediction before we turn
to the quantitative general equilibrium analysis within the model.

For now, we take upward-sloping labour supply to the firm as well as downward-sloping
product demand as exogenously given. We nest the firm problem introduced here into
a quantitative spatial model in Section 4. The extended model will provide the micro-
foundations for the labour supply and product demand functions and allow us to solve for
the spatial general equilibrium of labour, goods, and housing markets.

3.1.1 Optimal firm behaviour

A firm in location j 2 J sells its product variety at monopolistically competitive goods
markets across all locations i 2 J . Because one firm produces only one variety, we use !j

to denote both a firm and its variety. Given a productivity ’j , firm !j hires lj(!j) units of
labour in a monopsonistically competitive labour market which it uses to produce output
yj(!j) = ’j(!j)lj(!j).

Labour supply. Firm !j faces an iso-elastic labour supply function

hj(!j) = Sh
j [ j(!j)wj(!j)]" (1)

of the expected wage  j(!j)wj(!j) that a worker earns in this firm, with wj(!j) > 0 being
the firm’s wage rate and  j(!j) 2 (0; 1] being the expected ratio of hours worked over full-
time working hours. For convenience, we refer to this fraction as the .
Unless otherwise indicated, we assume  j(!j) = 1 to ease notations. Notice that each
worker can only be matched to one firm. We denote the firm’s constant labour supply
elasticity by " > 0 and introduce Sh

j > 0 as an aggregate shift variable that summarizes
all general equilibrium effects operating through location j’s labour market (specified in
more detail below and solved in general equilibrium in Section 4).

Goods demand. Similarly, there is iso-elastic demand for variety !j in location i

qij(!j) = Sq
i pij(!j)��; (2)

which depends inversely on the variety’s consumer price pij(!j) with a constant price
elasticity of demand � > 1, and which is directly proportional to an aggregate shift
variable Sq

i > 0 that summarizes all general equilibrium effects operating through location
12If a worker offering labour to a firm expects to remain unemployed and earn a zero wage during 40%

of a year’s working days, the hiring probability will be 60%.
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�b�2�p�2�`�2 ���b �B�M �b�Q�K�2 �T�2�b�b�B�K�B�b�i�B�+ �b�+�2�M���`�B�Q�b �+�B�`�+�m�H���i�2�/ ���?�2���/ �Q�7 �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �U�_���;�M�B�i�x

���M�/ �h�?�m�K�-�k�y�y�3�V�X �a�B�M�+�2�- �7�Q�H�H�Q�r�B�M�; �i�?�2 �K�B�M�B�K�m�K�@�r���;�2 �B�M�i�`�Q�/�m�+�i�B�Q�M�- �i�?�2 ���;�;�`�2�;���i�2 �r���;�2

�#�B�H�H �B�M�+�`�2���b�2�b �B�M �i�?�2 �2���b�i�- �`�2�H���i�B�p�2 �i�Q �i�?�2 �r�2�b�i�- �B�i �b�2�2�K�b �7���B�` �i�Q �+�Q�M�+�H�m�/�2 �i�?���i �� �T�Q�b�B�i�B�p�2

�r���;�2 �2�z�2�+�i �?���b �/�Q�K�B�M���i�2�/ �� �T�Q�b�b�B�#�H�v �M�2�;���i�B�p�2 �2�K�T�H�Q�v�K�2�M�i �2�z�2�+�i�- �T�Q�B�M�i�B�M�; �i�Q �T�Q�b�B�i�B�p�2

�r�2�H�7���`�2 �2�z�2�+�i�b�X �6�B�;�m�`�2���R ���H�b�Q �B�H�H�m�b�i�`���i�2�b �i�?�2 �`�2���H�H�Q�+���i�B�Q�M �Q�7 �r�Q�`�F�2�`�b �i�Q �K�Q�`�2 �T�`�Q�/�m�+�i�B�p�2

