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Introduction

This dissertation consists of three self-contained essays that study spatial inequality,
worker mobility, and labor market policy. The first two chapters focus on regional
disparities in labor market conditions and their implications for workers’ careers
and mobility decisions. The third chapter examines the effectiveness of labor mar-
ket policies aimed at mitigating inefficiently high levels of separations in light of
differences in firms’ ability to take on credits. Taken together, the three essays shed
new light on key dimensions of labor market heterogeneity and their implications
for policy design.

Chapter 1 studies how the careers of workers unfold depending on the condi-
tions in the local labor market in which workers enter. A large literature has docu-
mented the persistent effects of entering the labor market during aggregate down-
turns, i.e., at a bad time. However, much less is known about the consequences of
entering the labor market in a bad region with persistently high unemployment.
Using rich administrative data from Germany, I show that workers who start their
careers in high-unemployment regions experience systematically worse labor mar-
ket outcomes. These workers spend more time unemployed, earn lower wages, and
accumulate substantially less income over their lifetimes. Despite these persistent
differences in labor market outcomes, worker mobility is low. Even when workers
move, they usually move to nearby locations and do not systematically seek out bet-
ter labor markets.

In Chapter 2, I investigate why worker mobility is so low, despite large regional
differences in wages. I begin by documenting two key empirical facts. (1) The dif-
ference between high and low wage regions is not simply in the level but in wage
growth over the lifecycle. Young workers in their 20s do not earn much more on
average in high-wage regions than in low-wage regions. Taking regional price levels
into account, it emerges that young workers actually earn less on average in high-
wage regions. However, they experience faster wage growth, such that careers in
high-wage regions pay off long-term. (2) Occupations are regionally concentrated,
and workers in high and low-wage regions do different kinds of jobs. Since it is
known in the literature that large parts of human capital are occupation-specific,
this finding implies that human capital cannot easily be transferred across regions.
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Motivated by these findings, I then develop and calibrate a general equilibrium
life-cycle model with region-specific human capital accumulation and local housing
markets. In the model, different regions emphasize different skills in production,
and workers accumulate the locally relevant skills more rapidly through experience.
The calibrated model shows that low mobility arises from the dynamic interaction
between labor and housing markets. Young workers, who have little wealth, are de-
terred from moving to high-wage regions by high housing costs. Older workers, in
contrast, can afford higher rents but are less willing to move because their accumu-
lated human capital is region-specific and loses value upon relocation.

Given that high housing costs are the main barrier preventing young workers
from moving to high-opportunity regions, I evaluate a policy that increases hous-
ing supply in these regions. I show that expanding housing supply lowers rents,
increases mobility toward high-growth regions, and generates welfare gains in both
regions.

In Chapter 3, joint with Gero Stiepelmann, I study the design of labor market
policies aimed at mitigating inefficiently high separation rates. Excess separations
are a well-known feature of economies with unemployment insurance systems. Gov-
ernments typically rely on two main instruments to address this inefficiency: lay-
off taxes, which penalize firms for separating from workers, and short-time work
schemes, which subsidize reductions in working hours and partially compensate
workers for lost earnings. While both instruments are widely used in different coun-
tries, their relative effectiveness remains not fully understood.

The existing literature emphasizes the efficiency of lay-off taxes, while short-
time work is known to introduce distortions through inefficient reductions in work-
ing hours. However, these results rely on the implicit assumption that firms are
not financially constrained. In this chapter, we relax this assumption and develop
a search-and-matching model with endogenous working hours, risk-averse workers,
and financial constraints affecting a share of firms. Using a Ramsey planner ap-
proach, we characterize optimal lay-off taxes and optimal short-time work, taking
the share of financially constrained firms into account.

We find that lay-off taxes are more effective at improving welfare when only a
small share of firms is financially constrained. However, as financial constraints be-
come more prevalent, short-time work emerges as the preferred policy instrument,
as it both reduces separations and provides income insurance where firms can no
longer do so. Quantitatively, we find that short-time work becomes the superior
policy once more than 27% of firms are financially constrained.

The three essays highlight the importance of labor market heterogeneity, both
across regions and across firms. Differences in local labor market conditions and in
firms’ financial constraints shape workers’ careers, mobility decisions, and exposure
to risk. These mechanisms are central to understanding persistent inequality in la-
bor market outcomes and how policies can be designed to address these disparities.



Chapter 1

Local Unemployment, Worker Mobility
and Labor Market Outcomes: Evidence
from Germany”

1.1 Introduction

It is well documented that the level of unemployment matters for the development
of workers’ labor market outcomes. Entering the labor market in a recession at a
time of high unemployment can be detrimental to workers’ wages even in the long
run (e.g., Lisa B. Kahn, 2010b; Oreopoulos, Von Wachter, and Heisz, 2012a; Altonji,
Kahn, and Speer, 2016; Berge, 2018). However, the level of unemployment that
young workers face at the beginning of their careers does not only change over time.
In most developed economies, there are large and highly persistent differences in
unemployment between regional labor markets as well.!

Policymakers have long recognized this as a source of inequality. Various policy
measures aimed at supporting bad local labor markets are put in place by local and
national governments in most countries.?

* I thank Moritz Kuhn and Hans-Martin von Gaudecker for invaluable advice and guidance in this
project. I also thank participants in seminars at Bonn and Yale as well as participants at various confer-
ences for invaluable feedback and advice. I gratefully acknowledge financial support from the Bonn
Graduate School of Economics. Support by the Deutsche Forschungsgemeinschaft (DFG) through CRC
TR 224 (Project CO1) is gratefully

1. For documentation of these differences, see e.g. Topel (1986) or Kline and Moretti (2013)
for the U.S., Bilal (2023) for France, Kuhn, Manovskii, and Qiu (2026) for the UK, Germany, and the
U.S., and OECD (2005) for an overview of OECD economies.

2. In Germany, too, a set of measures (Gesamtdeutsches Fordersystem) aimed at supporting
structurally weak areas relies on local unemployment as a means of determining which area is struc-
turally weak and eligible for support, including subsidies for young firms and plants in structurally
weak areas.
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Despite its evident relevance, the effect of entering a career in a bad local labor
market has, unlike the effects of starting a career at a bad time, received only scant
attention in the literature. In this study, I fill this gap and ask whether it matters
for the careers of workers if they enter the labor market in a place of low or high
unemployment.

There are two components to this question. On the one hand, it is a question
about differences in labor market outcomes, i.e., time in unemployment, wages,
and ultimately lifetime income. On the other hand, it is also a question about the
spatial mobility of workers between local labor markets, since in principle, workers
are free to move and look for a job in an area with more favorable conditions. To
answer both of these components, I make use of high-quality administrative data
from Germany that allow me to track workers over their careers. I study several
cohorts of West German male workers born between 1960 and 1980 and their labor
market outcomes over the course of their careers, depending on where they entered
the labor market.

Germany provides the ideal setting to study this research question. It is a rea-
sonably large country with many local labor markets and considerable differences
in local unemployment. Behind the overall unemployment rate of 6.7% in 2014, for
example, there were local unemployment rates as high as 14.7% in Gelsenkirchen,
a city in the industrial Ruhr area, and as low as 2.6% in the Bavarian town of Dillin-
gen a. d. Donau.

The main contribution of this study is to document two novel facts: Firstly,
worker mobility between good and bad labor markets is fairly limited, and workers
spend most of their careers in areas with similar relative degrees of unemployment.
Secondly, workers from better labor markets earn higher wages, experience greater
wage growth, and spend less time unemployed. I find that these differences trans-
late into substantial differences in earnings accumulated over workers’ careers.

As a first step, I turn to worker mobility and ask whether workers systemati-
cally leave bad local labor markets. This turns out not to be the case. Instead, I find
that about 40% of workers never leave the commuting zone they entered the labor
market in, and that workers who move to jobs in other commuting zones usually
do not move very far away. Close to 90% of workers never move to a commuting
zone that is 200 km or further away from their initial commuting zone. As a result,
workers who do move usually move to areas with similar relative degrees of unem-
ployment and spend most of their careers in local labor markets of similar levels of
unemployment.

With this in mind, I compare how much time workers spend in unemployment
depending on how high unemployment is in their initial local labor market. I find
that workers who enter the labor market in worse local labor markets lose their
jobs more often and have longer unemployment spells on average. Up to the age
of 55, workers who enter the labor market in a commuting zone of the highest
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unemployment quintile spend about a year more time in unemployment than their
counterparts from the lowest unemployment quintile.

I compare the wages of workers and find that the differences in wage levels and
wage growth persist over the lifecycle. The wage gap for full-time employed workers
amounts to about 7-10% at 25 and opens up to roughly 20% towards the end of the
lifecycle, depending on the cohort. These differences cannot fully be explained by
local price levels. In particular, I find that even controlling for worker fixed effects
leaves an unexplained wage gap that opens up to about 11% over the lifecycle.

Taking both differences in wages and differences in unemployment together, I
calculate average accumulated earnings up to the age of 55. I find that the differ-
ence between the highest and the lowest quintile amounts to about €250,000 (at
2010-CPI level) on average. Controlling for local price levels and taking away the
part of accumulated earnings explained by observables (education, a worker’s occu-
pation, and industry and local urbanization) leaves an average residual gap in these
accumulated earnings of about €50,000 (at 2010-CPI level).

I conclude that it does indeed matter considerably whether workers enter the
labor market in a good or in a bad local labor market. If anything, these differences
are even more important for younger cohorts.

The remainder of the paper is structured as follows: The following paragraph
summarizes related literature. Section 1.2 describes the data used for the analysis.
Section 1.3 gives an overview of local unemployment rates in Germany and local
labor markets. Section 1.4 documents mobility patterns between the different lo-
cal labor markets. Section 1.5 describes differences in labor market outcomes and
accumulated earnings. Section 1.6 concludes.

Related literature While labor market outcomes over the lifecycle in the context
of spatial unemployment differences have, to my knowledge, never been studied
before, there is a body of literature that this work relates to. There are three main
branches of related literature.

Firstly, there are papers concerned with spatial unemployment. Focusing on ex-
cessive hiring costs and different local productivity levels Kline and Moretti (2013)
discusses circumstances under which place-based hiring subsidies may be beneficial.
Bilal (2023) stresses the role of firms and attributes spatial unemployment gaps in
France to the agglomeration of productive firms in certain places, leading to unpro-
ductive worker-firm matches and high job-losing probabilities in bad labor markets.
On the empirical side, papers often exploit regional employment shocks (e.g., Horn-
beck and Moretti, 2022). Perhaps most relevant to my work, Blanchard et al. (1992)
document responses to averse regional employment shocks in the context of U.S.
states and find only transitory effects of unemployment shocks on wages. A main
difference between these papers and my work is that I can track individual work-
ers over their careers. Blanchard et al. (1992), for instance, rely on state aggregate
wage data.
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More broadly, there is a literature on spatial economic activity that does not
necessarily focus on unemployment. Moretti (2011) gives an overview of what is
known about gaps in local labor market outcomes and possible explanations for
them. Other papers develop models and conditions to explain economic activity
differences across space (e.g., Allen and Arkolakis, 2014; Gaubert, 2018). Redding
and Rossi-Hansberg (2017) provide an overview of modeling tools and model build-
ing blocks for spatial models. Another well-studied area of spatial economics is the
one concerned with wage and productivity gaps between rural and urban areas
and urban wage premia (e.g., Harris and Todaro, 1970; Glaeser and Mare, 2001;
Gould, 2007; Baum-Snow and Pavan, 2012; Young, 2013; Dauth et al., 2022). Local
mismatch is another subject more directly related to local unemployment that has
received attention. Sahin et al. (2014) and Marinescu and Rathelot (2018) focus
on the mismatch of workers and local labor markets and its contribution to overall
unemployment, for example.

Secondly, there is a literature on worker mobility. Going back to Sjaastad (1962),
a branch of spatial economic research focuses on workers’ location decisions and
worker migration and migration frictions. For example, Roback (1982) presents ev-
idence that local amenities are reflected in local labor market outcomes such as
wages. More recently, Amior and Manning (2018) attribute the persistence of local
unemployment despite a strong moving response by workers to persistent labor de-
mand shocks. Focusing on moving frictions Bryan and Morten (2019) and Morten
and Oliveira (2016) estimate large effects of facilitating worker relocation on pro-
ductivity in the context of developing countries. A number of papers exploit various
employment shocks and study the mobility response (e.g., Blanchard et al., 1992;
Levy, Mouw, and Perez, 2017). Nakamura, Sigurdsson, and Steinsson (2016) use a
volcanic eruption in Iceland to study the inter-generational effect of worker reloca-
tion. Huttunen, Mgen, and Salvanes (2018) find that displaced workers who decide
to move close to their families or rural areas after displacement experience income
losses. Again, a difference between this literature and my work is that I follow indi-
vidual workers over their whole employed working lives.

Thirdly, a branch of literature concerns itself with wage structure and the Ger-
man wage structure in particular. Dustmann, Ludsteck, and Schonberg (2009) docu-
ment that wage inequality has been on the rise in Germany in the 1980s and 1990s,
and Bonke, Corneo, and Liithen (2015) document a rise of intra-cohort wage in-
equality. Card, Heining, and Kline (2013) find that the dispersion of task and firm-
specific premiums has gone up in West Germany. Relating to regional labor market
differences, a number of papers study differences between East and West Germany
(e.g., Uhlig, 2006; Spitz-Oener, 2007; Uhlig, 2008). My work adds to this litera-
ture by documenting the additional spatial component of wage inequality in West
Germany.
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1.2 Data

To analyze labor market outcomes over the lifecycles of workers depending on the
location a worker works, data that is both regional and allows me to track workers
and their outcomes and whereabouts over time is needed. The main data source
that I choose for this purpose is the Sample of Integrated Labor Market Histories
(SIAB) - a 2% sample of workers covered by German social security records. Addi-
tionally, the SIAB contains information on short-term unemployment benefits work-
ers receive. Since in Germany only employed (and unemployed) workers are cov-
ered by social security, the sample does not contain self-employed workers or work-
ers who are civil servants in government positions. However, a large share of the
German labor force - about 80% - is covered by social security. The data version
that I use covers the years 1975-2017. Not only does this data meet the mentioned
requirements, but it is highly credible administrative data as well. This is important
because, in many non-administrative surveys, there could be the worry that people
who move to another location have a high probability of dropping out of the sample.
With administrative data, this is not a problem.

Because the SIAB is drawn from social security records, wages are only reported
up to the maximum social security contribution level. To circumvent this problem,
I follow the procedure proposed by Gartner (2005) and impute top-coded wages. I
describe the details of this procedure in Section 1.A.1 of the appendix.

The regional variable contained in the SIAB is the county (Landkreis) in which
a worker’s current job is registered. This means that for workers who are currently
unemployed, there is no information about their whereabouts. To deal with this
issue, I assume that workers who lose their jobs do not immediately move to another
location but look for a new job first and move only when starting a new job in
a different county. I then fill the gaps in the location variable using the last valid
county reported for each worker.

German counties are relatively fine-grained regional units. It is likely that in
some places many workers will live in one county and commute to work in another
one. It is therefore questionable if counties are a good measure of local labor mar-
kets. To circumvent this potential problem, I turn to commuting zones published by
the Federal Office for Building and Regional Planning (Bundesamt fiir Bauwesen
und Raumordnung - BBSR). These commuting zones group counties into zones, tak-
ing into account commuting streams between the counties, such that the resulting
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commuting zones are as self-contained as possible.? There are 203 such commuting
zones in West Germany.

I impose a couple of restrictions on the sample. First of all, workers from East
Germany are recorded in the SIAB only from 1993, and after decades of socialism,
labor markets in East Germany are likely to be inherently different along many di-
mensions. For the purpose of this study, I need as much comparability over time as
possible and do not want to deal with these differences. I therefore restrict the sam-
ple to individuals who have no spells in any East German county. Secondly, because
I track cohorts born in the ’60s and ’70s when female labor supply was much smaller
than today, I restrict the sample to men. This also ensures comparability with the
related literature that usually imposes the same restriction.

Apart from worker data, data on unemployment at a regional level is needed. As
my primary data source, I use county-level yearly unemployment rates I obtained
from the BA. This data reports both unemployment rates and the number of regis-
tered unemployed workers. I use this information to calculate unemployment rates
at the commuting zone level. While this is the most credible unemployment data
source for Germany, county-level data from the BA is unfortunately only available
for the years after 1985. Before 1985, the SIAB can be used to directly estimate
commuting zone-level unemployment. I show that the correlation between SIAB es-
timates and BA unemployment rates is 92% in 1985 in Figure 1.A.1 in the appendix.

It is well known that price levels can vary greatly between different regions
within a country. To measure this, I use a regional CPI at the county level from the
BBSR for the year 2007 to measure local price levels. Unfortunately, no comprehen-
sive regional CPI with price measurements over time exists for Germany.+ Of course,
price levels can change over time, and calculating real wages using a CPI based on
prices measured in 2007 for other years is potentially problematic. I take regional
building land prices from the federal office for statistics, as well as a local rent in-
dex from the BBSR, to validate this CPI for other years Figures 1.A.3 and 1.A.2 in
the appendix show that the correlations between the regional CPI and the prices in
the available years that are the closest and the furthest apart from 2007 are very
similar.

3. The counties reported in the SIAB are counties as of 2017. Because of reforms, counties’
boundaries do change over time. In West Germany, however, this is relatively rare. There are several
versions of these commuting zones from different years. The last version before 2017 is from 2011.
Since there are only few differences between the 2011 and earlier versions and county codes in the
SIAB are valid in 2017 I use the 2011 commuting zones. I use a county code conversion key, also
obtained from the Federal Office for Building and Regional Planning, to translate the 2011 commuting
zone key into 2017 county terms.

4. The BBSR did collect regional price data in 1994, but compared only 50 cities across Ger-
many, not taking into account rents. Kosfeld, Eckey, and Schiifler (2009) propose an econometric
model to estimate regional CPIs based on this data, but working with the comprehensive CPI from
2009 seems preferable.
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1.3 Local Unemployment in West-Germany and Definitions

1.3.1 Local Unemployment

Figure 1.1 shows unemployment rates across West German commuting zones for
the years 1990 and 2005 - a year with comparatively low aggregate unemployment
and a year with infamously high aggregate unemployment. In both years, the het-
erogeneity in unemployment is well visible with local unemployment rates ranging
from 2.8% to 13.06% in 1990 and from 5.5% to as much as 21.5% in 2005.

Figure 1.1 also hints at another well-established fact. Local unemployment is
typically very persistent over time. Figure 1.2 makes this explicit and plots com-
muting zone level unemployment rates of 1997 and 2005, as well as 1990 and
2010, against each other. 1997 and 2005 are two years with high aggregate unem-
ployment, while 1990 and 2010 saw much less aggregate unemployment. In both
cases, the green dots that represent the commuting zones align closely along the
45-degree line, indicating a very high level of persistence. Given that there are 20
years between 1990 and 2010, it is striking how high the persistence of local unem-
ployment is, with a correlation of close to 80% between local unemployment rates
in the two years.

Figure 1.1. Unemployment across commuting zones
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Notes: The scale is in %-terms. The maps shown are for the years 1990 (left) and 2005 (right). The
regions shown are the commuting zones described in Section 1.2. Unemployment data comes
from the BA.



10 | 1 Local Unemployment, Worker Mobility and Labor Market Outcomes: Evidence from Germany

Figure 1.2. Persistence of Unemployment
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Notes: 1997 unemployment rates against 2005 unemployment rates (left) and 1990 unemploy-
ment rates against 2010 unemployment rates (right). Each green dot represents a commuting
zone. The scale is in %-terms.

Given this persistence, a natural expectation could be that high and low-
unemployment commuting zones are different in some fundamental way. However,
in terms of key observables - urbanization and education - this is not the case. Fig-
ure 1.3 shows the distributions of average unemployment rates over the 1990s and
2000s decades in the three urbanization categories that the BBSR assigns to the
commuting zones described in the previous section. Clearly, while it is true that the
commuting zones with the most extreme unemployment are urban, it is not true
that high unemployment exists only in urban commuting zones. In fact, in both
decades, the median unemployment rate in rural areas is higher than in urban ar-
eas. Generally, the distributions cover a similar support.

Next, I turn to educational attainment. Figure 1.4 plots average unemployment
rates against average shares of workers with college degrees in commuting zones in
regression plots. To calculate the college share, I compute the share of workers in
the SIAB who report a tertiary degree.> Figure 1.4 reveals that by and large, there
is no systematic correlation between local unemployment and the college share.

As a consequence, the findings presented in the remainder of this study should
not be regarded simply as an artifact of urban and rural differences or agglomera-
tion of educated and uneducated workers. Instead, they are the result of structural
differences in the quality of local labor markets.

5. Tinclude both university and university of applied science degrees.
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Figure 1.3. Unemployment and Urbanization

Unemployment rate

0.10 4

intermediate rural

Commuting zone urbanization

urban

(a) 1990s

urban

intermediate rural

Commuting zone urbanization

(b) 2000s

Notes: Boxplots of average unemployment rates over the 1990s (left) and the 2000s (right) in the
three urbanization categories for BBSR commuting zones. The boxes represent the quartiles of
the distribution, the whiskers extend to the unemployment rate the furthest away but within 1.5
inter-quartile ranges from the box. Points beyond that are shown as diamonds. The line through
the box represents the median.
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1.3.2 Definitions

In order to measure differences between local labor markets with high and low
unemployment, I need a notion of what "high" and "low" unemployment mean. In
particular, what really matters for my analysis is not the absolute level of unem-
ployment itself, but how high unemployment in a commuting zone is, relative to
the other commuting zones. I decide to work with quintiles and assign the ranks 2
very low unemployment, 3 low unemployment, 4 moderate unemployment, 5 high
unemployment, and 6 very high unemployment to each commuting zone each year,
taking quintiles over commuting zone-level unemployment rates. I refer to these
ranks as the plain ranks in the remainder of the paper.

When comparing workers, however, I need one more step because, in principle,
workers can move between the commuting zones. When I want to compare workers
over their lifecycle, I use the most natural option: I simply use the plain rank of the
commuting zone a worker enters the labor market in for the very first time, in the
year the worker starts working there. I refer to this as the entry rank.

As Figure 1.5 demonstrates, depending on the overall level of unemployment in
a given year, the plain ranks can be assigned to quite different absolute levels of un-
employment. While I am interested in relative differences in local unemployment,
it is important to keep these considerable differences in overall unemployment be-
tween different points in time in mind. Workers who enter the labor market at a
time of high overall unemployment are likely to experience different labor market
outcomes than a worker who enters under more favorable conditions.® To avoid
these differences driving the results I measure, I take a cohort perspective and group
the birth years of workers in the SIAB into cohorts. Since I want the cohorts to face
similar conditions in the labor market over their lifecycles, I choose cohorts of 2-3
birth years such that the overall level of unemployment in West Germany is simi-
lar for all members of a cohort at age 25. Because unemployment was very low in
the 1970s and early 80s, I focus on later cohorts who are faced with more substan-
tial unemployment rates during their careers and consider the cohorts 1960-1962,
1963-1965, 1966-1967, 1968-1970, 1971-1973, 1974-1976, and 1977-1979. Many
findings are very similar for all cohorts. Instead of showing results for all cohorts
in the main text, unless labeled otherwise, I hence show results for the 1963-1965
and the 1971-1973 cohorts in the main text and results for the remaining cohorts
in the appendix. I do not consider later cohorts because the SIAB data covers only
the years until 2017, and workers born after the 1970s can only be observed until
their 30s, which makes comparing outcomes over the lifecycle difficult.

6. See e.g. Lisa B Kahn (2010a) or Oreopoulos, Von Wachter, and Heisz (2012b).
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Figure 1.5. Unemployment rates in the different ranks: 1990 vs. 2005
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Notes: Boxplots of unemployment rates by rank in the commuting zones by the rank the com-
muting zones are assigned. The box plots display the upper and lower quartiles, median, and
whiskers extending to the furthest data points within 1.5 times the interquartile range. The left
side of the figure corresponds to the plots for the year 1990, while the right side represents the
plots for the year 2005.

1.4 Worker Mobility

A central question to assess how harmful starting a career in a bad local labor mar-
ket is is how mobile workers are between local labor markets of different quality.
If workers can freely migrate from places with high unemployment to places with
better conditions, entering the labor market in a place with high unemployment
should not have great effects on long-term labor market outcomes.

As afirst step, ignoring local unemployment, I study the overall mobility of work-
ers over the course of their entire careers. Table 1.1 shows the fraction of careers
that take place within a given distance from the commuting zone a worker starts his
career in for different cohorts. To ensure that results are not driven by workers who
cannot be observed for sufficiently long, I restrict the sample to workers who are
first observable before or at the age of 25 and who can still be observed at or after
the age of 40. As column 1 indicates, about 40% of workers work in the same com-
muting zone for their entire careers. Column 2 reveals that almost 60% of workers
never move further than to a commuting zone, adjacent to their initial commuting
zone. Columns 3 and 4 show that about 80% of workers never move further than
100 km and almost 90% of workers never move further than 200 km away from
their starting commuting zone.

The high figures presented in table 1.1 establish the fact that overall worker
mobility is low and that most careers in West Germany take place within narrowly
confined areas. Nevertheless, about 60% of workers do move at some point in their
careers. This raises the question if workers who do move seek out good local labor
markets and avoid bad ones. To provide an answer, I collect all moves between



14 | 1 Local Unemployment, Worker Mobility and Labor Market Outcomes: Evidence from Germany

Table 1.1. Fractions of workers who stay within a given distance from their first commuting zone

Birth Years Stayers Neighboring Zone 100 km 200 km
1960-1962 0.42 0.59 0.79 0.87
1963-1965 0.43 0.59 0.79 0.87
1966-1967 0.42 0.59 0.79 0.86
1968-1970 0.42 0.59 0.79 0.87
1971-1973 0.41 0.58 0.78 0.86
1974-1976 0.41 0.56 0.78 0.86
1977-1979 0.42 0.56 0.77 0.86

Notes: The sample is restricted to workers with observations at age 25 and at or after age 40. The
first column shows the fraction of workers who stay in the same commuting zone for their whole
observable career. The second column shows the fraction of workers who never move further
than to a commuting zone adjacent to their initial commuting zone. The third and fourth columns
show the fractions of workers who stay within a radius of 100 km and 200 km, respectively. The
distance between two commuting zones is measured as the minimum distance between the bor-
ders of these commuting zones.

commuting zones that happen throughout the whole careers of workers” and check
which of the quintile ranks the move is from and which of the ranks the move is
to. Then, for each of the ranks of the commuting zones that the moves are from, I
calculate the relative frequencies of moves that go to commuting zones with each
of the 5 ranks a move can be to:

#moves from rank i to rank j
ij =

a » 1) =1,23,4,5

#moves from rank i

The resulting 5 x 5 matrix A is shown in Figure 1.6 for the 1960-1962 and 1971-
1973 cohorts. For example, the top left corner of the left matrix states that 46% of
all moves away from a commuting zone with the rank 1 very low, among workers
born between 1963 and 1965, were to another commuting zone with the same rank.
By contrast, the top right corner of the same matrix states that only 5.5% of moves
away from a 1 very low commuting zone were to commuting zones with the rank 5
very high. As the deeper shades of blue towards the diagonals of the two matrices
suggest, workers, when they move, tend to move to commuting zones with similar
levels of unemployment to the commuting zone they are leaving. Perhaps unsurpris-
ingly, this is particularly pronounced for moves away from very good labor markets,
more than 40% of which go to 1 very low-commuting zones in all cohorts. But even
for moves away from high unemployment zones, moves tend to be to places with
similar degrees of unemployment. In all cohorts, over 60% of moves away from com-
muting zones with rank 5 very high are to a zone with either the rank 5 very high

7. Results are very similar when looking at moves at different ages separately.
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Figure 1.6. Fractions of moves by unemployment rank of origin- and destination commuting
zones
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Notes: Each cell in the matrices above represents the fraction of moves away from commuting
zones with an unemployment rank indicated by the row to a commuting zone with an unem-
ployment rank indicated by the column. E.g., the second cell in the first row of the left matrix
indicates that 28% of moves away from zones with rank 1 very low went to zones with rank 2 low.
Workers are ranked based on the unemployment quintile of the commuting zone where they ini-
tially enter the labor market. The matrix on the left shows the results for the 1960-1962 cohort,
and the matrix on the right shows the results for the 1971-1973 cohort.

or 4 high. Fewer than 7% of workers who leave commuting zones with the highest
two ranks move to the very best labor markets with the lowest rank. While natural
expectation could be that this pattern could be very different if only the moves of
unemployed or employed workers were counted, I show in Figure 1.C.3 and Figure
1.C.4 in the appendix that this is not the case and that the pattern does not change
much even when workers are unemployed just before moving.

Given that, as discussed, most workers never move over great distances, the
question arises whether these findings are simply a product of agglomeration of
good and bad local labor markets or whether these patterns persist conditional on
the distance over which a move occurs. To formally test whether this is the case, I
adopt a gravity view of migration flows and impose that the number of people f;;
that move between zones i and j in year t are a function of the distance d;; between
the two zones, size of the two zones s; and s; and the numbers of unemployed work-
ers in both zones u; and u;, as well as a year effect 3. Specifically, I assume that

sﬁlsﬁzu%uﬁ“
fijt = B d_ﬁs —. 1.1

i

Taking logs equation 1.1 can then be estimated as

logfijt = logf; + 31 logs;, + B2 logsjt + B3 logu; + B4 logujt + s logdij + ejie (1.2)
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where e, is the error term, and the coefficients can be interpreted as moving flow
elasticities. Since the SIAB is a 2% sample of the German labor force that is repre-
sentative at the county level, I estimate the size of each commuting zone by multi-
plying the number of workers in each commuting zone by 50. fj; is the total number
of moves from i to j for all commuting zones i and j in the SIAB. I use data from the
years 1985-2017. Numbers of unemployed workers come from the BA. The distance
between commuting zones is measured as the distance between the two centroids
of the two commuting zones. Results are reported in column (1) of Table 1.2.

Table 1.2. Gravity regression results

(1) ()
log size of origin zone 0.2210 0.2361
(0.011) (0.010)
log size of destination zone 0.2500 0.2364
(0.010) (0.010)
log distance -0.7102 -0.6987
(0.081) (0.083)
log n. unempl. origin 0.0370 -
(0.006) -
log n. unempl. destination 0.0085 -
(0.009) -
log (n. unempl. or.) x (n. unempl. dest.) - 0.0218
- (0.007)
year fixed effects yes yes

Notes: The outcome variable is the log of the number of workers who moved from the origin
commuting zone to the destination commuting zone. Standard errors are clustered at the year
level and reported in parentheses below each coefficient.

Unsurprisingly, the size of both the origin and the destination commuting zone
is positively associated with the number of moves, and the elasticity with respect to
distance is negative and sizeable, further emphasizing the point that workers rarely
move over long distances. The smaller and positive coefficient for the log number
of unemployed workers in the zone of origin is in line with more unemployed work-
ers looking for and eventually finding jobs in different commuting zones. Crucially,
though, the coefficient for the log number of unemployed workers in the destina-
tion zone is neither negative nor statistically significant. This means that even con-
ditional on distance, it is not the case that workers seek out commuting zones with
less unemployment.

In order to be able to reproduce the finding from Figure 1.6 that, moreover,
workers who move tend to move to similar commuting zones in terms of local un-
employment, I also estimate a gravity equation that includes an interaction term of
the numbers of workers who are unemployed in both origin and destination zone.
The gravity equation then becomes
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sﬁl sjfiz (uitujt)ﬁ3
fie = ﬁtd_—ﬁ4 (1.3)
i

Results from estimating this equation in logs are in column (2) of Table 1.2. The
coefficient for the interaction term is indeed positive and statistically significant,
if far smaller than the coefficient for distance. This means that even conditional on
distance, workers who move tend to move to commuting zones with similar degrees
of unemployment.

The persistence of local unemployment and the now documented lack of mobil-
ity of workers over long distances and between good and bad local labor markets
together imply that workers spend most of their careers under similar conditions in
terms of local unemployment. Figure 1.7 puts numbers to this fact. It shows the av-
erage fraction of days in a career spent in each of the local unemployment quintile
ranks, conditional on the plain rank of the commuting zone a worker first entered
the labor market in at the time of labor market entry. It is worth remembering that,
while as demonstrated, regional mobility of workers is limited and local unemploy-
ment is quite persistent over time, in principle, over the course of a career, both
locations and a location’s unemployment rank can change. Nevertheless, the rank
of a worker’s initial commuting zone is a good predictor of the degree of unemploy-
ment that a worker is faced with throughout his career. Workers born between 1960
and 1962 who start their observable careers in a commuting zone with rank 5 very
high spend 36% of their time in commuting zones that have the same rank. Strik-
ingly, as much as 71% of time is spent in commuting zones with either the rank 5
very high or with the rank 4 high on average. At the other extreme, more than half
the time of workers who start their careers in the best labor markets with rank 1
very low is spent in zones with that same rank, and more than 80% of these workers’
time is spent in places with the lowest two ranks. Results for the other cohorts are
quite similar.

The results presented in this section suggest that unemployment rates are per-
sistent not only over time across locations, as demonstrated in Section 1.3. In fact,
as a result of this regional persistence and limited worker mobility, they are persis-
tent at the worker level as well. Workers who start their careers in depressed local
labor markets are likely to spend most of their time in local labor markets with a
high degree of local unemployment.
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Figure 1.7. Fractions of time spent in the five unemployment ranks
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Notes: Fractions of time spent in commuting zones of each of the five ranks by the rank of the
initial commuting zone where a worker first entered the labor market. The initial ranks are on the
y-axis. For example, the second cell in the first row of the left graph shows that workers who start
in a commuting zone with rank 1 very low spend 32% of their time in commuting zones with rank
2 low on average. Workers are ranked based on the unemployment quintile of the commuting
zone where they initially enter the labor market. The matrix on the left shows results for the
1960-1962 cohort, and the matrix on the right shows results for the 1971-1973 cohort.

1.5 Workers’ Labor Market Outcomes

1.5.1 Time in Unemployment

Having established that workers usually spend most of their time in similar local
labor markets, I now turn to the question of what this means for their labor market
outcomes. The most direct way in which long periods of time could be harmful to
workers is leading to more unemployment. I turn my attention to this channel now.
Because the SIAB reports observations exactly to the day I can not only detect a job
loss in a worker‘s labor market history but also calculate how long this unemploy-
ment spell lasts. A caveat is that not all sources of unemployment spells exist for
all years. Before 1997 only spells during which workers receive short-term unem-
ployment benefits are recorded in the data.® From 1997 onwards workers show up
as unemployed whenever they are registered as unemployed with the Federal Em-
ployment Agency (BA). As a result, in this Section numbers for years before 1997
exclude workers who are long-term unemployed.

8. In Germany, every employed worker contributes to unemployment insurance. Workers who
were employed for 12 months prior to becoming unemployed receive unemployment benefits from
the insurance for 6-12 months (up to 24 months for workers who are older than 50). Workers who do
not meet this criterion or remain unemployed for longer periods of time receive social benefits (ALG
I1). Information about these unemployment benefits is contained in the SIAB. Unfortunately, there is
no information about ALG II recipients before the year 2005 in the SIAB.
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Figure 1.8. Average accumulated number of job losses over the lifecycle
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Notes: The average number of job losses workers from each rank have had at each age. Workers
are ranked based on the unemployment quintile of the commuting zone where they initially
enter the labor market. Workers who have no observations after an age younger than 55 are
assumed to lose no further jobs. Job losses are defined as transitions from an employed spell to
an unemployed spell with a gap of fewer than 31 days between them. Birth years 1960-1962 on
the left, birth years 1971-1973 on the right.

Figure 1.8 shows how often workers have lost their jobs on average at each age.
I count any occurrence of an unemployment spell within a month after having been
employed as a job loss to ensure that I include job losses where workers fail to
register as unemployed immediately which could result in short gaps in the career
history. I again use the entry rank described in section 1.3.2 to rank workers.

It is evident from Figure 1.8 that the higher the unemployment rank, the more
job losses workers accumulate on average. This is true for all other cohorts as well,
as demonstrated in Figure 1.C.7 in the appendix. At age 55, workers who started in
the rank 1 very low accumulated about 0.8 job losses on average while their coun-
terparts who started in the rank 5 very high accumulated about 0.6. At the end of
their observable career, (i.e. at age 43) workers with the worst rank have accumu-
lated 0.6 more job losses on average than their peers with the best rank. In all other
cohorts, the difference is at a similar order of magnitude - confer Figure 1.C.7.

Apart from losing their jobs more often, another channel through which high
local unemployment may be harmful is greater difficulty in finding a new job, once
unemployed. Figure 1.9 shows the average length of an unemployment spell in each
cohort depending on the rank. Despite the clear trend of unemployment spells be-
coming shorter on average for younger cohorts, it is clear that workers with higher
unemployment ranks have longer unemployment spells. Workers with the highest
unemployment rank spend more than 10 days longer in unemployment than their
peers with the lowest rank.

Figure 1.10 shows the result of combining the results presented in Figure 1.8
and Figure 1.9 by showing how much time in unemployment workers accumulate
on average over the course of their careers by age. As expected, the plots for the
different ranks appear in the expected order as workers with higher unemployment
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Figure 1.9. Average length of unemployment spells
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Notes: The averages presented in this figure represent the average number of days, of unemploy-
ment spells for workers aged 25-55. Workers are ranked based on the unemployment quintile
of the commuting zone where they initially enter the labor market. The confidence intervals dis-
played are standard 95% confidence intervals.

Figure 1.10. Average accumulated time spent in unemployment
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Notes: The average number of days that workers have accumulated up to each age. Workers who
have no observations after an age younger than 55 are assumed to accumulate no further time
in unemployment. Workers are ranked based on the unemployment quintile of the commuting
zone where they initially enter the labor market. The confidence intervals displayed are standard
95% confidence intervals around the mean at each age. Results for the 1960-1962 cohort are on
the left, and results for the 1971-1973 cohort are on the right.
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ranks lose their jobs more often and have longer unemployment spells on average.
At any age workers with higher unemployment ranks accumulate more time in un-
employment. At the end of the observable lifecycle workers with the highest un-
employment rank accumulate more than a year more time in unemployment on
average than their peers with the lowest unemployment rank.

1.5.2 Wages

Having documented that workers who enter the labor markets in high-
unemployment regions spend more time in unemployment, I now turn to wages
and ask if workers in depressed local labor markets face lower wages than their
peers as well.

Figure 1.11. Log-wage lifecycle profiles of workers born 1960-1962
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Notes: Workers are ranked based on the unemployment quintile of the commuting zone where
they initially enter the labor market. Confidence bands represent standard 95% confidence in-
tervals around the mean log-wage at each age. The sample is restricted to workers who work in
full-time employment at each age.

Figure 1.11 shows log wage profiles for the 1960-1962 cohort. Since I only
observe daily wages and cannot observe the number of hours a part-time worker
works, I restrict the sample to full-time employed workers to ensure comparability.
I use the entry ranks described in Section 1.3.2 to rank workers. While the shown
log wage profiles all exhibit the familiar hump shape associated with log-wage life-
cycle profiles, it is difficult to see the difference between the profiles of the different
ranks. For this reason, in the remainder of the paper, I use the log wage profile of the
3 moderate rank as a benchmark and subtract it from the other four profiles when
comparing wages over the lifecycle. Figure 1.12 shows the result for the 1963-1965
and 1971-1973 cohorts.

For both cohorts, there is a clear difference in levels. At age 25, there is a differ-
ence of about 7 log points (or about 7%) for the 1960-1962 cohort and a difference
of about 12 log points for the 1971-1973 cohort. A similar difference of about 10%
exists for all the other cohorts as well.
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Figure 1.12. Log-wage lifecycle profiles relative to rank 3 moderate
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Notes: Average log-wage profiles of workers by unemployment rank. Workers are ranked based
on the unemployment quintile of the commuting zone where they initially enter the labor market.
From each of the shown log wage lifecycle profiles, the profile of the 3 moderate rank has been
subtracted. Confidence intervals are constructed at the 95% level, at each age point. The left
side of the figure represents birth years 1960-1962, while the right side represents birth years
1971-1973.

A second observation is that for most cohorts not only a difference in level exists,
but that a difference in growth exists as well. For the 1971-1973 cohort, this is very
pronounced as the wage gap opens up from about 7% at 25 to about 17% at 44.
The wage gap for the 1960-1962 cohort opens up to about 15%. However, for all
remaining cohorts, the growth level is also visible, and the wage gap opens up over
the lifecycle (the remaining plots are in Figure 1.C.9 in the appendix).

Given that I neither condition the sample on workers who stay in the same labor
market nor on workers who are directly affected by unemployment, this relation-
ship between local unemployment at labor market entry and the development of
lifecycle profiles is striking. Not only do workers spend a lot of time in labor mar-
kets with a similar relative degree of unemployment, but this is clearly reflected in
the development of wages over the lifecycle as well, stressing the important role of
the local labor markets where workers start their careers.

Even though the wage gaps shown in Figure 1.12 are sizable, as discussed in
Section 1.4, workers do not seem to systematically leave bad labor markets and
seek out the commuting zones with lower unemployment and higher average wages.
One way of explaining this could be that, while nominal wages are higher in low-
unemployment labor markets, so are local prices. Indeed, some low-unemployment
labor markets in Germany, such as Munich, are infamous for high prices and rents.

To quantify how much of the result is driven by these price differences, I repro-
duce the same figure using the regional CPI from the BBSR described in Section 1.2.
Figure 1.13 shows the result.

Clearly, a good part of the differences is absorbed by the CPI correction. The
1960-1962 cohort wage profiles exhibit no difference at 25, and the gap opens up
to only 10% at 55. The wage gaps in the 1971-1973 cohort, too, shrink to close to
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Figure 1.13. Regional CPl-adjusted log-wage lifecycle profiles relative to rank 3 moderate
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Notes: Average regional CPl-adjusted log-wage profiles of workers by unemployment rank. The
CPI adjustment was calculated using the regional CPI from the BBSR. Workers are ranked based
on the unemployment quintile of the commuting zone where they initially enter the labor market.
From each of the shown log wage lifecycle profiles, the profile of the 3 moderate rank has been
subtracted. Confidence intervals are constructed at the 95% level, at each age point. The left
side of the figure represents birth years 1963-1965, while the right side represents birth years
1971-1973.

indistinguishable instead of 10% at 25, opening up to about 15% instead of about
20% at 43. Nevertheless, a good part of the wage gaps persist and cannot be ex-
plained fully by the local price level, and for the younger cohorts in particular, the
wage gap remains quite substantial.