�k�y�h�?�2 �T���`���K�2�i�2�` ! �+���M�M�Q�i �M�2�+�2�b�b���`�B�H�v �#�2 �2�b�i�B�K���i�2�/ �7�Q�` �2�p�2�`�v �2�b�i���#�H�B�b�?�K�2�M�i �B�M �i�?�2 �b���K�T�H�2�X �h�?�B�b
�B�b �i�?�2 �+���b�2 �r�?�2�M ���M �2�b�i���#�H�B�b�?�K�2�M�i �B�b �Q�M�H�v �Q�#�b�2�`�p�2�/ �B�M �� �b�B�M�;�H�2 �v�2���`�X ���M�Q�i�?�2�` �T�Q�b�b�B�#�H�2 �`�2���b�Q�M �B�b �i�?���i ���M
�2�b�i���#�H�B�b�?�K�2�M�i�ö�b �r�Q�`�F�2�`�b �M�2�p�2�` �K�Q�p�2 �i�Q ���M�Q�i�?�2�` �2�b�i���#�H�B�b�?�K�2�M�i �b�Q �i�?���i �r�Q�`�F�2�` ���M�/ �2�b�i���#�H�B�b�?�K�2�M�i �}�t�2�/ �2�z�2�+�i�b
�+���M�M�Q�i �#�2 �B�/�2�M�i�B�}�2�/ �b�2�T���`���i�2�H�v�X �q�?�2�M�2�p�2�` �i�?�2 �T���`���K�2�i�2�` ! �+���M�M�Q�i �#�2 �B�/�2�M�i�B�}�2�/�- �r�2 �`�2�T�H���+�2 �i�?�2 �K�B�b�b�B�M�;
�p���H�m�2 �#�v �i�?�2 ���p�2�`���;�2 �2�b�i���#�H�B�b�?�K�2�M�i �T�`�Q�/�m�+�i�B�p�B�i�v �B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �j�@�/�B�;�B�i �b�2�+�i�Q�`�@�v�2���` �+�Q�K�#�B�M���i�B�Q�M�X �q�2
�m�b�2 �i�?�2 �b���K�2 �T�`�Q�+�2�/�m�`�2 �B�M �i�?�2 �+���b�2 �Q�7 �2�b�i���#�H�B�b�?�K�2�M�i�b �i�?���i �}�`�b�i ���T�T�2���` ���7�i�2�` �k�y�R�9�X
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�6�B�;�m�`�2 ���R�, �P�m�i�+�Q�K�2 �i�`�2�M�/�b �B�M �r�2�b�i�2�`�M ���M�/ �2���b�i�2�`�M �b�i���i�2�b

�L�Q�i�2�, ���H�H �i�B�K�2 �b�2�`�B�2�b ���`�2 �M�Q�`�K���H�B�x�2�/ �i�Q �R�y�y�W �B�M �k�y�R�9�- �i�?�2 �v�2���` �#�2�7�Q�`�2 �i�?�2 �K�B�M�B�K�m�K �r���;�2 �B�M�i�`�Q�/�m�+�i�B�Q�M�X �h�?�2
�2�b�i���#�H�B�b�?�K�2�M�i �r���;�2 �T�`�2�K�B�m�K �B�b �i�?�2 �2�K�T�H�Q�v�K�2�M�i�@�r�2�B�;�?�i�2�/ ���p�2�`���;�2 ���+�`�Q�b�b �}�`�K�@�v�2���` �}�t�2�/ �2�z�2�+�i�b �7�`�Q�K �� �/�2�+�Q�K�T�Q�b�B�i�B�Q�M
�Q�7 �r���;�2�b �B�M�i�Q �r�Q�`�F�2�` ���M�/ �}�`�K �}�t�2�/ �2�z�2�+�i�b �7�Q�H�H�Q�r�B�M�;���#�Q�r�/ �2�i ���H�X�U�R�N�N�N�V �U�b�2�2 ���T�T�2�M�/�B�t�"�X�k�X�9�7�Q�` �/�2�i���B�H�b�V�X

�2�b�i���#�H�B�b�?�K�2�M�i�b ���i �;�`�2���i�2�` �+�Q�K�K�m�i�B�M�; �/�B�b�i���M�+�2 �/�Q�+�m�K�2�M�i�2�/ �#�v�.�m�b�i�K���M�M �2�i ���H�X�U�k�y�k�k�V�X

�A�M�/�2�2�/�- �B�i ���T�T�2���`�b �i�?���i �i�?�2 �2�z�2�+�i �?���b �;���B�M�2�/ �K�Q�K�2�M�i�m�K �b�m�#�b�2�[�m�2�M�i �i�Q �k�y�R�e�- �r�?�2�M �i�?�2�B�`

���M���H�v�b�B�b �2�M�/�b�X �6�B�M���H�H�v�- �i�?�2�`�2 ���T�T�2���`�b �i�Q �#�2 �� �b�H�B�;�?�i �B�M�+�`�2���b�2 �B�M �i�?�2 �`���i�2 �Q�7 �T�`�Q�T�2�`�i�v �T�`�B�+�2

���T�T�`�2�+�B���i�B�Q�M ���7�i�2�` �i�?�2 �K�B�M�B�K�m�K �r���;�2 �r�?�B�+�? �+�Q�m�H�/ �#�2 �`�2�~�2�+�i�B�p�2 �Q�7 �B�M�+�`�2���b�2�/ �/�2�K���M�/�X

�"�X�j�X�k�J�B�M�B�K�m�K �r���;�2 �#�B�i�2

�6�B�;�m�`�2���k �B�H�H�m�b�i�`���i�2�b �� �K�2���b�m�`�2 �Q�7 �i�?�2 �`�2�;�B�Q�M���H�H�v �/�B�z�2�`�2�M�i�B���i�2�/ �ó�#�B�i�2�ô �Q�7 �i�?�2 �M���i�B�Q�M���H �K�B�M�@

�B�K�m�K �r���;�2�- �p�2�`�v �K�m�+�? �B�M �i�?�2 �i�`���/�B�i�B�Q�M �Q�7�J���+�?�B�M �2�i ���H�X�U�k�y�y�j�V�X �a�T�2�+�B�}�+���H�H�v�- �r�2 �+�Q�K�T�m�i�2

�� �#�B�i�2 �2�t�T�Q�b�m�`�2 �K�2���b�m�`�2 �7�Q�` �i�?�2 �v�2���` �k�y�R�9 ���i �i�?�2 �T�H���+�2 �Q�7 �`�2�b�B�/�2�M�+�2 �#�v �i���F�B�M�; �i�?�2 �r�2�B�;�?�i�2�/

���p�2�`���;�2 �Q�p�2�` �i�?�2 �b�?���`�2�b �Q�7 �r�Q�`�F�2�`�b �2���`�M�B�M�; �H�2�b�b �i�?���M �i�?�2 �K�B�M�B�K�m�K �r���;�2 ���+�`�Q�b�b ���H�H �r�Q�`�F�@

�T�H���+�2 �K�m�M�B�+�B�T���H�B�i�B�2�b�- �r�2�B�;�?�i�2�/ �#�v �i�?�2 �#�B�H���i�2�`���H �+�Q�K�K�m�i�B�M�; �~�Q�r�b �B�M �k�y�R�9�X�k�R �h�?�B�b �r���v�-

�r�2 �+���T�i�m�`�2 �i�?�2 �#�B�i�2 �r�B�i�?�B�M �i�?�2 ���+�i�m���H �+�Q�K�K�m�i�B�M�; �x�Q�M�2 �Q�7 �� �K�m�M�B�+�B�T���H�B�i�v�X �1�p�B�/�2�M�i�H�v�- �i�?�2

�K�B�M�B�K�m�K �r���;�2 �?���/ �� �;�`�2���i�2�` �#�B�i�2 �B�M �i�?�2 �2���b�i�- �B�M �H�B�M�2 �r�B�i�? �i�?�2 �;�2�M�2�`���H�H�v �H�Q�r�2�` �T�`�Q�/�m�+�i�B�p�B�i�v�X

�*�?���M�;�2�b �B�M �H�Q�r �r���;�2�b�- �/�2�}�M�2�/ ���b �i�?�2 �R�y�i�? �T�2�`�+�2�M�i�B�H�2 �B�M �i�?�2 �r�B�i�?�B�M�@���`�2�� �r���;�2 �/�B�b�i�`�B�#�m�i�B�Q�M�-

�7�`�Q�K �k�y�R�9 �i�Q �k�y�R�e �+�H�Q�b�2�H�v �7�Q�H�H�Q�r �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �#�B�i�2�- �b�m�;�;�2�b�i�B�M�; �� �b�B�;�M�B�}�+���M�i �/�2�;�`�2�2