An explanation for spatial wage gaps that is common in the literature is worker
and firm sorting, where wage differences are attributed to the spatial concentra-
tion of productive firms or productive workers. To demonstrate that plain sorting
of worker types is not the driver of the observed wage gaps, I make further use of
my ability to track workers along their careers in the SIAB and estimate effects on
wages of having started in the different quintile ranks, conditional on worker fixed
effects. I pool the data of all cohorts of age 25-40 together and estimate

logwage;, = Z I{a = j}1{entry rank = k} By +ay; + v, +a;+ e, (1.4)
k=1,2,4,5
j=26,...,40
where a; is a worker fixed effect for worker i, B4 is the effect on the log-wage of
being a years old and having first entered the labor market in a commuting zone of
rank q(i). Since I can only observe daily and not hourly wages, I exclude all workers
who ever work part-time.® In order to estimate differential wage growth patterns,
I control for age and age squared. I take age 25 and the middle rank (3 moderate)
as benchmarks to avoid multicollinearity. Wages are adjusted using the regional CPI

9. 1 do not keep workers who work part-time only for some time because having worked part-
time may have effects on full-time wages later in a career.
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Figure 1.14. Fixed effect regression results
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represent wage effects of age, having started a career in the ranks 1 very low and 5 very high
respectively, conditional on worker fixed effects. Wages are adjusted using the regional CPI from
the BBSR before estimating the regression. Confidence intervals are at the 95% confidence level.
Standard errors are clustered at the worker level.

from the BBSR. The resulting fixed effects {f,q(;)}a=25,. 40 for the extreme ranks 1
very low and 5 very high are plotted in Figure 1.14.

The pattern of differential wage growth from Figures 1.12 and 1.13 is preserved.
At the beginning of the career at 26, there is no difference in effects on wages for
the two entry ranks. At age 40, however, this gap in wage effects has opened up
to about 11%. The order of magnitude of this gap is similar to the one exhibited
by the raw regional CPI adjusted shown in Figure 1.13. An important difference is
that wage effects for the top four ranks are very similar, whereas having started a
career in the worst rank leads to increasingly less wage growth, compared to the
other ranks. Nevertheless, at least from the worker side, the selection of types does
not explain the wage gap between the 5 very high and 1 very low unemployment
regions.

1.5.3 Accumulated Earnings

Section 1.5.1 documented that workers with higher entry ranks accumulate more
time in unemployment, and in Section 1.5.2, I documented that workers with
higher entry ranks earn lower average wages. Both have implications for lifetime
earnings. Lower wages directly lead to lower lifetime earnings. Time in unemploy-
ment leads to additional wage losses since the unemployment benefits workers re-
ceive are lower than the wage they would have earned in employment. On top of
that, it is well documented that time in unemployment leads to reduced wages after
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Figure 1.15. Average accumulated earnings by rank
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Notes: Accumulated lifetime earnings by unemployment rank of the commuting zone workers
started their first job in. The left side of the figure represents birth years 1960-1962, while the
right side represents birth years 1971-1973. Earnings are accumulated up to the age of 55 in the
left graph and up to the age of 44 on the right. The sample has been restricted to workers who
are observable for at least 90% of the time between the age of 25 and the last observable age
in each cohort. The price level has been adjusted to the level of 2010 using the CPI from the
Federal Statistics Office. The darker bars have additionally been adjusted to the price level of
Bonn using the regional CPI from the BBSR.

finding a new job - e.g., through less human capital accumulation or hampered fur-
ther job ladder climbing. © More accumulation of unemployment, therefore, lowers
lifetime earnings through both channels. In this section, leveraging the fact that I
can observe daily wages in the SIAB, I calculate accumulated earnings over the life-
cycle depending on the entry ranks.

Figure 1.15 shows accumulated lifetime earnings in 2010 € by entry rank, both
unadjusted and corrected for regional price differences using the regional CPIL. To
make wage levels comparable over cohorts, I CPI-adjust all wages to the level of
2010, using the CPI from the federal statistics office. Since I can only observe work-
ers up to 2017, only the 1960-1962 cohort can be observed for close to a full lifecy-
cle (up to age 55). Results for the other cohorts are therefore only partial lifetime
earnings, and I will focus on the first cohort in this section. In order to make sure
no results are driven by workers dropping out of the sample'?, I restrict the sample
to workers who are unobservable for no longer than 10% of time between ages 25
and 55 (or the cohort’s last observable age).

The gap between the highest and the lowest unemployment entry rank for the
oldest cohort amounts to €250,000 or about 18% higher accumulated earnings.

10. E.g. Jacobson, LalLonde, and Sullivan (1993) and Lachowska, Mas, and Woodbury (2020).

11. This can be due to a number of reasons. Workers may genuinely leave the labor force, but they
may also become civil servants, soldiers, become self-employed, or take up a job abroad. Additionally,
the data before 1997 has no information on workers under long-term unemployment who receive ALG
IT unemployment benefits. Unfortunately, there is no way of telling any of these gaps apart, and gaps
without any information on earnings, mechanically lower accumulated earnings over the lifecycle.
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Figure 1.16. Average residualized accumulated earnings
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Notes: Average residualized accumulated earnings until the age of 55 by unemployment rank of
the commuting zone workers started their first job in. Residualization is achieved by projecting
accumulated earnings on the specification represented by Equation 1.5. The figure shows results
for the birth years 1960-1962.

When correcting for region prices, the difference shrinks to about €150,000 in Bonn
prices or a difference of about 10%. To put these numbers into perspective, the av-
erage price for a new car in Germany in 2010 was about €26,000. These large num-
bers emphasize the long-term consequences of a career in a depressed labor market.
The same gap for the younger 1971-1972 cohort (shown on the right of Figure 1.15)
in accumulated earnings is about €150,000 in nominal terms or about €90,000 in
Bonn prices at age 44. Since the wage gaps between the unemployment ranks open
up with age, as documented in Section 1.5.2, this difference will likely become even
larger until workers in this cohort retire.

To determine how much of these gaps in accumulated earnings are individual
effects, it would be ideal to take out worker fixed effects. This is not feasible, how-
ever, since the unemployment rank a worker enters the labor market in and worker
fixed effects are collinear. Instead, I project the accumulated, regional-CPI-adjusted
earnings reported in Figure 1.15 on observables. Specifically, I estimate

w; = Xlﬁ + e, (15)

where w; denotes accumulated wages and X; includes controls for education, in-
dustry, occupation, and urbanization. I use the highest educational attainment ever
reported for each individual i and the occupation each individual i spent the most
time working in. The SIAB reports 120 levels of occupations based on the German
KldB 3-digit classification and 8 levels of industries based on the WZ08 classifica-
tion. urbanization; is a 3-level index that classifies the worker i’s first-ever commut-
ing zone into urban, rural, and in-between. It is taken from the BBSR. Figure 1.16
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shows average residuals from this regression by unemployment rank for the 1960-
1962 cohort.

The difference in the 1960-1962 cohort between the highest and the lowest rank
is about €50,000. Although the difference between the residualized accumulated
earnings is much smaller than between the raw accumulated earnings, a sizeable
part of lifetime income is not absorbed by the rich observables I project on. This em-
phasizes the predictive power of initial local labor market conditions for the career
outcomes of workers even further and raises the question of why workers do not
move away from bad local labor markets.

The results shown in Figure 1.15 are based solely on labor income. However, un-
employed workers receive unemployment insurance benefits. Given the persistence
of local unemployment, unemployment insurance benefits redistribute between re-
gions as every employed worker pays contributions, but only unemployed workers
receive benefits. In the remainder of this section, I show that this is the case to
a measurable degree, but not enough to change the situation of workers in high-
unemployment regions meaningfully.

Figure 1.17. Average accumulated earnings and benefits by rank
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Notes: Accumulated lifetime earnings by unemployment rank of the commuting zone workers
started their first job in for the 1960-1962 cohort. Earnings are accumulated up to the age of 55
in the left graph and up to the age of 44 on the right. The sample has been restricted to workers
who are observable for at least 90% of the time between the age of 25 and the last observable
age in each cohort. The price level has been adjusted to the level of 2010 using the CPI from
the Federal Statistics Office. The darker bars have additionally been adjusted to the price level
of Bonn using the regional CPI from the BBSR. The numbers include (short-term) unemployment
benefits.

Figure 1.17 shows accumulated earnings of the 1960-1962 cohort when unem-
ployment benefits are included. The difference between the highest and lowest un-
employment rank in accumulated earnings is hardly different when unemployment
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Figure 1.18. Net unemployment benefits by unemployment ranks over time
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Notes: The plot on the left shows contributions to social security subtracted from the sum of
benefits as observable in the SIAB by unemployment rank. The plot on the right shows the overall
unemployment rate in West Germany for comparison.

benefits are included. A likely driver is that wages in low-unemployment commuting
zones are higher, as demonstrated in Section 1.5.2, and therefore so are short-term
benefits, which replace a fixed part of a worker’s last wage.

A caveat is that only short-term unemployment benefits are observable in the
SIAB. In Section 1.B in the appendix, I describe a procedure to impute missing un-
employment benefits and show that it does not meaningfully change the difference
in accumulated income between the unemployment ranks either.

Nonetheless, the regional nature of unemployment makes unemployment insur-
ance redistributive between regions on a small scale. Figure 1.18 plots net benefits
(i.e., contributions to social security subtracted from the sum of benefits as observ-
able in the SIAB) and the overall unemployment rate in West Germany. As is evident,
particularly in high recessions, net benefits paid in high unemployment regions are
higher!2. This is of interest from a policy perspective in particular because local
unemployment is so persistent and the regions that benefit the most from unem-
ployment insurance are the same regions for extensive time periods.

1.6 Conclusion

Starting from the well-known fact that there is sizable and persistent heterogeneity
in local unemployment, I documented that workers are not very mobile between
good and bad local labor markets. Instead, I find that, driven by a lack of mobil-
ity over long distances, the degree of relative unemployment in a worker’s initial

12. Social security contribution rates are not fixed over time, so the numbers in Figure 1.18
depend on these rates as well. I show these rates together with more details about the unemployment
insurance system in Germany in Section 1.B in the appendix.
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commuting zone is a very good predictor of the degree of local unemployment the
worker will face throughout his working life.

I first document that workers who start in worse labor markets also accumulate
more time in unemployment, losing their jobs more often, and finding new jobs
more slowly on average.

I then proceed to demonstrate that workers earn different wages, depending on
whether they enter the labor market in a good or a bad local labor market. I find
wage gaps of about 7-10% at age 25 that open up to about 20% toward the end
of the observable lifecycle between workers who started in the highest and workers
who started in the lowest local unemployment quintile. I demonstrate that adjusting
for the local price level and controlling for worker fixed effects does not do away
with these differences in wage growth. At age 40, a difference in wage effects in the
order of magnitude of 11% remains.

Controlling for local prices, until the age of 55 there is a difference in lifetime
earnings of about €150,000 in terms of regionally adjusted 2010-prices. Residualiz-
ing lifetime earnings with rich observables, a gap of about €50,000 remains.

I conclude that it does matter considerably where a worker starts his working
life. The natural way forward for future research would be to establish the mecha-
nism that drives my findings. I view this as a promising avenue for future research.
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1. Appendix

1.A Data

1.A.1 Wage Imputation

Employers in Germany report employers’ wages only up to the contribution limit
to social security accounts. The wage variable is therefore right-censored. To cir-
cumvent this problem I follow the procedure recommended by Gartner (2005)
and impute wages in the following way: For every year I estimate the model
logwage;, = x/,8 + e;;, where x;, is a vector containing imputed education level, la-
bor market status (full-time employed, part-time employed, marginally employed
or apprentice), the fraction of spells where an individuals wage is censored in other
years and the mean reported wage from other years for individual i at time t using
TOBIT estimation.

In order not to underestimate the variance of wages above the censoring level
I then use the predicted wage xl{tﬁmbit and the estimate of the standard deviation
G iobit to draw the imputed wage from the truncated normal distribution with mean
x{tﬁmbit and standard deviation & ;. truncated to the left at the censoring level.

As the results presented below are mainly based on samples that are restricted
to men I impute wages for men and women separately to allow for different wage
variances for men and women.

1.A.2 Education Imputation

The BeH data is taken from reports that employers make about their employees.
While this official nature of the data source lends it a great deal of its credibility
there is room for interpretation as to what exactly should be reported that may be
handled differently by different employers. The education variable in particular suf-
fers from inconsistencies such as reporting lower levels of education after higher
levels have been reported for the same individual in previous years. One reason
for this may be that employers tend to report only the minimum education level
required for a particular job. To deal with these inconsistencies I employ the Ed-
ucation Imputation Procedure 1 proposed by Fitzenberger, Osikominu, and Volter
(2005) and extrapolate reported education such that I am left with 6 consistent ed-
ucation variables: 1 No Degree, 2 High School, 3 Vocational Training, 4 High School
and Vocational Training, 5 Technical College and 6 University.

1.A.3 Spell Error Imputation

In some cases, there are gaps in the reported unemployment history of an individ-
ual. Because employers report information about employees in continuous ongoing
employment once yearly I follow Bohm, Gaudecker, and Schran (2023 forthcom-
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Figure 1.A.1. SIAB vs BA unemployment rates (1985)
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ing) and impute such gaps if there is a one-year gap between two spells with the
same employer by filling it with the last valid spell. Other gaps are interpreted as
spells during which an individual is not part of the labor force.
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Figure 1.A.2. Regional CPI vs INKAR rent-index
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Notes: The INKAR rent-index is provided by the BBSR on the INKAR wbesite. It is based on rents
of flats of 40-100 m? in average or good neighborhoods advertised on a variety of platforms. It
is meant to reflect offers that people who look for a flat online in a given county are typically
faced with. It is reported in €1 bins.
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Figure 1.A.3. Regional CPI vs building land prices
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Notes: Building land prices are average prices per square-meter of sold building land within a
county. The data comes from Regionaldatenbank Deutschland - the regional data base of the
federal and state level statistical offices of Germany.

1.B Unemployment Benefit Imputation

The German unemployment benefit system works as follows: Workers who were em-
ployed for at least 24 month with the last 5 years before entering unemployment
receive 60% of their after tax wages up to the maximum social security contribution
level for up to two years. This means that the benefit depends on the tax class and
other particularities of the German tax system that are impossible to reconstruct for
each individual worker because they in turn depend on unobserved characteristics
such as e.g. marital status and the number of children. I therefore impute these ben-
efits in the following way: Each year, I use the sample of workers for whom I can ob-
serve unemployment benefits and run a TOBIT regression, regressing the observed
benefit on the last observed wage. I then use the fitted TOBIT model to predict the
benefit for unemployed workers with unobservable unemployment benefit. Benefits
paid under this scheme are called Arbeitslosengeld (ALG).

Until 2005, as a fallback, workers who were employed for at least 12 months
within the past 30 months before entering unemployment received lower benefits
called Arbeitslosenhilfe (ALH). ALH was based on a similar system as ALG and I im-
pute it in the same way for workers without observable benefits who are eligible for
ALH bit not for ALG. Figure 1.B.1 shows an illustration of the TOBIT predictions.

Until 2005 Long-term unemployment benefits were part of social benefits regu-
lated and paid by local governments. I am unaware of a feasible imputation strategy
for these payments. Since 2005 there are nation-wide fixed long-term unemploy-
ment benefits. I simply use the official benefit figures for long-term unemployment
workers reported through the ASU.

Adding these imputations to the workers observable income results in slightly
higher accumulated income than shown in Figure 1.17. However, the difference
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Figure 1.B.1. Tobit Prediction of Unemployment Benefit 2000
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Notes: The blue dots plot actually observed benefits on the y-axis against the respective worker’s
last wage on the x-axis. The red line shows the fitted TOBIT model that | use to impute benefits
for unemployed workers without observable benefits.

Figure 1.B.2. Average accumulated earnings and benefits by rank
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Notes: Accumulated life-time earnings by unemployment rank of the commuting zone workers
started their first job in for the 1960-1962 cohort. Earnings are accumulated up to the age of
55 for in the left graph and up to the age of 44 on the right. The sample has been restricted
to workers who are observable for at least 90% of the time between the age of 25 and the last
observable age in each cohort. The price level has been adjusted to the level of 2010 using
the CPI from the Federal Statistics Office. The darker bars have additionally been adjusted to
the price level of Bonn using the regional CPI from the BBSR. The numbers include imputed
unemployment benefits.

between the high and low unemployment ranks doesn’t change much. Results for
the 1960-1962 cohort are shown in Figure 1.B.2.



34 | 1 Local Unemployment, Worker Mobility and Labor Market Outcomes: Evidence from Germany

Unemployment insurance is financed using social security contributions. Em-
ployed workers pay a share of their wage to social security. These contribution rates
for the years covered by the SIAB are given in Table 1.B.1.

Table 1.B.1. Social Security Contribution Rates

| Year | Rate || Year | Rate || Year | Rate || Year | Rate |

1975 | 0.020 || 1986 | 0.041 || 1997 | 0.065 || 2008 | 0.038
1976 | 0.020 (| 1987 | 0.041 || 1998 | 0.065 || 2009 | 0.033
1977 | 0.020 || 1988 | 0.041 || 1999 | 0.065 || 2010 | 0.028
1978 | 0.020 || 1989 | 0.041 || 2000 | 0.065 || 2011 | 0.028
1979 | 0.020 (| 1990 | 0.043 || 2001 | 0.065 || 2012 | 0.030
1980 | 0.030 (| 1991 | 0.043 || 2002 | 0.065 || 2013 | 0.030
1981 | 0.030 (| 1992 | 0.043 || 2003 | 0.065 || 2014 | 0.030
1982 | 0.030 || 1993 | 0.043 || 2004 | 0.065 || 2015 | 0.030
1983 | 0.030 (| 1994 | 0.043 || 2005 | 0.065 || 2016 | 0.030
1984 | 0.030 (| 1995 | 0.065 || 2006 | 0.065 || 2017 | 0.030
1985 | 0.041 || 1996 | 0.065 || 2007 | 0.042
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1.C Additional Figures and Tables

In the main text, in many cases, I only show results for two cohorts. Since the results
are very similar across cohorts, I present the remaining cohort-specific results in this
appendix.

Figure 1.C.1 shows the fractions of moves by unemployment rank of origin and
destination commuting zones across the additional cohorts. Figure 1.C.2 reports the
same patterns for moves over at least 200 kilometers. Figures 1.C.3 and 1.C.4 show
the corresponding transition matrices separately for workers moving after unem-
ployment and after employment. Figure 1.C.5 shows how much time workers from
each initial unemployment rank spend in commuting zones of the different ranks
over their working lives. Figure 1.C.6 presents the same evidence for workers who
entered the labor market as apprentices before age 20. Figure 1.C.7 shows accu-
mulated job losses. Figure 1.C.8 shows accumulated time spent in unemployment.
Figure 1.C.9 shows wage profiles relative to the 3 moderate rank for the additional
cohorts. Figure 1.C.10 shows the same wage profiles with the additional regional
CPI adjustment. Figure 1.C.11 shows accumulated earnings by rank for the addi-
tional cohorts. Since the data is only available up to 2017, the 1977-1979 cohort is
omitted from this figure.

Table 1.C.1 shows that workers who can be tracked in the data already as ap-
prentices start their first job close to where they were apprenticed. This suggests
that the place of labor market entry that I use to rank workers in the main analysis
is likely highly correlated with where workers grew up.
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Figure 1.C.1. Fractions of moves by unemployment rank of origin- and destination commuting
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Notes: Each cell in the matrices above represents the fraction of moves away from commuting
zones with an unemployment rank indicated by the row to a commuting zone with an unem-
ployment rank indicated by the column. E.g., the second cell in the first row of the left matrix
indicates that 29% of moves away from zones with rank 1 very low went to zones with rank 2 low.
Workers are ranked based on the unemployment quintile of the commuting zone where they ini-
tially enter the labor market. Cohorts are arranged as follows: 1960-1962 - top left, 1966-1967 -
top right, 1968-1970 - middle left, 1974-1976 - middle right, 1977-1979 bottom.
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Figure 1.C.2. Fractions of moves over at least 200 km by unemployment rank of origin- and des-
tination commuting zones
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(e) 1977-1979 Cohort

Notes: Each cell in the above matrices represents the fraction of moves away from commuting
zones with an unemployment rank indicated by the row to a commuting zone with an unemploy-
ment rank indicated by the column. Only moves over a distance of at least 200 km are considered.
Distance between two commuting zones is measured as the minimum distance between the bor-
ders of these commuting zones. E.g., the second cell in the first row of the left matrix indicates
that 18% of moves away from zones with rank 1 very low went to zones with rank 2 low. Work-
ers are ranked based on the unemployment quintile of the commuting zone where they initially
enter the labor market. Cohorts are arranged as follows: 1960-1962 - top left, 1966-1967 - top
right, 1968-1970 - middle left, 1974-1976 - middle right, 1977-1979 bottom.
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Figure 1.C.3. Fractions of moves by unemployment rank of origin- and destination commuting
zones - unemployment workers
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Notes: Each cell in the matrices above represents the fraction of moves away from commuting
zones with an unemployment rank indicated by the row to a commuting zone with an unemploy-
ment rank indicated by the column. Only moves that happen immediately after an unemploy-
ment spell are considered. E.g., the second cell in the first row of the left matrix indicates that
29% of moves away from zones with rank 1 very low went to zones with rank 2 low. Workers are
ranked based on the unemployment quintile of the commuting zone where they initially enter
the labor market. The matrix on the left shows the results for the 1963-1965 cohort, and the
matrix on the right shows the results for the 1971-1973 cohort.