�k�R�6�Q�`�K���H�H�v�- �r�2 �/�2�}�M�2 �i�?�2 �#�B�i�2 ���bBi =
P

j
L i;jP
j L i;j

SMW
j �- �r�?�2�`�2L i;j �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �2�K�T�H�Q�v�2�2�b �r�?�Q �H�B�p�2

�B�M �K�m�M�B�+�B�T���H�B�i�vi ���M�/ �+�Q�K�K�m�i�2 �B�M�i�Q �K�m�M�B�+�B�T���H�B�i�vj �7�Q�` �r�Q�`�F ���M�/SMW
j �B�b �i�?�2 �b�?���`�2 �Q�7 �r�Q�`�F�2�`�b �+�Q�K�T�2�M�b���i�2�/

�#�2�H�Q�r �i�?�2 �K�B�M�B�K�m�K �r���;�2 �B�Mj �X
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�Q�7 �+�Q�K�T�H�B���M�+�2�X �h�Q�;�2�i�?�2�`�- �i�?�2 �i�r�Q �K���T�b �b�m�;�;�2�b�i �i�?���i �i�?�2 �K�B�M�B�K�m�K �r���;�2 �+�Q�M�i�`�B�#�m�i�2�/ �i�Q

�i�?�2 �`�2�/�m�+�i�B�Q�M �Q�7 �b�T���i�B���H �r���;�2 �/�B�b�T���`�B�i�B�2�b �B�M �:�2�`�K���M�v�X

�6�Q�` �� �7�Q�`�K���H �i�2�b�i �Q�7 �r�?�2�i�?�2�` �i�?�2 �K�B�M�B�K�m�K �r���;�2 �#�B�i�2 �/�2�i�2�`�K�B�M�2�/ �i�?�2 �7�Q�`�i�m�M�2�b �Q�7 �`�2�;�B�Q�M�b�-

�r�2 ���;�;�`�2�;���i�2 ���M �Q�m�i�+�Q�K�2Y �i�Q �/�2�+�B�H�2 �#�B�M�b �B�M�/�2�t�2�/ �#�vd 2 f 1; 2; 3; :::; 10g �/�2�}�M�2�/ �B�M �i�2�`�K�b

�Q�7 �i�?�2 �k�y�R�9 �K�B�M�B�K�m�K�@�r���;�2�@�#�B�i�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �L�2�t�i�- �r�2 �/�2�i�`�2�M�/ �Q�m�i�+�Q�K�2Yd;t �m�b�B�M�; �i�?�2

�J�Q�M�`���b�U�k�y�R�N�V �T�`�Q�+�2�/�m�`�2 �i�Q ���/�/�`�2�b�b �i�?�2 �+�Q�M�+�2�`�M �i�?���i �Q�m�i�+�Q�K�2 �i�`�2�M�/�b ���`�2 �+�Q�`�`�2�H���i�2�/ �r�B�i�?

�i�?�2 �K�B�M�B�K�m�K �r���;�2 �#�B�i�2�X �6�Q�` �2���+�? �/�2�+�B�H�2�- �r�2 �`�2�;�`�2�b�b �i�?�2 �Q�m�i�+�Q�K�2 ���;���B�M�b�i �� �H�B�M�2���` �i�B�K�2 �i�`�2�M�/

�m�b�B�M�; �v�2���`�bt < 2015 �#�2�7�Q�`�2 �i�?�2 �K�B�M�B�K�m�K�@�r���;�2 �B�M�i�`�Q�/�m�+�i�B�Q�M�X �"���b�2�/ �Q�M �i�?�2 �2�b�i�B�K���i�2�/

�`�2�;�B�Q�M���H �i�`�2�M�/�- �r�2 �/�2�i�`�2�M�/ �i�?�2 �2�M�i�B�`�2 �i�B�K�2 �b�2�`�B�2�b�- �B�M�+�H�m�/�B�M�; �v�2���`�bt � 2015�X �q�2 �i�?�2�M

�2�b�i�B�K���i�2 �� �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2�b �b�T�2�+�B�}�+���i�B�Q�M �r�B�i�? �i�`�2���i�K�2�M�i �?�2�i�2�`�Q�;�2�M�2�B�i�v ���H�Q�M�; �i�?�2