Figure 1.C.4. Fractions of moves by unemployment rank of origin- and destination commuting
zones - unemployment workers
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Notes: Fractions of moves of workers who were employed before moving that occur over the
whole life by the rank of origin and rank of destination. The matrix on the left shows the results
for the 1963-1965 cohort, the matrix on the right shows the results for the 1971-1973 cohort.
Each cell in the matrices above represents the fraction of moves away from commuting zones
with an unemployment rank indicated by the row to a commuting zone with an unemployment
rank indicated by the column. Only moves that happen immediately after a spell under employ-
ment are considered. E.g., the second cell in the first row of the left matrix indicates that 29% of
moves away from zones with rank 1 very low went to zones with rank 2 low. Workers are ranked
based on the unemployment quintile of the commuting zone where they initially enter the labor
market. The matrix on the left shows the results for the 1963-1965 cohort, and the matrix on the
right shows the results for the 1971-1973 cohort.
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Figure 1.C.5. Fractions of time spent in the five unemployment ranks
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Notes: Fractions of time spent in commuting zones of each of the five ranks by the rank of the
initial commuting zone of a worker where he first entered the labor market. The initial ranks are
on the y-axis. For example, the second cell in the first row of the left graph states that workers
who start in a commuting zone with rank 1 very low spend 32% of their time in commuting zones
with rank 2 low on average. Workers are ranked based on the unemployment quintile of the
commuting zone where they initially enter the labor market. Cohorts are arranged as follows:
1960-1962 - top left, 1966-1967 - top right, 1968-1970 - middle left, 1974-1976 - middle right,
1977-1979 bottom.
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Figure 1.C.6. Fractions of time spent in the five unemployment ranks, apprentices only
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Notes: Fractions of time spent in commuting zones of each of the five ranks by rank of the initial
commuting zone of a worker entered the labor market in. The sample is restricted to workers
who enter the labor market as apprentices before the age of 20. The initial ranks are on the y-
axis. For example, the second cell in the first row of the left graph states that workers who start
in a commuting zone with rank 1 very low spend 32% of their time in commuting zones with rank
2 low on average. Workers are ranked based on the unemployment quintile of the commuting
zone where they initially enter the labor market. The matrix on the left shows the results for the
1963-1965 cohort, and the matrix on the right shows the results for the 1971-1973 cohort.

Table 1.C.1. Fractions of workers who start a first job within a given distance from the commuting
zone they were apprenticed in

stayers neighboring zone 100 km 200km

cohort

1960-1962 0.886477 0.944741 0.980467 0.989316
1963-1965 0.871097 0.938801 0.978383 0.987640
1966-1967 0.863239 0.932684 0.975736 0.986004
1968-1970 0.866690 0.940537 0.980296 0.988598
1971-1973 0.857920 0.936378 0.977938 0.987726
1974-1976 0.851978 0.932327 0.974109 0.986430
1977-1979 0.845169 0.930024 0.976455 0.987192

Notes: Sample consists of workers who entered the labor market as apprentices before the age of
20. The first column shows the fraction of such workers who start their first non-apprentice-job in
the same commuting zone that they were apprenticed in. The second column shows the fraction
of workers that start their first non-apprentice job in the same or a neighboring commuting zone.
The third and fourth columns show the fractions of workers that stay within a radius of 100
km and 200 km, respectively, from where they were apprenticed when they start their first non-
apprentice-job. Distance between two commuting zones is measured as the minimum distance
between the borders of these commuting zones.
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Figure 1.C.7. Average accumulated job losses
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Notes: The average number of job losses workers from each rank have had at each age. Workers
are ranked based on the unemployment quintile of the commuting zone where they initially
enter the labor market. Workers who have no observations after an age younger than 55 are
assumed to lose no further jobs. Job losses are defined as transitions from an employed spell
to an unemployed spell with a gap of fewer than 31 days between them. Cohorts are arranged
as follows: 1960-1962 - top left, 1966-1967 - top right, 1968-1970 - middle left, 1974-1976 -
middle right, 1977-1979 bottom.
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Figure 1.C.8. Average accumulated time spent in unemployment
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Notes: The average number of days that workers have accumulated up to each age. Workers who
have no observations after an age younger than 55 are assumed to accumulate no further time in
unemployment. Workers are ranked based on the unemployment quintile of the commuting zone
where they initially enter the labor market. The confidence intervals displayed are standard 95%
confidence intervals around the mean at each age. Cohorts are arranged as follows: 1960-1962
- top left, 1966-1967 - top right, 1968-1970 - middle left, 1974-1976 - middle right, 1977-1979
bottom.
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Figure 1.C.9. Average Log Wage lifecycle Profiles relative to rank 3 moderate
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Notes: Average log-wage profiles of workers by unemployment rank. Workers are ranked based
on the unemployment quintile of the commuting zone where they initially enter the labor market.
From each of the shown log wage lifecycle profiles, the profile of the 3 moderate rank has been
subtracted. Confidence intervals are computed using two-sided t-tests to assess whether the
resulting difference is statistically significant from o at the 95% level at each age. Cohorts are
arranged as follows: 1960-1962 - top left, 1966-1967 - top right, 1968-1970 - middle left, 1974-
1976 - middle right, 1977-1979 bottom.
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Figure 1.C.10. Regional CPI-adjusted Log Wage lifecycle Profiles relative to rank 3 moderate

Log wage difference
Log wage difference

30 35 40 45 50 5 25 30 3 40 a5 50 55
Age Age

(a) 1960-1962 Cohort (b) 1966-1967 Cohort

— very low — very low
low low

— high — high

— very high —— very high

-0.10 -0.10
2

30 35 40 45 50 5 25 30 3 40 I3 50 55
Age Age

Log wage difference
Log wage difference
° °
8 3

-0.05 -0.05

(c) 1968-1970 Cohort (d) 1974-1976 Cohort

— verylow
low

— high

— very high

0.05 0/

Log wage difference

-0.05

-0.10
2

30 35 40 45 50 E
Age

(e) 1977-1979 Cohort

Notes: Average regional CPl-adjusted log-wage profiles of workers by unemployment rank. The
CPI adjustment was calculated using the regional CPI from the BBSR. Workers are ranked based
on the unemployment quintile of the commuting zone where they initially enter the labor market.
From each of the shown log wage lifecycle profiles, the profile of the 3 moderate rank has been
subtracted. Confidence intervals are computed using two-sided t-tests to assess whether the
resulting difference is statistically significant from o at the 95% level at each age. Cohorts are
arranged as follows: 1960-1962 - top left, 1966-1967 - top right, 1968-1970 - middle left, 1974-
1976 - middle right, 1977-1979 bottom.
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Figure 1.C.11. Average accumulated earnings
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Notes: Average accumulated earnings up to the age of 40. The sample includes workers with gaps
in their observable histories that comprise no more than 10% of the time between the ages of 25
and 55. Cohorts are arranged as follows: 1963-1965 - top left, 1966-1967 - top right, 1968-1970
- middle left, 1974-1976 - middle right.
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Chapter 2

Regional Occupations, Local Rents and
Worker Mobility*

2.1 Introduction

There are large differences between regional wage levels in developed economies.
Yet, worker mobility remains low. This raises the question of why workers do not
move to high-wage regions in large numbers.

In the literature, the most prevalent explanations are high moving costs, sorting
of workers into regions by their productivity, and high regional living costs. Two im-
portant considerations have evaded the spotlight of the discussion, however. Firstly,
local labor markets differ not only in productivity and wage levels, but also in the
type of work workers perform. Secondly, moving decisions that take into account ca-
reer opportunities depend crucially on the stage of a worker’s career and therefore
on age.

In this study, I combine these two points and argue that worker mobility is low
because, over their careers, workers accumulate human capital that is tailored to
their local labor market and is therefore not easily transferable to other regions.
First, I empirically document large differences in real wage growth between regions
and show that large parts of these differences can be accounted for by regional oc-
cupation compositions. Building on these findings, I develop a general equilibrium
model in which the skills workers accumulate through experience reflect their la-
bor market. In the calibrated model, young workers are discouraged from moving
to the high-wage region primarily because of high rents, while older workers have
little incentive to move since it would render the skills they have accumulated less

* I thank Moritz Kuhn and Hans-Martin v. Gaudecker for invaluable advice, guidance, and encour-
agement throughout this project. I also thank Christian Bayer, Michael Peters, Joseph Altonji, Kerstin
Holzheu and Brigitte Hochmuth as well as participants of various seminars for their helpful feed-
back and comments. Support by the Deutsche Forschungsgemeinschaft (DFG) through CRC TR 224
(Project C01) is gratefully acknowledged. The usual disclaimer applies.
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productive. Together, housing market frictions and region-specific skill accumula-
tion are sufficient to lock workers into their initial regions, with only minor direct
moving costs. In light of this interaction between local housing and labor markets, I
proceed to conduct policy experiments that show that housing construction in high-
wage regions can increase mobility, GDP, and welfare, even in a region where no
new houses are constructed.

In the first part of the paper, I leverage high-quality administrative data from
Germany and document three key facts. Firstly, I show that worker mobility is in-
deed low in Germany. At the age of 55, about half of all workers have spent their
entire career in the very same commuting zone and about 70% have never moved
further than to a commuting zone neighboring their very first one.

Secondly, over the life-cycle, the difference between expensive high- and cheap
low-wage regions is not a difference in wage levels but in wage growth. Making
use of the large correlation between the wage and the rent level, I split the sample
into 3 using rent terciles. Taking regional prices into account, workers who begin
their career in the lowest rent tercile actually earn about 6% higher real wages
than their peers who start in the highest tercile. However, because of greater wage
growth, workers from the highest tercile earn more on average in the middle part
and especially at the end of their careers. At age 55, workers in the highest tercile
earn about 10% higher real wages than their counterparts in the lowest tercile. I
show that these growth patterns persist even when controlling for individual and
age by occupation fixed effects in a dynamic diff-in-diff regression, casting doubt
over the view that pure worker selection causes the wage differences.

Thirdly, occupations are spatially concentrated. Even after taking different sizes
of regional workforces into account, each occupation in the data exhibits strictly
convex Lorenz curves across commuting zones. The resulting different regional oc-
cupational compositions explain a sizable part of the regional variation in wage lev-
els and wage growth. Depending on the decade, the composition of occupations ex-
plains about 60-80% of variation in the wage level and about 45-55% of variation
in wage growth over 25 years at the county level.

In the second part of the paper, I propose a two-region general-equilibrium life-
cycle model with local labor and rent markets to explain low worker mobility in
light of my empirical findings. Workers draw utility from a final consumption good
and housing, and can save but not borrow. Workers can choose to relocate between
the regions at a resource and a utility moving cost every year. Human capital is
two-dimensional, consisting of two separate skills, and is accumulated stochastically
through experience. In line with different occupation compositions in each region,
one of the two skills is more productive and can be learned faster, and in each region,
a separate intermediate output good is produced. One of the regions has faster wage
growth on average because its dominant skill can be accumulated faster.

I calibrate the model to the German data and investigate which forces lead to
low worker mobility. I find that workers born in the poorer region with less wage
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growth face a dilemma. In principle, they would like to move to the region with
high wage growth to maximize their expected career outcomes. The strongest force
that keeps them from moving there is the high rent price in that region. By con-
trast, older workers well into their careers have accumulated wealth and can afford
high rents more easily, but are kept back by their human capital. On average, it re-
flects their local labor market and is less applicable in the other region. Taking the
dynamic interaction between locally adapted human capital and regional housing
costs into account, the implied moving costs—measured as compensating differ-
entials between moving and staying—are much lower than typically estimated in
the literature, averaging about €39,000. They are especially small for young work-
ers—only about €8,000 for 20-year-olds—and increase with age as human capital
becomes more region-specific. I show that estimating a Mincer regression, which as-
sumes full portability of experience across regions, strongly overestimates potential
wage gains of moving to the high wage region.

Finally, I use the model to study housing policy as a lever for regional mobility.
I conduct a policy experiment in which the government finances the construction
of an additional 3% of housing in the high-rent region with greater wage growth.
I find that this policy succeeds in inducing more mobility towards the high-wage
region through the resulting rent price reduction. A secondary effect is that wages
change in both regions. The larger influx of labor supply leads to lower wages in
the region with greater growth and to a wage increase in the low-wage region. The
policy is welfare-enhancing for workers in both regions, however. In the high-wage
region, the welfare gains from cheaper housing outweigh the welfare loss from the
wage decrease. Workers in the low-wage region value the wage increase at home,
but crucially, the increased opportunity from easier mobility to the growth region
as well. Overall consumption equivalent variation for newborn workers is 0.80%.
Because more workers benefit from the faster skill accumulation in the rich region,
I register a 0.04% increase in final output.

The remainder of the paper is structured as follows: Section 2.2 discusses the
data I employ for the empirical analysis. Section 2.3 presents the empirical results.
Section 2.4 discusses model assumptions and calibration. Section 2.5 explains low
mobility through the lens of the model. The policy experiments are described in
Section 2.6. Section 2.7 concludes.

Related Literature My work relates to several branches of the literature. Going
back to Sjaastad (1962), the idea that moving can be seen as an investment has
been present in the literature for a long time. In an important recent addition to this
view Bilal and Rossi-Hansberg (2021), who stress the short-term cost and long-term
pay-offs of location choice, and that moving to a cheap location is unlike financial
assets, not subject to borrowing constraints. I document a clear application of long-
term investment through location choice in light of regional human capital.
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Equally important, there is the literature on moving costs and migration. An
early seminal contribution is Roback (1982), who stresses the role of local ameni-
ties. In a more recent influential study Kennan and Walker (2011) estimate large
moving costs but also substantial effects of expected income in different regions.
Other papers replicate large moving cost estimates in other settings (e.g., Bryan
and Morten, 2019; Tombe and Zhu, 2019; Ransom, 2022). Central to the mech-
anism in my model, Bayer and Juessen (2012) show that moving costs are over-
estimated if dynamic selection is not taken into account. Also related to my work,
Kaplan and Schulhofer-Wohl (2017a) use a model with occupations and regions
to explain a drop in interstate mobility by better information and less dispersed
wages between states within occupations. Other papers focus on spatial frictions
such as impeded ability to compete (Schmutz and Sidibé, 2018) or increased search
costs (Heise and Porzio, 2022; Diaz, Janez, and Wellschmied, 2023). Perhaps clos-
est to my work, Diaz, Janez, and Wellschmied (2023) stress the lifecycle nature
of moving and higher rents because of wealthy late-career workers in high-wage
regions. Diaz, Janez, and Wellschmied (2023) focus on search frictions, however.
While their focus is on search frictions, my paper instead highlights how regional
occupation structures and the accumulation of region-specific human capital shape
workers’ mobility decisions and regional wage dynamics. Moreover, unlike Diaz,
Janez, and Wellschmied (2023), my model allows for borrowing constraints and
captures general-equilibrium feedback through the production of regional interme-
diate goods.

I add to this literature in a number of ways. I explicitly take the accumulation of
regional human capital because of regional occupation structures over the lifecycle
into account. Additionally, I allow workers to accumulate wealth in the presence
of borrowing constraints. Finally, I stress the general-equilibrium effects of mov-
ing large numbers of workers between regions that produce different intermediate
goods.

Further, there is research on local living costs. Moretti (2013) finds that the nom-
inal wage difference between skill groups is, in part, mitigated by high local living
costs. Card, Rothstein, and Yi (2025) find that local wage-premia are offset by local
living costs. Relatedly, my work connects to the literature on regional housing sup-
ply and its implications. Hsieh and Moretti (2019) find that in a Rosen-Roback style
model, restrictions on new housing supply impede GDP growth in the US. Other
papers, too, find evidence for regulations driving up housing prices (e.g., Glaeser,
Gyourko, and Saks, 2005; Glaeser and Ward, 2009; Saiz, 2010; Herkenhoff, Oha-
nian, and Prescott, 2017; Glaeser and Gyourko, 2018). Building on these findings,
I take inelastic housing supply as given and add the point that the resulting high
living costs have career implications by making young workers miss the window of
moving towards opportunity.

A key aspect of my theory is the specificity of human capital. Going back to
Shaw (1984) and Shaw (1987), this idea has long been present in the literature.
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More recently, Kambourov and Manovskii (2009) show that there are sizable re-
turns to occupational experience. Sullivan (2010), too, finds that both occupation
and industry-specific human capital are key determinants of wages. Another strand
of the literature stresses the importance of different tasks performed in different
occupations for the accumulation of human capital (e.g., Yamaguchi, 2012; Béhm,
Gaudecker, and Schran, 2024).

The point that workers experience larger wage growth and learn more or more
quickly in some places than in others, which is key to my theory, is well accepted
in the literature. Glaeser and Maré (2001), find that workers in cities have higher
wage growth and that a wage premium stays with workers who leave cities, sug-
gesting faster human capital accumulation. Roca and Puga (2016), too, find that
workers in large cities accumulate more valuable experience. Dauth et al. (2022)
stress that workers in cities have better matching opportunities.

Finally, there is an influential branch of the literature that stresses selection and
sorting of workers and firms into locations. Regarding firm selections Bilal (2023)
explains regional differences in job stability and unemployment through selection
of firms by productivity. Lindenlaub, Oh, and Peters (2022) show that firm sorting
has an important influence on wage dispersion. Lhullier (2025) explains between
and within-city wage inequality through agglomeration of productive firms. Con-
cerning selection from the worker side, the literature is focused on selection of high-
versus low-skilled workers. In this spirit, Borjas, Bronars, and Trejo (1992) stresses
the role of differential returns to being high-skilled in different locations. Similarly,
Hunt and Mueller (2004) find that workers with high skills migrate to areas with
high returns. Dahl (2002) confirms the importance of comparative advantages of
high and low education types in Roy-type regional selection models. Behrens, Du-
ranton, and Robert-Nicoud (2014) explain the correlation between skills and city
population through sorting by talent and productivity. Diamond (2016) attributes
increases in sorting to labor demand changes and changes in local amenities. I add
to this literature by stressing that skill is multidimensional and that it evolves with
experience that depends on the region where it is gained. As a result, in my model,
comparative advantage evolves with regional labor market experience.

2.2 Data

I use the Sample of Integrated Labor Market Histories (SIAB) provided by the Insti-
tute for Employment Research (IAB) at the German Federal Employment Agency.
The SIAB is a 2% random sample of the complete labor market histories of all work-
ers covered by social security in Germany between 1975 and 2017. Approximately
80% of the German workforce is covered, excluding only the self-employed, civil
servants, and the military. The data contain detailed information on daily wages
and socio-demographics, including age, gender, and education. A key feature of the
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SIAB is its regional detail: it reports the county of each workplace, enabling me to
track workers’ locations over time. Because counties are relatively small administra-
tive units, I measure geographic moves at the level of commuting zones defined by
the Federal Office for Building and Regional Planning (BBSR), which better reflect
local labor markets. An additional key strength of these data is that they record
occupations in 120 levels, based on the German KldB classification.

For my analysis, I restrict the sample to male workers born between 1950 and
1964. Female labor force participation was relatively low in these cohorts, and East
German observations are only available from 1993; I therefore drop all workers with
any East German observations. To focus on long-term career and mobility outcomes,
I further exclude workers with very short employment histories, keeping only those
whose first observation occurs at age 30 or earlier and whose last observation occurs
at age 45 or later.

Although the SIAB is recorded at a daily frequency, I construct an annual panel
by retaining only the spell active on June 1 of each year. One limitation of the data
is that wages are top-coded at the social security contribution ceiling; about 12%
of wage observations are thus right-censored. Following B6hm, Gaudecker, and
Schran (2024) and Dustmann, Ludsteck, and Schonberg (2009), I impute these
censored wages with a standard procedure. The imputation procedure is described
in detail in Appendix 2.A.1.

In addition to the microdata described above, my analysis requires information
on local price levels. To measure the county-level price level, I use a regional con-
sumer price index (CPI) published by the BBSR, based on regional prices in 2007.
When measuring wage growth and in the calibration, I deflate all monetary vari-
ables to 1995 prices using the national CPI from Jorda et al. (2017). Regional price
differences are accounted for using the BBSR regional CPI.

I also require information on local rents. For this, I draw on the rent index from
the Indicators and Maps on Urban and Spatial Development (INKAR) database of the
BBSR. These data measure the average offered rent per square meter for apartments
in medium to good residential areas and are available from 2010 onward. Because
the rent index is only available from 2010, I use 2010 values to rank counties in
earlier years. To validate this, I make use of the high correlation between rents
and building land prices. Building land prices are available at the county level since
1995, and for even earlier years for major cities. Appendix 2.A.2 shows that building
land prices are extremely persistent between 1985 and 2010, and that after 2010,
rents and building land prices are highly correlated. This provides confidence that
the relative ranking of local rents is stable over time. Further, in my analysis, I ag-
gregate the rent index into three categories (low, medium, high) to classify counties
by relative cost using county rent terciles. As a robustness check, I use the govern-
ment’s regional rent categories for calculating housing allowances for low-income
households (Wohngeld). These categories are based on rents for relatively low-cost
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apartments. Rerunning my main empirical analysis with these data does not change
my empirical conclusions, as reported in Appendix 2.C.

To calibrate the model, I also use the Socio-Economic Panel (SOEP). To estimate
initial wealth, I restrict the data to individuals observed between the ages of 16 and
20. I make use of each individual’s reported asset values from the personal wealth
module (financial assets, business assets, real estate assets, insurance and pension
assets, and other assets such as valuable possessions). To estimate household size, I
estimate the modified OECD equivalent scale on households with exactly one adult
male worker born between 1940 and 1964. Details of this procedure are discussed
in Appendix 2.E.2. I also use regional data from the federal statistics office (Destatis)
and the statistics offices of the German states on the regional total square meters of
housing and the regional number of births. Details on the calibration are discussed
in Section 2.4.3.

2.3 Empirical Facts

2.3.1 Local Wages and Worker Mobility

Differences between regional wage levels in Germany are large and persistent. The
left panel of Figure 2.1 shows a map of West Germany with average log daily wages
at the commuting zone level in 1990. The difference between the highest and the
lowest level is about 0.6 log-points (over 60%)*. The right panel of Figure 2.1 shows
the extremely high level of persistence of local wage levels in a scatter plot. The
correlation between commuting zone average levels over the 20-year gap from 1990
to 2010 is 0.868.

Despite these large differences in local wage levels, worker mobility during the
same time was low. Figure 2.2 shows the fraction of workers who have never left the
commuting zone they initially started their career in against age. By age 55, around
half of all workers have never left the commuting zone in which they began their
career. The dashed line in Figure 2.2 reveals that as many as 70% of workers have
never worked in a commuting zone that does not neighbor their initial commuting
zone. This means that a large fraction of careers in Germany played out in only one
commuting zone or close by. In particular, this fact is not simply driven by workers
who spend their entire careers in high-wage areas. As shown in Figure 2.B.2 in the
appendix, the numbers hardly change when reducing the sample to workers who
started their career in commuting zones of the lowest wage tercile.

Given the large differences in the local wage level, this is surprising. Should
the large and persistent wage level differences not lead to workers moving to high

1. Figure 2.1 in the appendix shows that a large part of the variation survives residualization
by age and education.
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Figure 2.1. Local Wage Level and Persistence
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Notes: The left panel maps commuting zones in West Germany, colored by the average log daily
wage in 2010 estimated from the SIAB (darker shades indicate higher values). The right panel
shows a scatter of average log daily wages in 2010 (vertical axis) on average log daily wages
in 1990 (horizontal axis) with an OLS fit. Each point corresponds to one commuting zone. The
sample is restricted to full-time workers.

Figure 2.2. Fraction of Never-Movers
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Notes: The solid line plots the share of workers in the SIAB sample who have never left their
initial commuting zone, by age. The dashed line plots the share of workers who have either re-
mained in their initial commuting zone or moved only to an adjacent commuting zone.
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Figure 2.3. Rent vs. Wage-Level
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Notes: Binned Scatter of average log-wages (SIAB) against average rents per square meter
(INKAR) at the county level with 20 bins. The black line shows an OLS fit from regressing aver-
age log wages on average rents per square meter.

wage regions, leading to high worker mobility? A first candidate answer is that lo-
cal living costs completely nullify the wage gains. Indeed, Figure 2.3 shows that a
large correlation between the local wage and the local rent level exists. The natural
question then becomes whether working in a high-wage/high-rent area even pays
off.

To get to the bottom of this, I turn my attention to wage profiles earned over the
lifecycle. First, I divide counties into terciles using the 2010 INKAR rent index. Then,
I divide workers into three groups by the rent tercile that their very first workplace
falls into. I then track these workers over their careers and calculate average log
wages of full-time2 workers at each age, using the BBSR CPI to adjust for regional
price differences. The left panel of Figure 2.4 shows the result for workers born
between 1960 and 1964. The right panel shows the same log-wage profiles with
the national average log-wage subtracted at each age. This visualizes the log-wage
difference between the three rent-terciles at each age. For example, at age 25, the
blue line showing the demeaned profile of the lowest tercile is at 0.03 and the green
line showing the highest tercile is at -0.03, indicating that workers who started
in the lowest tercile earn about 6% higher real wages on average. Results for the
remaining birth years are similar and shown in Appendix 2.B.

Figure 2.4 reveals two key facts. Firstly, after price differences have been ac-
counted for, young workers do not earn higher average real wages in the high-
rent/high-wage areas than their counterparts in the low-rent/low-wage areas. As
discussed, in fact, at age 25, real wages are about 6% higher in the cheapest bin
than in the most expensive bin. Secondly, looking only at the average wage level
of different areas hides the fact that over the lifecycle, the difference between re-

2. Since the SIAB reports whether a worker works part-time but not the number of hours this
refers to, I elect to exclude part-time wages from the results presented in Figures 2.4.
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Figure 2.4. Log Wage Lifecycle Profiles
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Notes: The left panel shows average log wages by age for workers in full-time employment who
began their careers in counties belonging to the first, second, and third rent tercile, respectively.
Rents are measured using INKAR data from 2010. The green line corresponds to the highest, the
blue line to the bottom, and the orange line to the middle rent tercile. Wages are regionally CPI-
adjusted using the BBSR CPI. The right panel shows the same wage profiles after subtracting the
overall mean at each age. The sample includes workers born between 1960 and 1964.

gions is not in the wage level but in wage growth. While real wages are higher in
the cheap bin for workers under 30, wages in the expensive regions grow faster. At
55, the wage gap between the most and least expensive bins has grown to more
than 10% on average. In particular, integrating the differences up over the whole
career, it is clear that being in the high-wage/high-rent area does pay off. The late
career real wage growth outweighs the lower real wage entry level in terms of real
earnings. However, it is also clear that young workers in high-wage areas will tend
to be poorer because of high prices. From the point of view of a young worker, a
career in a high-wage/high-rent area can be viewed as a long-term investment.

The patterns presented in Figure 2.4 are striking. In principle, however, they
could be an artifact of worker selection — for instance, differences in productivity
types or education. I therefore estimate the following regression:

logw;; = Z Ha = j}i{z@® = k}Byq + o + 5;
k=1,3
a=26,...,55

* Yeduc)j T Upt.time,ij T Neq) T €ij 2.1

w; is the wage of worker i at age j. z(7) is the rent bin that worker i started his career
in. a;, 6; and n,(; are worker, age and year fixed effects. Uy time,j 1S @ part-time
effect and yeqyc(); is an age by education level fixed effect. B;,; is the coefficient
of interest. It measures the effect of having started a career in rent bin z(i) on the
log-wage at age j. Note that age 25 and the workers who started their careers in the
middle rent tercile are excluded as the baseline.

Equation 2.1 controls for two key factors. Firstly, it controls for worker fixed
effects. If wage differences were to be explained by sorting of plain productivity
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Figure 2.5. Regression Results
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Notes: Regression coefficients B,z for age j = 26,...,55 and rent bins z = 1,3 from estimating
Equation 2.1. The green line corresponds to workers who started their careers in the highest rent
tercile, the blue line corresponds to workers who started their careers in the bottom tercile. Age
25 and the middle rent bin z = 2 are excluded as the baseline level. B;, measures the effect of
having started a career in rent bin z(i) on the log-wage at age j. Standard errors are clustered at
the worker level.

types, this fixed effect should explain the majority of wage differences. Secondly,
it controls for age-by-education fixed effects. If the pattern of differential was to be
explained by different education types who have selected into their education group
because of their ability to learn and who have faster wage growth precisely because
of this better learning ability, this effect should explain the growth differences.

Figure 2.5 reports the estimated coefficients of interest and standard errors. Nei-
ther of the discussed controls explains the difference in wage growth over the career.
The difference in wage effects between the top and the bottom rent bin amounts to
about 3% at age 26 and continues to grow steadily with age. The difference be-
tween the effects of having started the career in the highest vis-a-vis the lowest rent
bin on wages at 55 amounts to about 12% - an effect of similar magnitude com-
pared with the raw means presented in Figure 2.4. This suggests that instead of
sorting of plain types or of differently educated types who can learn faster, another
mechanism must be at play, producing the observed patterns.

Next, I turn my attention to the type of work performed in the different regions
- the workers’ occupations.

2.3.2 Regional Occupations

Occupations in Germany are spatially very concentrated. Figure 2.6 shows Lorenz
curves based on the share of all workers working in a given occupation in each com-
muting zone on the left. Each red line represents one of the 120 KIdB88 occupations
reported in the SIAB. The black line represents the hypothetical Lorenz curve for
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an occupation with equally many workers in each commuting zone. All the Lorenz
curves are strictly convex, indicating strong spatial concentration of occupations.
At the extreme, the bottom line (corresponding to nautical and aeronautical work-
ers) crosses the point (0.9,0.247), indicating that as many as 75.3% of all nauti-
cal/aeronautical workers work in only 10% of commuting zones. Other occupations
represented by lines at the very bottom include insurance professionals, chemists,
chemistry lab assistants, publicists, and data specialists. Occupations exhibiting the
least spatial concentration include carpenters, scaffolders, plastics-processing tech-
nicians, and bricklayers.3

Part of the extreme concentration displayed by the red Lorenz curves in the left
part of Figure 2.6 is driven by the different sizes of commuting zones. The right part
of Figure 2.6 shows Lorenz curves in blue that take this into account. Each commut-
ing zone is assigned a section on the x-axis that is proportional to the number of
workers contained in the STAB who work there. Then, commuting zones are sorted
by the number of workers per capita in a given occupation. The y-axis still shows
accumulated worker shares. The black line now represents the hypothetical Lorenz
curve for an occupation with equally many workers per capita in each commuting
zone. As expected, the resulting Lorenz curves are closer to the 45-degree line than
the uncorrected counterparts. However, all of them are still strictly convex, and oc-
cupations still exhibit a large degree of spatial concentration.

The main takeaway from Figure 2.6 is that workers in different regions are faced
with different occupation compositions. This naturally raises the question if these
regional occupation structures explain the regional differences in wage levels and
wage growth shown in the previous section. To investigate this, I revisit the log-
wage profiles shown in Figure 2.4 and conduct a simple counterfactual exercise that
eliminates any regional wage differences within-occupation. This isolates the role of
occupational composition. If the occupation composition were identical across rent
bins, the log-wage profiles should then coincide exactly.

I proceed as follows. As a first step, I calculate average log wages by occupa-
tion and age across all regions in West Germany. Each worker is then assigned this
national average wage according to their occupation and age, regardless of their
region. I then recompute the lifecycle wage profiles of the three regional rent bins
using these counterfactual wages.

Figure 2.7 compares the observed average log-wage profiles already presented
in Figure 2.4 to the resulting counterfactual log-wage profiles. The solid lines are
the empirical wage profiles already shown in Figure 2.4 and the dashed lines are the
counterfactual log wage profiles without intra-occupational wage dispersion. The

3. As demonstrated by e.g Dauth, Fuchs, and Otto (2018), industries are regionally concen-
trated too. Since industries and occupations are closely connected and the model I propose in Section
2.4 does not explicitly differentiate between the two notions, and the SIAB is better suited to speak
to occupations, I restrict my analysis to occupations.
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Figure 2.6. Occupation Lorenz Curves
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Notes: Lorenz curves based on shares of all workers working in an occupation who work in each
of the BBSR commuting zones. On the left, the commuting zones on the x-axis are sorted from
the lowest employment share to the highest employment share separately for each occupation.
Each red line represents one of the 120 KIdB88 occupations reported in the SIAB. The black solid
line represents the 45-degree line, i.e., the Lorenz curve for an occupation that has equally many
workers in each commuting zone. On the right, commuting zones on the x-axis are sorted by
employment per capita estimated from the SIAB. Each commuting zone is assigned a segment
on the x-axis that is proportional to its size in the SIAB. The black solid line represents the 45-
degree line, i.e., the Lorenz curve for an occupation that has equally many workers per capita in
each commuting zone. The sample is restricted to the year 2000.

Figure 2.7. Observed vs. Counterfactual Log Wage Profiles
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Notes: The solid lines show the average log wage profiles for workers in full-time employment
who began their careers in counties belonging to the first, second, and third rent tercile, respec-
tively. The dashed lines show counterfactual log wage profiles that results from assigning ev-
ery worker the national average wage, conditional on occupation and age. The green line corre-
sponds to the highest, the blue line to the bottom, and the orange line to the middle rent tercile.
Wages are regionally CPl-adjusted to the level of Bonn using the BBSR CPI. The right panel shows
the same wage profiles after subtracting the overall mean at each age. Rents are measured using
INKAR data from 2010. The sample includes workers born between 1960 and 1964.
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left panel shows average log-wage profiles, while the right panel displays the same
profiles after subtracting the national mean at each age. The counterfactual profiles
almost exactly replicate the empirical ones. In particular, they closely replicate the
differences in wage growth as demonstrated by the right panel.

As discussed, if the occupation composition in the three rent bins were the same,
all the log wage profiles would be the same too. In the right panel, this would
mean that all three dashed lines should be exactly at 0 at every age. Any differ-
ence from 0 must come from the occupation composition behind the three dashed
lines. The near-perfect match between empirical and counterfactual profiles implies
that the wage differences between workers in the three rent bins can be almost
fully attributed to differences in occupational composition, rather than to within-
occupation regional wage differentials.

To complement the findings presented in Figure 2.7 with a simple quantita-
tive measure, I next report how much of the between-county variation in wages
can be statistically explained by differences in occupational composition. Specifi-
cally, I estimate two straightforward regressions—one for wage levels and one for
wage growth—to summarize the explanatory power of regional occupation shares
in terms of R? values.

I first regress average county log wages on the county’s occupational employ-
ment shares:

logwe = Y Busew + € 2.2)
WEN
where s.,, denotes the employment share of occupation w in county ¢ and {2 is the
set of 28 two-digit occupations.*

Panel A of Table 2.1 shows that occupation shares explain more than 60% of the
between-county variation in wage levels, reaching 80% in the 2000-2010 decade.
Thus, most cross-regional wage variation can be attributed to differences in occupa-
tional composition.

In Section 2.3.1, I showed, however, that over the lifecycle, the main difference
between high- and low-wage regions is not in the entry level, but in wage growth.>
To examine whether occupational composition also predicts regional wage growth, I
estimate a second regression where the dependent variable is the average log-wage

4. Twork at the county X 2-digit occupation level (rather than BBSR commuting zones X 120
SIAB occupations) to avoid an overparameterized regression. There are 28 2-digit occupations and
269 counties as opposed to 120 occupations and 151 commuting zones. The occupation classification
in my SIAB version does not allow differentiation between 2-digit occupations on 3 occasions, leaving
only 28 2-digit occupations instead of the full 31 given by the standard KldB classification.

5. All wage levels are adjusted to the price level of 1995 using the CPI from the Macro History
Database (Jorda, Schularick, and Taylor, 2017).
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Table 2.1. R? for Occupation-share Regressions.

Panel A: Wage level by decade Panel B: Wage growth by cohort
Years R? Cohort R?
1980-1990 0.632 1950-1954 0.444
1990-2000 0.708 1955-1959 0.467
2000-2010 0.809 1960-1964 0.543

Notes: Panel A reports R*>-values from estimating Equation 2.2. The outcome variable is the county-level
average log wage. Panel B reports R?-values from estimating Equation 2.3. The outcome variable is the
difference between the average log wage at 50 and at 25. Wages and occupation shares are measured at
the county and 2-digit occupation level.

difference between ages 50 and 25:

IOH/?O - IOFVCZS = Z YwScw T Ue (2.3)
wen

I estimate Equation 2.3 separately by cohort. The occupation shares §.,, are esti-
mated early in each cohort’s career - to be precise, 1975-1980 for the 1950-1954
cohort, 1980-1985 for the 1955-1959 cohort, and 1985-1990 for the 1960-1964 co-
hort. The resulting R? values are reported in Panel B of Table 2.1. Across all three
cohorts, the R? values are close to 50% of variation explained. This result is par-
ticularly striking because wage growth is measured over 25 years, and occupation
shares are measured only around the time at which workers begin their careers.
Even so, a sizeable part of wage growth variation can be explained by the occupa-
tion composition young workers face in a given county.

2.4 Model

2.4.1 Model Motivation

In Section 2.3, I document two key facts. First, using the strong correlation between
rent and wage levels, I show that the difference between regions with high wages
and high rents and regions with low wages and low rents is not merely a difference
in wage levels, but one in wage growth. This is consistent with workers in the high-
wage areas accumulating human capital more quickly. Second, the regional occupa-
tion composition explains large parts of wage levels and growth, and the different
observed wage profiles are wage profiles of workers in different occupations.

In this section, I lay out a general-equilibrium model that reflects these obser-
vations and makes use of them to endogenously explain the low levels of worker
mobility. The model features two regions with regional labor and rent markets. Re-
gional occupation structure is represented in two ways.
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First, in the model, workers accumulate two different skills through experience.
Production in each region emphasizes one of the skills, making the accumulation
of this skill more likely and more productive. As a result, on average, the human
capital of a worker will be more useful in the region in which it was accumulated,
making moving less and less attractive as careers progress. This is in line with the
literature that documents the accumulation of occupation-specific human capital.
Second, I assume that each regional labor market produces a separate intermediate
good, reflecting specialization arising from regional occupational structure. These
intermediate goods are then aggregated into a final consumption good.

Using the calibrated model, I then proceed to quantify different mechanisms
that lead to low mobility. I then conduct a policy exercise in which additional hous-
ing is constructed in the region with better career opportunities.

2.4.2 Model Assumptions

Regions and Production The production function is set up as in the canonical
model for production with different skills in Acemoglu and Autor (2011), adding
spatial segregation. There are two locations called A and B. In each region, there
is a regional representative firm that produces a tradable intermediate good using
labor as input. The production function of such a regional firm is

F,(L,) = L,

where z denotes the region and L, is the total amount of effective labor supplied to
the firm in region z.

The two intermediate goods produced in each region are aggregated to a final
consumption good by a national aggregation firm with technology

Y = (FA(LA)GU;I +FB(LB)GU;1)%

where o is the elasticity of substitution between the two intermediate goods. Labor
markets are spatially segmented and competitive. The wage for one unit of labor
supplied in region A and the wage for one unit of labor supply wy are given by

1 1

=151 =151
Y L o Y L o
w,= 2L 1+(_B) Wy = 2L = 1+(_A) ,
AL, Ly OLg Lg

and the wage in Region B takes on the same form. Note that the wage in both
regions depends on the ratio of labor supplied in both regions. This is a key con-
sequence of the two regions producing separate intermediate goods. Since both of
these goods are needed to produce the final consumption good, wages are not only
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a function of local labor supply®, but instead depend on labor supply in the other
region too. As a result, worker re-location from one region to the other will - all else
equal - raise wages in the region that workers leave and decrease them in the other
region.

Each region is endowed with an exogenous stock of housing, denoted by 7),, that
is owned by absentee landlords and rented out in spot markets at the endogenous
rent price p,.

Workers - Basic Assumptions Workers are born and draw their birthplace z, and
an initial endowment of wealth e,. The worker is born in region A with probability
D4, and the distribution of initial wealth is denoted by F,. Time is discrete and at
annual frequency. Workers work for 40 years and live for 60, spending the last 20
years in retirement. Age is denoted by index j.

Each period before retirement, workers can decide whether to move to the other
region at the end of the period. If they decide to move, they pay a resource moving
cost k and incur a utility moving cost k(j), where the latter is increasing with age
towards the end of the lifecycle. k(j) captures the emotional and social cost of re-
location—Ileaving behind familiar surroundings, friends, and family. The cost rises
late in the life cycle as workers become more settled and socially embedded in their
region. Each period before retirement, workers draw an iid taste shock for each
region {,; from an Extreme Value Type 1 distribution.

Workers can invest in an asset a at an exogenous rate R that is determined in
international financial markets.

Workers - Labor Supply Workers work full-time for the local firm in the region
where they live. The number of units of effective labor they supply to the local firm
is a function of idiosyncratic productivity 1); and two skill levels - hy; and hy;. Id-
iosyncratic productivity v); follows an AR(1) process in log-space:

logy; = pylogyi_ 1 +¢, & ~ N(0,04)

Both skill levels can take N discrete values on the grid ¢ = {h;,...,hy} with h; <
..., < hy. Given productivity and skill levels, the effective units of labor supplied
inelastically by each worker are determined by region-specific functions:

Calhg by, ) = h% -~ -
Co(ha, by, p) = hE® - h% -

6. Note that earnings only depending on local TFP and labor supply is the most prevalent as-
sumption in the spatial labor literature - see e.g. Bilal (2023), Hsieh and Moretti (2019), Diaz, Janez,
and Wellschmied (2023).
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A worker’s labor earnings, given skill levels and productivity, are again region-
specific and given by

WA(haJhb:w) = eA(ha’hb:'lp) 'WA
WB(haﬂhb)w) = EB(ha,hb’ T/)) : WB

In each region, one of the two skills is more productive at producing the local
output good. I assume that h, is the dominant skill in region A and that h, is the
dominant skill in region B Formally, this means that a, > % and that ag < %

All workers at age j =1 start their careers with skill-levels h, =1 and h;, = 1.
Through experience, workers stochastically move up the skill grid. Every year that
workers work, there is a probability of the skill index of either or both skills moving
to the next grid point if they have not yet reached the hy. Fori—1,...,N—1 this
probability takes the form

— Sl _
P(h; = hiy1 | hy = hy,2,)) = {aA.paﬁa E T 2,

— . si71 —
ag-Pq0q , 2=

5

— -1
(1—aA)-pb-51b ,

A,
A—ap) Py~ 5, B.

Z
P4

P(h; = hi+1 | ha = hi’z:j) = {

The interpretation is straightforward. First, the probability exponentially decays
with age j. This means that the older workers become, the slower they learn and
the lower the probability of making the next step. Second, the exponential decay is
different for the two skills. This means that one of the skills can be learned more
quickly, or alternatively, that the probability of a meaningful skill increase is higher
simply because there is more to learn. Third, the probability is region-specific in
that it is scaled by the Cobb-Douglas exponent from the labor supply function. This
means that each skill can be learned more quickly in the region where it is domi-
nant, capturing that skills are learned faster if they are used more through learning
by doing, and if there are more people who have this skill, from which it is possi-
ble to learn. The Cobb-Douglas exponent captures both - how important the skill is
for making the local good - and the exposure to experience, which scales the skill-
inherent progress probabilities.

Workers - Value Functions Workers draw utility from consumption of the con-
sumption good ¢ and housing units 1. The flow utility function is Stone-Geary and

given by
_ (Y (2 YT
ui(e,m) = =2\ : 3, gl :

A couple of points warrant discussion. First, there is a subsistence level of housing

consumption 1), capturing that a worker cannot survive without a minimum amount
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of shelter. Another realistic effect of this assumption is that poorer workers spend a
greater share of their expenditure on housing. After covering expenses for 77, work-
ers spend constant shares y and 1 — vy on consumption and housing, respectively.