�K�B�M�B�K�m�K �r���;�2 �#�B�i�2�,

ln Yd;t =
10X

s=2

bs [1(d = s) � 1(t > 2015)] + bI
d + bT

t + ed
it ;

�r�?�2�`�21(:) �B�b �i�?�2 �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M �`�2�i�m�`�M�B�M�; �Q�M�2 �B�7 �� �+�Q�M�/�B�i�B�Q�M �B�b �K�2�i ���M�/ �x�2�`�Q �Q�i�?�2�`�r�B�b�2�X

bI
d ���`�2 �#�B�M �}�t�2�/ �2�z�2�+�i�b�-bT

j ���`�2 �v�2���` �}�t�2�/ �2�z�2�+�i�b�- ���M�/ed;t �B�b ���M �2�`�`�Q�` �i�2�`�K�X �h�?�2 �T���`���K�2�i�2�`�b

�Q�7 �B�M�i�2�`�2�b�i ���`�2bs�- �2���+�? �Q�7 �r�?�B�+�? �T�`�Q�p�B�/�2�b �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �#�2�7�Q�`�2�@

���7�i�2�` �+�?���M�;�2 �7�Q�` �#�B�Mb = s �`�2�H���i�B�p�2 �i�Q �#�B�Mb = 1 �X �h�Q �Q�#�i���B�M �i�B�K�2�@�p���`�v�B�M�; �i�`�2���i�K�2�M�i �2�z�2�+�i�b�-

�r�2 ���;�;�`�2�;���i�2 �i�?�2 �2�b�i�B�K���i�2�/ �T���`���K�2�i�2�`�b �i�Q �Q�#�i���B�M �� �+���`�/�B�M���H �K�2���b�m�`�2 �Q�7 �i�`�2���i�K�2�M�i �B�M�i�2�M�b�B�i�v

Td =
10X

s=2

b̂s1(d = s)

�r�?�B�+�? �r�2 �i�?�2�M �m�b�2 �B�M �� �/�v�M���K�B�+ �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2 �b�T�2�+�B�}�+���i�B�Q�M�,

ln Yd;t =
X

z6=2014

~bz [Td � 1 (z = t)] + ~bI
d + ~bT

t + ~ed;t ;

�r�?�2�`�2�-~bI
j ���`�2 �`�2�;�B�Q�M �}�t�2�/ �2�z�2�+�i�b�-~bT

d ���`�2 �v�2���` �}�t�2�/ �2�z�2�+�i�b�- ���M�/~ed;t �B�b ���M �2�`�`�Q�` �i�2�`�K

�U�b�i���M�/���`�/ �2�`�`�Q�`�b ���`�2 �#�Q�Q�i�b�i�`���T�T�2�/�V�X �h�?�2 �T���`���K�2�i�2�`�b �Q�7 �B�M�i�2�`�2�b�i ���`�2~bz �r�?�B�+�? �T�`�Q�p�B�/�2 ���M

�B�M�i�2�M�b�B�p�2�@�K���`�;�B�M �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2 �+�Q�K�T���`�B�b�Q�M �#�2�i�r�2�2�M �v�2���`t = z ���M�/ �i�?�2 �#���b�2 �v�2���`

t = 2014�X �q�2 �T�`�2�b�2�M�i �i�?�2 �2�b�i�B�K���i�2�/ �T���`���K�2�i�2�`�b �Q�7 �B�M�i�2�`�2�b�i �B�M �6�B�;�m�`�2�b���j ���M�/���9�X

�A�M �F�2�2�T�B�M�; �r�B�i�? �2�t�T�2�+�i���i�B�Q�M�b�- �H�Q�r �r���;�2�b �;�`�2�r �7���b�i�2�` �r�?�2�`�2 �i�?�2 �K�B�M�B�K�m�K �r���;�2 �#�B�i

�?���`�/�2�`�- �r�?�B�+�? �2�+�?�Q�2�b �2�t�i���M�i �2�p�B�/�2�M�+�2 �U���?�H�7�2�H�/�i �2�i ���H�X�-�k�y�R�3�V�X ���p�2�`���;�2 �2�b�i���#�H�B�b�?�K�2�M�i �T�`�Q�@