Second, there are household size weights {vj}].T:O. Using the SOEP, I estimate the
share of household income in families with one adult male in the cohorts I based my
empirical results on to be about 80% (See Appendix 2.E.1 for details). I therefore
assume that the labor income earned by any one worker is, in fact, the household
income of this worker’s household. Consequently, the age-dependent scaling param-
eter v; captures the size of a worker’s household over the lifecycle and the fact that
the larger a household, the larger the marginal utility of consumption and housing
is. Finally, A is the intertemporal elasticity of substitution.

Each working-age individual solves a dynamic location and consump-
tion-savings problem. At every age j, a worker with current state (z, h,,hy,a,))
decides (i) whether to remain in the current region or move to the other region,
and (ii) how much to consume, save, and rent housing for that period. The value
function of a working-age worker is therefore

V(,2, hg, hy,a,) = erer}i);}{vzf(i,z,ha,hb,a,lp) — 1z # ZYk() v + (s} 24
where 2’ denotes the chosen region for the next period, V,(-) is the conditional value
function given that choice, k(j) v; is the age- and household-size-specific utility cost
of moving, and ¢, is a region-specific idiosyncratic preference shock drawn from
an Extreme Value Type I distribution. This structure yields a standard logit decision
rule for regional mobility.

Conditional on choosing region %', the worker optimizes over consumption c,
next-period assets a’, and housing 7):

V,(G,2,hy, hy,a, ) = max{uj(c, n) + BE; [VG+1,7, h,hy,d, YH 1}
a,cm

sit. Uz # dxvy+pn+c+ad = wi(w@),hye, )1 —1) +Ra
a >0

The term x v; represents the resource cost of moving, paid only when the worker re-
locates (z' # z), and scaled by household size v;. Both moving costs are multiplied
by v; to reflect that larger households face higher financial and utility costs when
moving. Expectations are taken over next-period skill levels, idiosyncratic produc-
tivity, and regional taste-shocks, conditional on all information available at age j.
Workers pay a linear tax T on labor income.

At the beginning of the lifecycle, there is an initial period j = 0. Workers are
born with an initial productivity draw ), wealth endowment e;, and birthplace z.
Before entering the first working period (j = 1), they decide in which region to start
their career. This decision is subject to the usual idiosyncratic taste shocks {4 and



68 | 2 Regional Occupations, Local Rents and Worker Mobility

{, and takes into account moving costs relative to their birthplace. The value of a
newborn worker is
V(0,20,e0,Y0) = /Igl{EAD](g} {V3 (20, €0,90) — I{zo # Z}k(0)vo + Ly},  (2.5)
2'e{A,

where 2’ denotes the region chosen for the start of working life. The conditional
value function Vg, (+) is the continuation value from entering region 2’ at age j = 1:

V,?, (20,€0,Y0) = Hifjlx {/5 Eo [V(L Z, ha,l: hb,l: a, 1/)1)]}

st. 1{zg # Z}xvyg+d =ey, d = 0.

Workers do not make consumption or housing choices in this initial period be-
cause it is assumed that they still live with their parents and that this choice is made
for them.

After the working phase, workers retire in their last workplace and can no longer
move. They receive unemployment benefits b; = s;, - w;4, Where w;y, is the total la-
bor income, worker i earned in the last working-age period and s, € (0,1)7. The
value function of a retired worker for j < 60 is

V™ (,z,b,a) = max {uj(c, n) + BV™G + 1,2,b,a)} (2.6)
c,n,a’>0

st. ¢ =Ra+b—d —p,n
ad =0

In the final period, workers consume all their wealth, i.e., the value function in the
final period of a worker’s life is

Vfinal (z,b,a) = rrC]%X {u60 (c, ')’))} 2.7)

st. ¢ =Ra+b—p,m.

7. This means that b is a direct function of the skill levels, productivity, and location in the last
period. As such, the value function of the retired worker could be expressed as a function of the same
arguments as a working phase value function. To save notation, (h,,h;,) are condensed into the
state b, however.
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Equilibrium Individual state variables consist of age j, location 2, skill levels h,
and hy, productivity ¢ and assets a. The individual state vector is denoted by
x:= (j,2,hg, hy,,a) € X where X is the state space. Let A= {xeX|z=A} and
B = {x € X| z=B}. Let u, denote the cumulative distribution of states contained
in A and ug denote the cumulative distribution of states contained in B. A competi-
tive steady state equilibrium is a collection of value functions {V (x), V°(x), V'*'(x)}8,
worker decision rules {z'(x),c(x),n(x),a’(x)}, equilibrium rent prices p,,pp and
unit wages w,, wg such that

(1) Given rent prices ps,pg and unit wages w,,wg, the decision rules
{Z (), c(x),n(x),a’(x)} solve the workers’ decisions by solving the re-
cursive maximization problems (2.4)-(2.7) with the value functions
{V(0), V00, Ve ()}

(2) Given the household decisions {z'(x),c(x), n(x),a’(x)}

LA = f EA(ha,hb, w)dMA(a)
A

Lg

f eB (ha’ hb: w)d.U’B (b)
B

and the unit wages w,, wyz maximize the final consumption good firm’s profits
. La
iven 2.

g Is

(3) Rent Markets clear, i.e.
J n(@duy(@) = Ny
A

f n®)dug®) = 7np.
B

The equilibrium is solved for using numerical methods. See Appendix 2.D for
details.

2.4.3 Model Calibration

I calibrate the model to the cohort born between 1960 and 1964. All prices and
wages are expressed in 1995 values. Regional price differences are captured en-
dogenously through the model’s rent prices and the implied regional CPIL These
differences are left untargeted; their fit is discussed in Section 2.4.4.

Since the model has only two regions, I define the data analogue regions as fol-
lows: I define all counties contained in the lower two rent bins (rent tercile 1 and

8. Note that I use V™' (j, 2,b,a) = V™' (j, 2, hy, hy, VP, a) = V' (x) where h,, h, and 1 refer to the
skill levels and productivity in the last working age period of a worker.
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2 over counties) from Section 2.3 to be region A and the highest rent bin (tercile
3) to be region B. With this definition, about 56% of observations of the cohort in
question in the SIAB are from Region A and the remaining 44% are from B. I inter-
pret model age j =1,...,40 to represent real-world age 20, ...,59. In the following,
I explain the calibration of parameters.

To translate real-world to model prices, I use the average full-time wage in the
SIAB and the average wage in the model.

Utility Parameters The intertemporal elasticity of substitution A is set to the stan-
dard value 2 found, e.g., in Kaplan and Schulhofer-Wohl (2017b). The elasticity of
substitution between consumption and housing y targets 22% of expenditure share
for housing by renters reported by Schlattmann (2024), taking into account the
subsistence level of housing 7. 7 itself is set to the model equivalent of 9m? since
this is the minimum legal per_sorTal living space in most German states.

The discount factor f3 is set to 0.98.

Finally, the household size weights {vj}ffo are estimated using the modified
OECD equivalence scale and SOEP data. I fit a cubic polynomial to the household
sizes of 25-70 year old male workers, who are the only adult male in their household
born between 1940 and 1964. Before 25 and after 70, I impose that the resulting
weight is the same as the nearest fitted value, since there are only relatively few ob-
servations of very young and very old households. The estimated values are shown
in Figure 2.E.2 in Appendix 2.E.

Production Parameters A key parameter is the elasticity of substitution between
the intermediate goods produced in each region, as it determines how strong gen-
eral equilibrium effects of labor relocation will act on local wage levels. Since the
production function of the aggregation firm can be interpreted as a representation of
trade of sectoral intermediate goods between regions, I choose o = 4 in line with
the interval of values estimated by the trade literature for Armington elasticities
(e.g., Feenstra et al., 2018; Bajzik et al., 2020).

Region Parameters Regional housing supply is estimated using data from the
regional branch of the German Federal Statistics Office. These data report the to-
tal square meters of residential buildings at the county level. The total number of
square meters in the analogues of regions A and B, denoted by T)jata and ﬁgata, is

obtained by summation across counties. Model housing supplies are then given by
= —d = —d
Ny = N30, Ny = 05" 9,

where ¢ converts total square meters into efficiency units of housing. It is chosen
such that the model matches the average rent price per square meter in West Ger-
many in 1995 of €5.22, according to the statistical yearbooks from Destatis.

The probability of being born in region A, denoted by P(A), is estimated at 55%
using county-level birth data from Regionalstatistik.
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Endowment Distribution I use wealth data from the SOEP for individuals under
20 to estimate the initial wealth distribution F,. Since 59% of under-20-year-olds
report zero wealth, I assume that workers draw an initial endowment of 0 with
probability 0.59, and with probability 0.41 draw a positive endowment from a log-
normal distribution:

logey | g > 0 ~ A (U, T,).
The parameters u, and o, are estimated by maximum likelihood.

Idiosyncratic Productivity The continuous AR(1) process for idiosyncratic produc-
tivity is approximated by using Rouwenhorst discretization with five points. The
auto-regressive coefficient p,; is estimated from the SIAB by estimating

. .2
logwyj = ) + Yeduy T Owe + 6 B + ;P2 +iB3 +J By + uy

where z denotes the sample analogue region of A and B, a,; is a region fixed ef-
fect, &, is an occupation fixed-effect, tl?l‘? and tlzJ are occupational and regional
tenure, and y.q,(;) iS an education effect. The occupation and region effects proxy
the regional wage levels w, and wg. The tenure variables, as well as the age pro-
file, capture the part of the wage that the model explains through human capital
accumulation of the two skills.

Next, I estimate p,, as the persistence parameter of the residual component by
fitting

ul'j = pw uij_l + Sij,

where {; denotes the empirical residuals from the first-stage regression. The vari-
ance of the innovation ofp is then chosen such that the variance of log wages in the
model matches the variance of the empirical log wages.

Moving Costs There are two types of moving costs: the resource cost k¥ and the
utility cost k(j). The resource cost k is fixed at the model equivalent of €5,000. This
value is intended to represent the total out-of-pocket expenses associated with a
long-distance move within Germany, including transportation, deposits, and partial
furnishing.®

The functional form of k(j) is chosen to be approximately constant for most of
a worker’s career and to rise only toward the end of working life, starting around
j =26 (age 45 in the data). This captures that older workers become increasingly
reluctant to move as they approach retirement—for example, because they have
stronger social and family ties or are more attached to their local environment.

9. Publicly available estimates for long-distance moves (e.g., between major cities such as Duis-
burg and Munich) suggest direct costs of about €2,000-2,500 for small flats, excluding deposits and
new furniture (Check24, price comparison platform).
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Formally, I specify
k(j) = k- scale(j),

where scale(j) is a smooth S-shaped function that remains near one until about age
45 and then increases. The level parameter k is calibrated internally. Details on the
exact functional form of scale(j) and the calibrated age profile of k(j) are provided
in Appendix 2.E.3.

Human Capital The human capital grid is defined as # = {h;,...,h;o} with N =
10 grid points. To anchor its range, I use the empirical 10th and 90th percentiles of
log wages in the SIAB, denoted by d; and d;,. The first point in S is normalized
to one, h; = 1. The highest grid point h,, is pinned down by the empirical 90-10
wage ratio, i.e.

ho _ dio

hy  di
The remaining points are spaced equidistantly in log space between h; and h;.

Retirement Benefits / Taxes I choose the replacement rate s; such that, on aver-
age, workers receive 40% of the average wage they earned as a retirement benefit b.
The linear labor income tax 7 is adjusted to exactly balance the government budget,
i.e., such that the sum over all retirement benefits equals the sum of all collected
taxes.

Internal Calibration The above-described procedure leaves 8 parameters that
need to be calibrated internally: The skill accumulation probability decay parame-
ters p,, Py, 0, and Oy, the labor skill substitution parameters a, and ag, the baseline
utility moving cost k, and the scale of the taste shock o,. These parameters are cho-
sen to match the life cycle wage profiles of both workers who start their career in
A and workers who start their career in B, and the fractions of workers who have
never left their first region, again both for workers from A and B, all simultaneously.
Table 2.2 gives an overview of all calibrated parameters.
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Table 2.2. Model Parameters

Parameter Description Value Source/Target
Set
o Armington elast. 4 Trade Lit.
A IES 2 standard value
B Discount factor 0.98 standard value
R Interest Rate 1.03 standard value
n Subsistence housing model eq. of 9 m? German Regulation
K Moving cost €5,000 Set

Directly Estimated

V12 HH weights cf. Figure 2.E.2 SOEP
P(A) Birth prob. 0.55 Destatis
Pe Wealth mass 0.41 SOEP
(e, 0,) Wealth shape (log0.136, 1.544) SOEP
Mar s Housing supply (4.482 - 108,2.940 - 10%)  Destatis
Py AR(1) coeff. 0.77 SIAB
# =1hy,..., h}  Skill Grid {1,...,5.687} SIAB

Internal
Y cons.-hs. elast. 0.820 22% hs. exp. share
a, Shock var. 0.38 Var(log w)
Par Pb skill acc. prob. (0.75,0.83) LC wages/stayer-share
64,61 skill acc. prob. decay (0.482,0.672) LC wages/stayer-share
ay, dg Skill subst. (0.783,0.262) LC wages/stayer-share
R Utility moving cost 0.180 LC wages/stayer-share
O¢ Taste scale 0.2 LC wages/stayer-share
¢ Housing efficiency 1.335 Avg. rent price p.sg.m
Sp Replacement rate of b 0.339 40% of avg. wage

T Tax rate 0.2025 Balanced budget
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2.4.4 Model Fit

The left panel of Figure 2.8 shows average log-wage profiles of workers who begin
their careers in region A and region B in the model, compared to the same profiles
calculated from the SIAB. Both shape and career wage growth in the model fit the
data extremely well. Note that neither the model nor the empirical profiles have
been adjusted for the regional price level.

The right panel, by contrast, shows wage profiles that have been regionally CPI-
adjusted. For the empirical data, I use the regional BBSR CPI, as in Section 2.3.1.
For the simulated data, I construct an analogous model-internal regional CPI as

Paqy+1-q.

CPI(A) =
PB "y +1-q

, CPIBB) =1

where g, and q. are the average quantities of housing and consumption consumed
in the whole economy, across both regions. I use economy-wide averages since the
BBSR index also uses the overall German consumption basket, which is used by
Destatis. To better illustrate differences between the regions over the lifecycle, the
national average log wage is subtracted from each profile in Panel (b).

Note that only the unadjusted wages shown in Panel (a) are targeted directly.
The regional real-wage differences in Panel (b), which are implied by the model’s
endogenous rent and price structure, nonetheless align closely with their empirical
counterparts.

Figure 2.9 shows the fraction of workers who have never left their initial region,
by age and region of labor market entry. These empirical profiles are used as cali-

Figure 2.8. Model Fit: Wages

Place of first job s
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(a) Plain (b) Mean Subtracted, Regional CPI-adj.
Notes: The left panel shows average log-wage lifecycles of workers who started their career in
A vs B in the model vs the data. The right panel shows the same profiles but with the mean
subtracted at every age and adjusted using the regional CPI. For the empirical data, the BBSR CPI
is used, the model CPI is calculated using endogenous rent prices and the consumption good
as the numeraire. The solid lines represent simulated model outcomes. The dots represent SIAB
data estimates.
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Figure 2.9. Fraction of Never-Movers
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Notes: The solid lines plot the share of workers in the model simulation who have never left
their initial region, by their place of labor market entry. The dots plot the same shares in the
SIAB using the empirical analog of Regions A and B.

bration targets. The green line represents workers who entered the labor market in
region B, the blue line represents workers who entered in region A. The dots show
the same statistic in the SIAB using the empirical analog for A and B. The green
dots, for example, show the fraction of workers who started their career in a county
of the highest rent tercile and have never worked in a county in the lower two ter-
ciles. Even though workers move slightly too often in the first 5 years of their lives,
the model calibration generates a very realistic mobility level over the lifecycle. In
particular, the level difference between workers who began their careers in A vs B
is very close to the empirical difference.

Table 2.3 reports model outcome values of targets that are not already shown
in either Panel (a) of Figure 2.8 or Figure 2.9. All targets are met within reasonable

tolerance.

Table 2.3. Model Fit
Moment Model Target
Variance of log-wage 0.50 0.52
Housing expenditure share 22% 22%
Avg. per sq. m. rent €5.22 €5.22
b-replacement rate of avg. wage 41% 40%

Rent prices in the two regions are untargeted. Per-square-meter prices in the
model amount to €3.95 in region A and €6.66 in region B. To put these values into
perspective, Figure 2.10 compares them to the distribution of average county rent
prices faced by workers in the SIAB in 2010, as measured by the INKAR index. The
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Figure 2.10. Rent Price Fit

101 @ Model (A) _—
Model (B)

Rent Prices (Inkar)
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Notes: The boxplots show the distribution of average per-square-meter rents faced by workers
in 2010 in counties corresponding to the model’s regions A and B, based on the 2010 INKAR rent
index. The boxes represent the interquartile range (25th-75th percentile) of county-level aver-
age rents, and the whiskers indicate the full observed range. The orange lines mark the medians,
and the diamonds show the model’s rent levels, rescaled to 2010 using a national rent deflator
(FRED), solely for comparability of price levels.

model rents are reasonably close to the empirical medians and fall well within the
support of observed rents.

2.5 Worker Mobility in the Model

2.5.1 Explaining Low Worker Mobility

As demonstrated in Section 2.4.4, workers in region B experience substantially
stronger wage growth on average. Why, then, do workers not move toward oppor-
tunity more frequently? In this section, I quantify different channels that limit mo-
bility.

In the model, four forces limit workers’ mobility across regions. Most directly,
there are two types of moving costs: the resource cost and the utility cost. Both act
as direct frictions, discouraging relocation by reducing the net benefits of moving.
In addition, two further mechanisms become important depending on a worker’s
career stage.

First, there is the high rent price in region B. This holds back young workers
in particular. Young workers have neither accumulated assets nor human capital
and earn low wages. This means that they have less to spend on consumption and
therefore their housing consumption is relatively close to the subsistence level. As
a result, the marginal utility from the larger housing they can afford in region A is
particularly high, making moving to region B less attractive.

Second, there is human capital mismatch. This, by contrast, affects mostly older
workers. Older workers have, on average, accumulated human capital that is more
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valuable in the region they have spent the most time in. If they move to the other
region, their labor earnings drop because their skills are less productive at producing
the local output good. On top of that, the older workers, the lower the probabilities
of advancing the skill grids become. After a move, older workers are therefore not
only mismatched but additionally have lower probabilities of adjusting their skills
to the local labor market.

To quantify these effects, at different stages in life, I simulate the moving costs
in terms of money, taking all monetary and non-monetary considerations into ac-
count. I implement this by calculating how much money each worker in the model
would need to be compensated with, in order to choose to move to the other region,
abstracting from the iid extreme-value taste-shock.'® The importance of the differ-
ent channels can then be measured by simulating how the moving costs change if
this channel is shut down. To achieve this, both types of moving cost parameters
can be set to zero. Note that this includes moving costs for any future moves, given
a state. To eliminate the rent price channel, the rent price in region B is set to the
level of region A. The remaining residual after all three frictions are removed reflects
the contribution of human capital mismatch and the underlying differences in skill
accumulation probabilities between regions. Note that when shutting down any of
the cost channels, compensating differentials can become negative, meaning that
workers would require a payment to stay in their current region.

As a first step, I simulate moving costs for different age groups, presented in Ta-
ble 2.4. Overall, average moving costs are about €39, 000. However, for workers in
their 20s, moving costs are only just under €16,000 on average. After that, they in-
crease with age. For workers approaching retirement, the drastic increase in moving
costs can be explained by the exogenous rise in utility moving costs k(j). For work-
ers below 45, however, this happens endogenously, through the discussed channels.

I proceed by conducting the discussed decomposition. First, I turn my attention
to young workers. The left panel of Table 2.5 shows average moving costs by re-
gion for 20-year-old workers. Starting with young workers, the baseline in row (1)
shows that moving costs are around €8,000 in both regions. When the resource
cost K is set to zero (row 2), moving costs fall sharply, to about €2,000 in both
regions—confirming that out-of-pocket expenses are particularly burdensome for
young workers who have little wealth. Eliminating the utility cost k(j) (row 3) yields

10. In the presence of taste shock, it is impossible to pay workers high enough transfers to make
them move to the other region with certainty. Instead, I calculate the minimal payment necessary to
move workers to the other region with a probability greater than %, essentially calculating moving
costs in the absence of contemporary taste shocks.

Since it is infeasible to calculate these numbers exactly for each state without extreme use
of computational time, I approximate the number by selecting the smallest sufficient payment on an
exponentially spaced grid between €—37,500 and €1.5 million with 1,000 points. Workers take prices

as given, and no general equilibrium effects are taken into account.
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Table 2.4. Average Moving Costs by Age Group

Overall 20-29 30-39 40-49 50-59

Mean cost (€) 39,000 15,900 21,600 25,900 90,500

Notes: The table reports average simulated moving costs by age group, expressed in 1995 euros.
Moving costs measure the monetary compensation each worker in the model would require to
be indifferent between staying and moving to the other region, taking both monetary and non-
monetary factors into account. Calculations abstract from idiosyncratic taste shocks and hold
equilibrium prices fixed.

only a modest reduction in moving costs, suggesting that psychic or convenience
costs matter less early in life.