�/�m�+�i�B�p�B�i�v �U�b�2�2 �a�2�+�i�B�Q�M�"�X�k�X�9�7�Q�` �K�2���b�m�`�2�K�2�M�i �/�2�i���B�H�b�V ���H�b�Q �B�M�+�`�2���b�2�/ �K�Q�`�2 �r�?�2�`�2 �i�?�2 �#�B�i�2

�r���b �H���`�;�2�`�- �b�m�;�;�2�b�i�B�M�; �i�?���i �i�?�2 �K�B�M�B�K�m�K �r���;�2 �`�2���H�H�Q�+���i�2�/ �r�Q�`�F�2�`�b �i�Q �K�Q�`�2 �T�`�Q�/�m�+�i�B�p�2 �2�b�@

�i���#�H�B�b�?�K�2�M�i�b �B�M �K�Q�`�2 �T�`�Q�/�m�+�i�B�p�2 �b�2�+�i�Q�`�b �U�.�m�b�i�K���M�M �2�i ���H�X�-�k�y�k�k�V�X �h�?�2 �i�Q�i���H �r���;�2 �#�B�H�H ���H�b�Q

�B�M�+�`�2���b�2�/ �7���b�i�2�` �B�M �?�B�;�?�2�`�@�#�B�i�2 �T�H���+�2�b�- �b�m�;�;�2�b�i�B�M�; �i�?���i �i�?�2 �T�Q�b�B�i�B�p�2 �r���;�2 �2�z�2�+�i �/�Q�K�B�M���i�2�b

�� �T�Q�i�2�M�i�B���H�H�v �M�2�;���i�B�p�2 �2�K�T�H�Q�v�K�2�M�i �2�z�2�+�i�X �h�?�2 �T�2�`�?���T�b �K�Q�b�i �B�M�i�2�`�2�b�i�B�M�; �B�M�b�B�;�?�i �B�b �i�?���i

�i�?�2 �2�K�T�H�Q�v�K�2�M�i �2�z�2�+�i �B�b �M�Q�M�@�K�Q�M�Q�i�Q�M�B�+�- �� �7�2���i�m�`�2 �Q�7 �i�?�2 �/���i�� �i�?���i �?���b �M�Q�i �#�2�2�M �b�i�`�2�b�b�2�/

�B�M �i�?�2 �2�t�i���M�i �H�B�i�2�`���i�m�`�2�X �*�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �b�i���M�/���`�/ �+�Q�K�T�2�i�B�i�B�p�2 �K�Q�/�2�H�- �r�Q�`�F�T�H���+�2 �2�K�@

�8�e




	references
	Introduction
	Empirical context
	The German minimum wage
	Data
	Stylized facts

	Partial equilibrium analysis
	Model I
	Optimal firm behaviour
	Aggregate outcomes

	Reduced-form evidence

	General equilibrium analysis
	Model II
	Preferences and endowments
	Free entry and goods trade
	Labour mobility, commuting, and labour supply
	Labour market entry
	General equilibrium

	Quantification
	Quantitative analysis
	The German minimum wage
	Model-based counterfactuals
	Validation against data

	Optimal minimum wages

	Conclusion
	Literature
	Empirical context
	The German minimum wage
	Data
	Hours worked
	Trade
	Spatial unit
	Average establishment productivity by year-region

	Stylized evidence
	Outcome trends by eastern and western states
	Minimum wage bite


	Partial equilibrium
	Derivation of Eq. (3)
	Firm-level outcomes
	Aggregation
	Proof of Proposition 1
	Comparative statics
	Reduced-form evidence

	General equilibrium
	Location choice probabilities
	Labour market entry
	Labor market entry rate, 
	Expected utility

	Quantification
	Preference heterogeneity ()
	Productivity heterogeneity (k)
	Trade cost (ij)
	Fundamental productivity ()

	Quantitative analysis
	Long run
	Short run

	The German minimum wage
	Margins of spatial adjustment
	The reallocation effect
	Validation against data

	Equity
	The Gini coefficient in the model
	The Gini coefficient in data

	Dispersion
	The spatial Gini coefficient in the model
	The spatial Gini coefficient in data

	Optimal minimum wages
	Regional minimum wages for alternative spatial units