Setting rents in region B equal to those in A (row 4) has by far the strongest
effect. Without the regional rent difference, moving costs for workers from A drop
to €—13,000, on average, indicating that if it wasn’t for the high rents in region B,
young workers in A had a strong incentive to move. By contrast, workers from B
would then require about €14,600 in compensation to move to A—a much higher
amount than in the baseline. This highlights that high rents in region B are the key
factor deterring young workers in A from moving toward opportunity. At the same
time, these high rents make staying in B relatively unattractive for young workers
there, offsetting their better wage prospects and resulting in similar baseline moving
costs across regions.

When all moving costs and rent differences are eliminated (row 6), workers
from A have an even higher willingness to pay to move to B - almost €19,000 on
average. Workers from B, by contrast, still require a compensation of €4,500 because
moving away slows down their human capital accumulation until they can move
back.

In sum, high rent prices in region B are the dominant barrier preventing young
workers in A from moving toward better career opportunities. In contrast, workers
in B face little incentive to move, as lower rents elsewhere do not compensate for
the loss in wage growth potential.

Next, I turn my attention to older workers. The right panel of Table 2.5 shows
average moving costs by region for 45-year-old workers. Baseline moving costs are
much higher at 45 than at 20—about €24,000 in region A and €27,000 in region
B. When the resource cost k is removed (row 2), moving costs fall by roughly one
quarter, indicating that out-of-pocket expenses remain relevant but are no longer
the main driver. Eliminating the utility cost k(j) (row 3) reduces costs by a similar
magnitude.

Equalizing rents between regions (row 4) leads to a modest reduction in moving
costs for workers in A but a strong increase for workers in B. At age 45, workers
have already accumulated wealth and typically rent larger amounts of housing. As
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Table 2.5. Decomposition of Moving Costs by Region and Age (in €)

Age 20 Age 45

Region A Region B Region A Region B

(1) Baseline (all frictions) 8,400 8,100 24,400 27,400
(2) No resource cost 2,100 1,900 18,200 21,200
(3) No utility cost 6,700 6,600 15,400 16,500
(&) Equal rent prices (pg = p,) -13,000 14,600 20,300 32,700
(5) No resource or utility cost 500 400 9,200 10,300
(6) No resource or utility costs and p; = p,  -18,900 4,500 5,500 13,600

Notes: Entries show the average monetary compensation (in euros) required to make a worker move
from their current region to the other. Columns report averages for regions A and B at ages 20 and
45. Each counterfactual removes one or more frictions: (2) resource cost k, (3) utility cost k(j), (&) rent
price differential, (5) both costs simultaneously, and (6) all aforementioned frictions combined.

a result, the marginal utility from additional housing space is smaller than for young
workers, and higher rents in region B no longer constitute a major barrier to moving.

Setting both the resource and utility costs to zero (row 5) cuts moving costs by
about two-thirds relative to the baseline, yet a considerable residual remains. Even
when all frictions—including rent differences—are removed (row 6), moving costs
remain at roughly €5,500 in A and €13,600 in B. These residual costs capture the
effect of human capital mismatch: older workers have accumulated skills that are
region-specific, and moving implies a loss in productivity and slower future accumu-
lation in the new local labor market.

It is now clear why workers move so little over the lifecycle. Workers in region A
face a dilemma. While they are still young, they would, in principle, like to move to
region B to benefit from faster human capital accumulation. But with little wealth
and low entry-level wages, high rents make moving to B unattractive. Their only
option is to remain in A and save until, with higher wealth levels, they can more
easily afford the high rents.

Workers in region B, by contrast, have little incentive to move to region A in
search of career opportunities. They endure their early years with limited wealth
and high rents but are later compensated through faster wage growth and stronger
career progression.

In sum, mobility is not low in the model because moving is extremely costly,
but because relatively minor costs at the beginning of young workers’ careers lock
them into a path. High rents prevent young workers from moving when it would
be most beneficial. As they age, the accumulation of region-specific human capital
locks workers into their regions.
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Table 2.6. Average Log Wage Differences: Mincer Prediction vs. Model Counterfactual

Region A Region B

Mincer Prediction Model Counterfactual Mincer Prediction Model Counterfactual

Mean 0.104 -0.275 -0.229 -0.455
Median 0.113 -0.310 -0.233 -0.473

Notes: The table reports the mean and median log wage differences between simulated model wages and

predicted wages in the other region from the Mincer regression and from the structural model counterfac-
tual, separately by region. Positive values indicate that predicted wages exceed observed wages.

2.5.2 Potential Wages

The moving costs calculated in the previous section are quite low, compared to some
literature estimates. To illustrate why, I compare potential earnings in the other
region in the model with predictions a basic Mincer regression produces when fitted
to the model simulations. After all, Mincer regressions are a standard tool in the
literature to estimate potential earnings. Through the lens of the model, however,
a basic Mincer Regression struggles to produce accurate predictions for potential
earnings in the other region.
The most standard Mincer regression with a regional fixed effect takes the form
logwage; = 6 + 3;schooling; + fyexperience; + ﬂgexperienceizj + e,
where 6,; is the region fixed effect. In the model, schooling does not feature ex-
plicitly. However, workers enter the economy with different levels of persistent pro-
ductivity ;. I therefore use workers’ initial productivity to proxy education and let
it enter as a fixed effect. Experience is given by age. I therefore estimate

logwageij = a% + 5z(ij) + ﬂl ] + ﬂz 'j2 + el] (28)

Table 2.6 shows the mean and median difference between a worker’s current
log-wage and the log-wage predicted for this worker in the other region by the
fitted model given in Equation 2.8 for 45-year-old workers. For comparison, the
mean and median of the actual model counterfactual, given a worker’s state, are
included as well. The model counterfactual takes into account regional prices by
using the model-internal regional CPI discussed in Section 2.4.3 to adjust wages.

In the case of workers from region A, the Mincer Regression overestimates po-
tential earnings by a large margin. On average, the regression predicts a sizable
wage of over 10%, whereas the actual counterfactual implies a real wage of 0.275
log-points. This is because naively estimating Equation 2.8 fails to acknowledge that
general experience does not capture the level of the skill required in region B. Addi-
tionally, it does not take the high rents into account.
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Likewise, the regression model underestimates the wage loss of workers from
region B, because it fails to take the regional nature of human capital into account.!

An econometrician facing the simulated model data who assumes that experi-
ence can be fully utilized after a move to another region may estimate a model
similar to Equation 2.8 and conclude that there are large unrealized gains from
moving to region B. Such an interpretation would suggest that high moving costs
are necessary to explain why workers from region A remain in their home region.
Taking regional human capital and living costs into account, however, these large
incentives do not exist through the lens of the model, where regional human capital
and high living costs are the main drivers of low mobility. In this sense, the model’s
implications echo the findings of Kambourov and Manovskii (2009), who show that
human capital is highly occupation-specific. Acknowledging the regional concentra-
tion of occupations, therefore, becomes crucial in explaining low mobility.

2.6 Housing Supply Policy

In Section 2.5.1, I discussed two main findings. First, moving typically only makes
economic sense for young workers, since they have not yet accumulated much
region-specific human capital and therefore face little skill mismatch after a move.
Second, the main factor preventing young workers in region A from moving to re-
gion B is the high rent level. In light of the limited housing supply, older workers
who occupy large housing units do not internalize the effect of their housing con-
sumption on the ability of young workers to move to region B. This section presents
a policy experiment aimed specifically at mitigating this effect by expanding the
housing stock in region B. In particular, I let the government increase the housing
stock in region B through public investment.

According to data from the Federal Statistical Office (Destatis),!? constructing
one square meter of housing in 1995 cost €1,254, and a square meter of undevel-
oped building land cost €58.02. I therefore use the model equivalent of €1,312.02
as the price for building an additional efficiency unit of housing. The construction
project is assumed to be fully financed through government debt. Interest payments
at the exogenous model rate R are covered by adjustments to the labor income tax 7.
The government remains the owner of the newly constructed housing and receives
rental income from renting it out at the market rent price.

11. Note that this wage loss does not capture that a given level of wealth is worth more in real
terms in Region A than in Region B, mitigating any wage losses when moving to Region A.

12. Specifically, I take the building price from the Destatis report “Bauen und Wohnen, Bau-
genehmigungen, Baukosten” (Construction and Housing — Building Permits and Construction Costs)
and the land price from “Fachserie 17 / Reihe 5 Preise Kaufwerte fiir Bauland” (Series 17 / Series 5:
Prices — Purchase Prices for Building Land).
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Figure 2.11. Fraction of Never-Movers (Counterfactual)
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Notes: The solid lines plot the share of workers in the model simulation who have never left
their initial region, by their place of labor market entry after a 3% increase in the housing stock
in region B. Dashed lines show the same fractions in the baseline economy.

I study a construction project that increases the housing stock in region B by 3%.
The magnitude is motivated by large-scale real-world construction projects. For ex-
ample, an ongoing project in the city of Mannheim!2 is projected to provide housing
for about 10,000 people—a roughly 3% increase in the city’s population. This pol-
icy directly lowers the rent price in region B, which falls to €6.51 compared to €6.66
in the baseline economy. As a result, moving to region B becomes much more attrac-
tive, especially for young workers. Figure 2.11 shows the fraction of workers who
have never moved by origin region. The baseline economy is depicted by dashed
lines, and the post-policy economy by solid lines. Clearly, mobility out of region A in-
creases. Consequently, rents in region A adjust slightly downward as well —to €3.93
compared to €3.95 in the baseline—reflecting lower local housing demand.

In addition to the rent effects, the policy also influences wage levels. Since the
two regions produce separate intermediate goods, reallocating labor from region A
to region B raises the price of labor in region A and lowers it in region B. This wage
adjustment is amplified by the fact that more workers in region B now accumulate
human capital more rapidly. As a result, wages per efficiency unit rise by 0.18% in
region A and fall by 0.18% in region B.

The faster human capital accumulation of a larger number of workers in re-
gion B raises the overall effective labor supply in the economy, which increases by
about 0.05%. Aggregate output rises as well, but only modestly, since more labor is
now devoted to producing the intermediate good from region B, which exhibits di-

13. The project is frequently called the Franklin-Quartier project in the press coverage, as it is
located in the Franklin district of Mannheim.
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Table 2.7. CEV after Housing Construction

Decomposition  Veil of Ignorance  Conditionalon A Conditional on B

Full Policy 0.80% 0.76% 0.85%
Apy 0.07% 0.12% 0.03%
Aw, 0.15% 0.23% 0.04%
Apg 0.41% 0.17% 0.71%
Awg -0.12% -0.05% -0.22%
At 0.29% 0.29% 0.29%

Notes: Consumption equivalent variation (CEV) of newborn workers with respect to a counterfactual econ-
omy where the government increases the housing stock in region B by 3%. The decomposition in rows 2-6
isolates the contribution of each general-equilibrium price change by resetting one variable at a time to its
baseline level and recomputing the resulting CEV.

minishing returns in the final output production. Overall, output in the new steady
state is 0.03% higher than in the baseline.#

Next, I analyze how these changes translate into welfare effects. Table 2.7 re-
ports the consumption equivalent variation (CEV) of newborn workers relative to
the baseline. Behind the veil of ignorance, newborn workers experience a sizeable
welfare gain of 0.8%. Conditional on being born in region B, the welfare gain rises
slightly to 0.85%, as these workers directly benefit from the larger housing supply.
The CEV for workers born in region A, at 0.76%, is still substantial.

The decomposition in Table 2.7 reveals that the rent reduction in region B is
the dominant welfare channel. Its effect is particularly strong for workers born in B,
amounting to 0.41% CEV. This benefit is partially offset by the negative wage ef-
fect in region B of about -0.12%. For workers from region A, the changes in local
rents and wages both have positive effects (0.12% and 0.23%, respectively). Impor-
tantly, however, the lower rent in region B contributes even more—around 0.7%
CEV—reflecting the welfare gain from being able to move more easily to the high-
opportunity region.

Additionally, the construction project is fiscally profitable. Government rental
income from the new housing exceeds the interest payments on the construction
debt, resulting in a further welfare gain of 0.29% CEV through lower taxes.

Finally, Table 2.8 presents welfare effects by endowment tercile. The gains are
largest for workers in the lowest tercile, particularly those born in region B. Since
poorer households spend a larger share of their income on housing, they benefit dis-
proportionately from lower rents. Although the policy raises welfare for all groups,
it is most beneficial to poorer workers.

For comparison, I also consider an alternative policy aimed at reducing housing
demand rather than expanding supply. Specifically, I examine a downsizing incen-

14. GDP is measured as total output Y, excluding construction activity.
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Table 2.8. CEV by Endowment

Endowment Tercile  Veil of Ignorance  Conditional on A Conditional on B

1 0.80% 0.79% 0.77%
2 0.76% 0.75% 0.75%
3 0.85% 0.84% 0.79%

Notes: Consumption equivalent variation of newborn workers by endowment tercile with respect to a coun-
terfactual economy where the government increases the housing stock in region B by 3%.

tive similar to programs discussed in the public debate, where retired households
receive transfers if they move to smaller dwellings. In the model, however, this pol-
icy proves largely ineffective. It induces only marginal reductions in housing con-
sumption among retirees, with negligible effects on rents, wages, or mobility. Con-
sequently, the welfare effect is slightly negative, as the fiscal cost of the subsidy out-
weighs its benefits. The details of the experiment are described in Appendix 2.G.2.

2.7 Conclusion

In this study, I revisit the question of why workers are not more mobile despite large
regional wage differences. Using high-quality administrative data from Germany, I
document that regional wage differences manifest themselves not in higher entry-
level wages but in larger wage growth over the lifecycle. I show that occupations
are regionally concentrated and that large parts of the variation in local wage levels
and growth can be accounted for by regional occupation compositions.

Motivated by these findings, I propose a two-region general equilibrium model
with local labor and rent markets. In the model, different occupation compositions
are represented by different skills that are differentially productive in the two re-
gions and are learned stochastically through experience, as well as different inter-
mediate output goods being made in each region. In one of the regions, workers
specialize in a skill that can be learned faster, and experience greater wage growth
over their careers. Workers can move between the regions every year, draw utility
from consumption and housing, and are subject to a borrowing constraint. I cali-
brate the model to the data, and I find that for young workers, the high rent prices
in the high-wage region are a major reason not to move there. Older workers have,
on average, accumulated human capital that is more productive in their current re-
gion and have no incentives to move. I find that average moving costs, measured by
the amount of compensation needed to move workers, are only about €39,000.

I conduct a policy experiment in which the government pays for the construction
of 10% more housing in the high-wage region. I find that this policy leads to more
mobility into the high-wage region. In particular, it is welfare-improving for workers
from both regions. Workers in the high-wage region value the decreasing rent prices.
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Workers from the low-wage region experience wage increases and moderate rent
decreases. On top of that, they benefit from increased possibilities to move to the
high-wage region for a better career. A similar policy, incentivizing retired workers
to downsize their housing consumption, fails to increase welfare.

For future research, there are several ways forward. For once, extending the
model to include home-owners is interesting, since home-owners are even more re-
luctant to move and, in particular, dislike falling house prices that could be induced
after construction projects. Another interesting idea could be opening the model
economy to international trade. This could alter general equilibrium effects because
of labor re-allocation, since international demand for one of the intermediate output
goods might be greater. Finally, introducing a notion of differential talent to speak
to early life skill mismatch could be interesting to introduce even stronger inequal-
ity of opportunity. It could also lead to larger GDP responses after mobility-inducing
policies. I view this as fruitful ground for future research.
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2. Appendix
2.A Data

2.A.1 Wage Imputation

This appendix describes the procedure used to impute wages that are top-coded
at the social security contribution ceiling. I follow Bohm, Gaudecker, and Schran
(2024), in turn following Dustmann, Ludsteck, and Schénberg (2009), and imple-
ment a Tobit model for (log) daily wages with right-censoring separately for each
year. Let yf = x!B + ¢; denote the latent log wage with & ~ (0, 0?), where g in-
dexes an education x age-group cell and a three-level bin of the regional rent distri-
bution. Because I later split the sample by the same three rent bins, I perform the im-
putation separately for these bins. This ensures that the upper-tail fit is not distorted
by systematic regional cost differences that correlate with the censoring threshold
and wage structure. Importantly, however, my results are almost unchanged if I in-
stead pool regions and omit the rent-bin split at the imputation stage.

The observed outcome is y; = min{y},c;}, where c, is the time-t contribution
ceiling mapped to daily real wages. I estimate (f3, 0,) by maximum likelihood using
all observations, weighting each record by employment spell length. The covariate
vector x; includes age, the individual’s censoring rate, the average wage from other
years (to capture persistent individual effects), and education. Allowing the wage
variance to differ by education x age-group cell follows Dustmann, Ludsteck, and
Schonberg (2009) and improves fit for the upper tail.

I then replace censored observations with simulated draws from a truncated
normal distribution, using the Tobit prediction as the mean and the estimated Tobit
variance as the dispersion parameter.

2.A.2 INKAR Rent Data

The INKAR rent index is only published from 2010 onwards. To assert that it can
still be used to measure rent-terciles in earlier years, I turn to building land prices.

Figure 2.A.1 shows the correlation of rents as measured by the INKAR rent index
with average building land prices at the county level in a scatter plot. Building land
prices have been obtained from the Regional Statistics Database (Regionalstatistik),
a database published by the statistics offices of the German Federal States. The cor-
relation is 83%.

Local building land prices can be traced back much further than local rents.
At the county level, they are reported from 1995 onwards. Before that, they are
published for Germany’s major cities in the annual report of the Federal Statistics
Office (Destatis). Panel (a) of Figure 2.A.2 shows the auto-correlation of building
land prices at the county level between 1995 and 2010. Panel (b) shows the same
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correlation for the major cities reported in the report of 1980. In both cases, auto-
correlation is about 90%.

This provides reassurance that rents are equally persistent over time and the
grouping into terciles works. Additionally, I conduct robustness checks with alterna-
tive data based on a German rent subsidy scheme reported in Appendix 2.C.

Figure 2.A.1. Correlation of County Rents and Building Land Prices in 2010
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Notes: Scatter plot of average offered rent per m? (INKAR, 2010) against building land prices from
the Regional Statistics Database (Regionalstatistik), maintained jointly by the Federal Statistical
Office of Germany (Destatis) and the statistical offices of the federal states. Each point is a county.
The fitted line shows the OLS regression of log rent on log building land price.

Figure 2.A.2. Persistence of Building Land Prices Over Time
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Notes: Each panel plots the building land price in the initial year on the horizontal axis and the
price in 2010 on the vertical axis for all counties. The fitted line is OLS with slope reported in the
panel. The prices after 1995 are from the Regional Statistics Database (Regionalstatistik), main-
tained jointly by the Federal Statistical Office of Germany (Destatis) and the statistical offices of
the federal states. The 1980 prices come from the statistical Yearbook (Statistisches Jahrbuch)
of the Federal Statistical Office of Germany (Destatis) and include only selected cities.
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2.B Additional Empirical Results

Figure 2.B.1 shows a map of average log wages that have been residualized by re-
gressing on age and six levels of education in the left panel. The right panel shows
the auto-correlation between 1990 and 2010 of the same average residuals.

Figure 2.B.2 shows the share of workers who never moved to any other com-
muting zone and the share of workers who never moved further away from their
first commuting zone than to a neighboring commuting zone for workers who be-
gin their careers in commuting zones of the lowest wage tercile. Commuting Zone
average wages are used to calculate these terciles.

Figure 2.B.3 and Figure 2.B.4 show the results for the 1960-1964 cohorts in Fig-
ure 2.4 in the main text for the 1950-1954 and the 1955-1959 cohorts, respectively.

Figure 2.B.1. Local Wage Level and Persistence - Residualized
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Notes: The left panel maps commuting zones in West Germany, shaded by the average residual
log daily wage in 2010. Residual wages are obtained from regressions of log daily wages on
age and education fixed effects (six education levels) estimated using the SIAB. Darker shades
indicate higher values. The right panel plots the average residual log daily wage in 2010 (vertical
axis) against the average log daily wage in 1990 (horizontal axis) with an OLS fit. Each point
represents one commuting zone. The sample is restricted to full-time workers.
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Figure 2.B.2. Fraction of Never-Movers
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Notes: The sample has been reduced to workers who begin their career in commuting zones of
the lowest income tercile. The solid line plots the share of workers in the SIAB sample who have
never left their initial commuting zone, by age. The dashed line plots the share of workers who
have either remained in their initial commuting zone or moved only to an adjacent commuting
zone.

Figure 2.B.3. Log Wage Lifecycle Profiles
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Notes: The left panel shows average log wages by age for workers who began their careers in
counties belonging to the first, second, and third rent tercile, respectively. Rents are measured
using INKAR data from 2010. The green line corresponds to the highest, the blue line to the
bottom, and the orange line to the middle rent tercile. Wages are regionally CPl-adjusted to the
level of Bonn using the BBSR CPI. The right panel shows the same wage profiles after subtracting
the overall mean at each age. The confidence bands shown are at the 95% level. The sample
includes workers born between 1950 and 1954.



90 | 2 Regional Occupations, Local Rents and Worker Mobility

Figure 2.B.5. Observed vs. Counterfactual Log Wage Profiles
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Notes: The solid lines show the average log wage profiles for workers in full-time employment
who began their careers in counties belonging to the first, second, and third rent tercile, re-
spectively. The dashed lines show counterfactual log wage profile that results from assigning
every worker the national average wage, conditional on occupation and age. The green line corre-
sponds to the highest, the blue line to the bottom, and the orange line to the middle rent tercile.
Wages are regionally CPl-adjusted to the level of Bonn using the BBSR CPI. The right panel shows
the same wage profiles after subtracting the overall mean at each age. Rents are measured using
INKAR data from 2010. The sample includes workers born between 1950 and 1954.

Figure 2.B.4. Log Wage Lifecycle Profiles
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Notes: The left panel shows average log wages by age for workers who began their careers in
counties belonging to the first, second, and third rent tercile, respectively. Rents are measured
using INKAR data from 2010. Wages are regionally CPl-adjusted to the level of Bonn using the
BBSR CPI. The right panel shows the same wage profiles after subtracting the overall mean at
each age. The sample includes workers born between 1955 and 1959.

Figures 2.B.5 and 2.B.6 show the results reported in Figure 2.7 in the main text
for workers born 1950-1954 and 1955-1959, respectively.

Figure 2.B.7 shows an interesting additional result. The fraction of workers who
change their occupation when they move to another commuting zone is quite high
- about 50%. This highlights the importance of regional occupational composition.
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Figure 2.B.6. Observed vs. Counterfactual Log Wage Profiles
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Notes: The solid lines show the average log wage profiles for workers in full-time employment
who began their careers in counties belonging to the first, second, and third rent tercile, re-
spectively. The dashed lines show counterfactual log wage profile that results from assigning
every worker the national average wage, conditional on occupation and age. The green line corre-
sponds to the highest, the blue line to the bottom, and the orange line to the middle rent tercile.
Wages are regionally CPl-adjusted to the level of Bonn using the BBSR CPI. The right panel shows
the same wage profiles after subtracting the overall mean at each age. Rents are measured using
INKAR data from 2010. The sample includes workers born between 1955 and 1959.

Figure 2.B.7. Occupation Change Shares Among Movers
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Notes: Fractions of workers who change their occupation among all workers who move to a dif-
ferent commuting zone by age group. Sample pools birth years 1950-1964.

2.C Alternative Rent Data (Wohngeld)

Figure 2.C.1 shows the same results shown in the right panels of Figures 2.4, 2.B.3,
and 2.B.4 but with a different way of splitting the sample. In Germany, low-income
households are eligible for a rent subsidy. Crucially, it depends on the local rent
price of non-expensive housing. I obtained these categories from the Federal Statis-
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tics Office with the caveat that some counties are missing, leading me to use the
INKAR data for the main specifications shown in the main text. To this end, all Ger-
man counties are grouped into 6 categories. I group counties into three bins of two
categories each, and reproduce the log-wage profiles I obtained using rent terciles
based on the INKAR rent index. The obtained results are extremely similar, lending
confidence that the results are indeed correct.

Figure 2.C.1. Log Wage Lifecycle Profiles - Rent Subsidy Category

—

(a) 1950-1954 (b) 1955-1959 (c) 1960-1964

Notes: Log wages by age for workers who began their careers in counties belonging to the three
rent bins. Rents are measured using the categories of the subsidiy scheme Wohngeld that groups
counties into 6 bins ranging from cheap to expensive. The green line corresponds to the highest,
the blue line to the bottom, and the orange line to the middle 2 rent bins. Wages are regionally
CPl-adjusted to the level of Bonn using the BBSR CPI. All panels show the same wage profiles
after subtracting the overall mean at each age. The confidence bands shown are at the 95%
level. Each panel shows results for different 5-year cohorts.

Figure 2.C.2 reproduces the counterfactual occupation-weighted wage profiles
shown in Figure 2.7 in the main text. Results are extremely similar again.

Figure 2.C.2. Observed vs. Counterfactual Log Wage Profiles - Rent Subsidy Category

(a) 1950-1954 (b) 1955-1959 (c) 1960-1964

Notes: Log wages by age for workers who began their careers in counties belonging to three rent
bins. Rents are measured using the categories of the subsidiy scheme Wohngeld that groups
counties into 6 bins ranging from cheap to expensive. The dashed lines show counterfactual log
wage profile that results from assigning every worker the national average wage, conditional on
occupation and age. The green line corresponds to the highest, the blue line to the bottom, and
the orange line to the middle 2 rent bins. Wages are regionally CPI-adjusted to the level of Bonn
using the BBSR CPI. All panels show the same wage profiles after subtracting the overall mean
at each age. The confidence bands shown are at the 95% level. Each panel shows results for
different 5-year cohorts.
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2.D Solving the Model

2.D.1 Solving the Model with EGM

The worker problem is solved by means of backwards induction. This can often be
done efficiently using an endogenous grid method (EGM) as in Carroll (2006). How-
ever, since the location choice in the model is discrete, I cannot use the standard
EGM. Instead, I rely on the endogenous grid method for discrete-continuous dy-
namic choice models proposed by Iskhakov et al. (2017).

In the last period of the lifecycle, first-order conditions can be used to analyti-
cally solve for the worker decisions. In the periods between the working phase and
the final period, the inverse Euler equation of retired workers is

_ I—A A%
c = [Rﬁc (;) ]
where primes indicate state in the next period. Worker decisions can then be found
using standard EGM methods.
During the working phase, the discrete choice needs to be handled. Every period,

for every possible state, the worker’s problem is solved twice, taking the location
choice (i.e., 2') as given. Using the worker’s inverse Euler equation
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and given a grid of consumption in the next period, implied through next period’s
already determined consumption policy function by an exogenous grid of assets in
the next period, an endogenous grid of consumption in the current period can be
calculated. Note that variables with a prime denote state variables in the next pe-
riod, and z” denotes the location choice in the period after the next period. Given
the functional form of u;, grid points corresponding to the endogenous contempo-
rary consumption grid of contemporary housing consumption 1 and subsequently
the saving decision, as well as implied conditional value functions V, and V3, can be
calculated. The borrowing constraint is handled by adding a point with a = 0 and
implied consumption decisions into the respective grids where workers would like
to borrow if they could.

Given that the taste shocks {; are iid and ETV1 distributed, the probabilities of
choosing A or B can be calculated in closed form at every grid point with the famous
logit probability formula (Domencich and McFadden (1975)).15 Policy functions are

15. As discussed by Iskhakov et al. (2017), this procedure can produce non-monotonous points
in the conditional value grids that need to be eliminated through an upper envelope.
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then interpolated linearly and passed on to the period before the contemporary
period.

In the O-period after birth, the same logit formula can be applied to obtain
choice probabilities for each region, taking initial productivity and endowment as
given.

This backward induction procedure yields value functions and workers’ deci-
sions for given prices w4, wg,p4 and pg. Since local housing stocks are fixed and w,
and wy are closed form function of é—’; solving the model then is a matter of finding

é—: such that the implied wages are profit maximizing for the aggregation firm and
result from the workers decision problem given these same wages and rent prices
that clear rent markets at the same time.

Aggregate variables Ly, Lg, nfp ng, where the latter two denote local aggregate
housing demand, are obtained by simulating 100,000 individuals using the calcu-
lated worker decisions.

The fixed-point problem of finding i—’;, p4 and pg is then solved by updating ini-

tial guesses in nested loops. i—/; is updated using Anderson acceleration, and the rent
prices are updated with a log-linear updating rule.

2.D.2 Solving the Model under Downsizing

Under the policy discussed in section 2.G.2, EGM is no longer applicable for retired
workers in region B because there can be corner solutions. Workers who would oth-
erwise have consumed slightly more than 71.02m? may find it optimal to consume
exactly the threshold. Similarly, with the transfer, workers who would have rented
housing just below this threshold may now find the threshold optimal. I therefore
use a standard grid-search method where for every asset grid point and every level
of consumption on a grid, the value of choosing freely above the threshold, below
the threshold, and the corner, as well as the resulting savings decision solution, are
compared. Policy functions are then interpolated on the same asset grid used in the
EGM method described in the previous section. For non-retired workers and work-
ers retired in A, the same EGM algorithm as before is employed.
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2.E Calibration

2.E.1 Male Income Shares

To document how the within-household income distribution evolves with age, I use
the German Socio-Economic Panel (SOEP) to construct the age profile of the male in-
come share shown in Figure 2.E.1. I merge the individual-level labor income records
with demographic and household identifiers. All monetary amounts are deflated us-
ing the German consumer price index from Jorda, Schularick, and Taylor (2017).

For each household and survey year, I compute individual ages as the difference
between survey year and year of birth, dropping implausible values where the im-
plied age is negative. To identify the household head, I restrict attention to males
with positive earnings and select, within each household, the oldest such male. As
in my main empirical analysis, I restrict the analysis to households whose head was
born between 1950 and 1964. I then restrict the sample to households with exactly
one adult male earner and a head aged 60 or below.

For each remaining household-year, I aggregate real wages by gender and com-
pute the within-household share of male earnings.

Figure 2.E.1 shows the resulting profile. The male income share is close to 100
percent for younger heads and gradually declines with age as female earnings and
joint retirement patterns become more prevalent. Only households with a single
working-age male are included, so that the pattern captures variation in the rela-
tive contribution of female partners rather than compositional shifts in household
structure.

Figure 2.E.1. Average Male Income Share by Age of Household Head
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Notes: The figure plots the average share of male earnings in total household labor income by
the age of the male household head. The sample is restricted to SOEP households with exactly
one adult male earner born between 1950 and 1964 and with positive household labor income.
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2.E.2 Household Size Weights

Household consumption is scaled using the modified OECD equivalence scale. To
construct the underlying household information, I use the German Socio-Economic
Panel (SOEP). I merge the individual-level labor income records with household
identifiers and survey years and adjust wages using the consumer price index to ob-
tain real values. For each household, I identify the male head as the oldest working-
age male with positive earnings, and restrict the sample to cohorts born between
1940 and 1964.

For these households, I calculate the number of adults and children and then
assign an equivalence weight following the OECD method, where additional adults
and children increase household needs by fixed fractions relative to the first adult.
I then average these weights by the age of the household head, which provides an
age profile of equivalence scales.

Because the raw averages are somewhat irregular, I fit a smooth polynomial
curve to the values between ages 25 and 70. For ages below 25 and above 70, the
curve is extended by holding the fitted values constant at the boundaries. The result-
ing schedule gives a smooth and age-dependent measure of household equivalence
weights that I feed into the model. Figure 2.E.2 shows the resulting weights.

Figure 2.E.2. Modified OECD Equivalence Weights
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Notes: The blue line shows the modified OECD equivalent weights of households in the SOEP
with exactly one male adult born between 1940 and 1964 against age. The orange line is the
cubic polynomial fit that is fed into the model.
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2.E.3 Utility Moving Cost

Figure 2.E.3. Utility Moving Costs
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Notes: Calibrated values of utility moving costs k(j) by age.

The functional form of k(j) is set to

ko) = K[ 1+6-Do(26G-w)]  s6) = o(28G—w).

where u =35, f =0.2 and S =10. The resulting calibrated values are shown in
Figure 2.E.3.



98 | 2 Regional Occupations, Local Rents and Worker Mobility

2.F Additional Model Results

Figure 2.F.1 shows the distribution of predicted and model counterfactual wage
changes from working in the other region discussed in section 2.5.2.

Figure 2.F.1. Predicted Wage Changes
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Notes: Distribution of log wage differences between observed wages and model-based predic-
tions. The left boxplot in each panel refers to the Mincer regression, while the right boxplot
refers to the model counterfactual. In each boxplot, the box represents the interquartile range,
the line inside the box the median, and the whiskers extend to 1.5 times the interquartile range.
Points beyond the whiskers indicate outliers.
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2.G Additional Policy Results

2.G.1 CEV of Older Workers

The construction policy presented in section 2.6 is beneficial for newborn workers
as shown in the main text. However, it is beneficial for older workers too.

At age 45, CEV for workers in region A with median productivity, skill levels,
and savings from the construction policy is 0.61%. The number is smaller than the
0.79% CEV for newborn workers. This is because workers at 45 have no more incen-
tives to move to region B because of human capital mismatch and no longer benefit
from greater moving opportunities. They do still benefit from the wage increase and
the rent price decrease in region A.

By contrast, at 0.84%, median 45-year-old workers in region B have about the
same CEV as newborn workers. This is because they stille directly benefit from the
rent price reduction.

2.G.2 Downsizing Policy

Housing construction effectively increases welfare and makes moving to the region
with better career opportunities easier, as discussed in the previous section. An al-
ternative policy that is often discussed in public debates is incentivizing households
to downsize their housing consumption in order to make room for more people. In
the German state of Baden-Wiirttemberg, for example, municipalities can receive
a bonus payment of €3000 per household that moves to a flat that is at least 15
square meters smaller than the previous flat. The municipalities may then choose
to pay this bonus out to the household directly.

I implement a stylized version of this policy for comparison with the construc-
tion project. In the model, there are two reasons that lead to high rents in region
B. One is small housing supply as targeted by the construction policy. The other is
old workers having accumulated a lot of wealth and consuming large quantities of
housing. In the model, in region B, workers under the age of 30 rent a median flat
of 58.7m?, whereas the median flat of retired workers is as large as 87.05m?.

I test the following policy. Workers who are retired and choose to live in a flat
that is 15m? smaller than the pre-policy median (i.e. 72.05m?) receive a lump sum
transfer of €250. The net present value of receiving this transfer for every year of
retirement is close to €3000. The technical details of the implementation are dis-
cussed in Appendix 2.D.2.

The policy is not effective at all. The average housing consumption of retired
workers in region B is reduced by only about 0.5m?. As a result, none of the general-
equilibrium objects change measurably. Table 2.G.1 shows the welfare effects on
newborn workers. The effect is small and negative - the policy has no meaningful
impact on aggregates but still leads to tax increases.
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Table 2.G.1. CEV after Downsizing Policy

Veil of ignorance  Conditional on A Conditional on B
CEV -0.19% -0.19% -0.19%

Notes: Consumption equivalent variation of newborn workers with respect to a counterfactual
economy where the government pays lump sum transfers of €250 to retired workers who take
up less than 72.05m? of housing.

Compared to housing construction, the downsizing policy has two main disad-
vantages. First, unless incentives are huge (and therefore extremely expensive), it
only affects retired workers at the margin, and the housing space that is freed up is
therefore limited. Second, houses that are constructed once can be used by subse-
quent generations, warranting financing the construction through government debt.
Incentivizing old households to live in smaller flats needs to be paid for continuously
and is therefore expensive.
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Chapter 3

Carrots or Sticks?
Short-Time Work vs. Lay-Off Taxes*

Joint with Gero Stiepelmann

3.1 Introduction

It has long been understood that unemployment insurance systems can inefficiently
increase separations in the labor market. To counter this inefficiency, governments
commonly have two main policy instruments at their disposal. On the one hand,
there are lay-off taxes that, in effect, punish firms for firing workers. On the other
hand, there is the short-time work system that rewards the retention of endangered
workers through subsidizing and enabling hours reductions!.

This raises the natural question, which of the two policy instruments govern-
ments should employ. Existing literature highlights that lay-off taxes have many de-
sirable properties. Cahuc and Zylberberg (2008) and Blanchard and Tirole (2008)
show in implicit contract frameworks that lay-off taxes can implement the planner
solution. Short-time work, on the other hand, has been shown to have the problem
of introducing new inefficiencies into the economy through the distortion of work-
ing hours (e.g., Burdett and Wright, 1989; Stiepelmann, 2026). However, these re-

* We thank Michael Peters and Martin Souchier for invaluable feedback and guidance during
the development of this project. We gratefully acknowledge financial support by the Bonn Graduate
School of Economics and the Yale Graduate School of Arts and Sciences. Gero Stieplemann grate-
fully acknowledges financial support by the Institute of Macroeconomics and Econometrics Bonn and
Johannes Weber gratefully acknowledges financial support by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) through CRC TR 224 (Project C01). The views expressed in this
paper are solely the responsibility of the authors and should not be interpreted as reflecting the views
of the Board of Governors, the Federal Reserve Bank of Cleveland, or the Federal Reserve System.

1. Short-time work systems are pervasive, e.g., in European countries where they were utilized
during the Great Recession and the COVID period. Lay-off taxes are implemented, e.g., in the U.S.
through an experience-rated unemployment insurance system.
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sults crucially hinge on the absence of financial constraints for firms. This assump-
tion is widespread in the search and matching literature, but clearly at odds with
reality.

In this study, we relax this assumption in a rich yet analytically tractable DMP
framework and allow for a share of firms to be financially constrained. Using the
Ramsey policy approach, we then determine the welfare consequences of optimally
set short-time work benefits and optimally set lay-off taxes.

Our main result is that lay-off taxes are indeed superior when the share of fi-
nancially constrained firms is small. Short-time work emerges as the superior pol-
icy instrument if the share of constrained firms becomes sufficiently large. This is
a consequence of two main channels. Firstly, lay-off taxes have trouble deterring
separations in financially constrained firms, while short-time work can still operate
as effectively as before. Secondly, with financial constraints, firms lose their abil-
ity to insure risk-averse workers against negative income shocks. Short-time work
can then partially mitigate this and provide insurance against income shocks in the
firms’ stead.

Quantitatively, after calibrating the model to the U.S. economy, we find that
short-time work is the superior policy instrument if 27% of firms in the economy or
more are financially constrained.

The backbone of our model is a canonical Diamond-Mortensen-Pissarides type
search and matching model (Mortensen and Pissarides, 1993, 1994) with id-
iosyncratic productivity shocks, endogenous separations, and generalized Nash-
Bargaining between workers and firms. We augment the standard model with three
realistic key ingredients: Risk aversion on the worker side, financial constraints on
the firm side, and flexibly adjustable working hours. Workers and firms are ran-
domly matched, form expectations over their match productivity, and bargain over
wages, working hours, and separation productivity thresholds. Productivity shocks
are i.i.d. and realize after firms and workers complete bargaining.

The government implements an unemployment insurance system under which
unemployed workers are paid lump sum benefits and either a lay-off tax system or
a short-time work scheme. Further, it collects taxes on firms to finance the systems.

In the presence of lay-off taxes, firms have to pay lump-sum lay-off taxes once
worker and firm separate after productivity falls below the separation threshold.
To replicate the U.S. experience-rated unemployment insurance system, we assume
that lay-off taxes are backloaded to the next period, thereby avoiding firm bankrupt-
cies.

The short-time work scheme consists of two main components: eligibility condi-
tions and benefit payments. Workers become eligible for short-time work once they
agree to reduce their working hours below a threshold specified by the government.
Short-time work benefits compensate for lost income by providing fixed payments
for each hour not worked relative to normal working hours. Short-time work effec-
tively acts as a subsidy paid directly to workers. Working hours under short-time
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work are also determined through bargaining between firms and workers. In this
setup, firms and workers have an incentive to reduce working hours inefficiently to
attract more government Support.

We assume that a share of firms is financially constrained. Specifically, we as-
sume that these firms can never borrow more than the expected discounted value of
the firm. These constraints have direct welfare implications. With risk-averse work-
ers and risk-neutral firms, firms would like to offer workers insurance against low
productivity shocks and commit to paying the worker a fixed (consumption equiva-
lent) wage, no matter how low or high productivity turns out to be. The worker is
then willing to accept a slightly lower wage in return for the insurance. This implies
that for sufficiently low productivity realizations, firms make ex-post losses. How-
ever, if the firm is financially constrained, it cannot make ex-post losses and loses
its ability to fully insure workers. Low enough productivity shocks make the bor-
rowing constraint binding, and the shocks pass through to the worker’s wage fully.
Workers are not committed to staying in the match and quit once they hit their
participation constraint (i.e., once the value from quitting, becoming unemployed,
and looking for a new job is greater than staying). Therefore, the welfare effect of
financial constraints is twofold: Firstly, firms cannot provide as much insurance to
workers as they would like, and secondly, workers quit sooner.

We derive closed-form expressions for optimal lay-off taxes and optimal short-
time work schemes, depending on how many firms are financially constrained. The
theoretical results show that the sole purpose of lay-off taxes is to offset the fiscal ex-
ternality of the unemployment insurance system on financially unconstrained firms.
However, lay-off taxes cannot correct inefficient separations or address the lack of
insurance for workers in financially constrained firms. The intuition is straightfor-
ward: once financial constraints become binding, firms can no longer absorb shocks,
which are instead passed on to workers in the form of reduced income. Even though
firms would like to keep the worker employed to avoid future lay-off taxes, workers
quit unitarily when income falls enough, rendering the lay-off tax ineffective2.

By contrast, short-time work is particularly effective in supporting financially
constrained firms. By supplementing the income of workers who experience re-
duced hours, it incentivizes workers to remain attached to the firm. In addition,
it provides workers with income insurance, where constrained firms can no longer
provide it. We proceed to show that short-time work cannot simply be replaced by
providing loans to financially constrained firms. This is because where short-time
work increases the joint surplus of firms and workers by providing insurance to
workers, loans merely shift funds across periods and therefore have no bearing on
a worker’s wage and her decision to quit. Unlike short-time work, loans therefore
do not prevent inefficient separations.

2. In the U.S., workers who quit following a substantial deterioration in job conditions remain
eligible for unemployment insurance benefits.
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When the share of financially constrained firms is low, lay-off taxes are clearly
preferable to short-time work, as the distortionary cost of reduced working hours
under short-time work outweighs the cost of insufficient support for financially con-
strained firms under a lay-off tax regime. However, as the prevalence of financially
constrained firms increases, the trade-off shifts. Both theoretically and quantita-
tively, we demonstrate that short-time work becomes the superior policy instrument
once a sufficiently large share of firms face financial constraints. Calibrating the
model to the U.S. economy and targeting a 45% unemployment insurance replace-
ment rate, we find that short-time work is the superior policy instrument if 27%
of firms in the economy or more are financially constrained, which is a realistic
figure for the U.S. economy. If the planner is allowed to optimize unemployment in-
surance benefits jointly with either short-time work or lay-off taxes, this threshold
even drops to 24%.

Related literature We contribute to four branches of the literature. Firstly, we add
to the literature about optimal unemployment insurance. The trade-off between
the benefits of unemployment insurance and adverse effects on job-search and sep-
arations has been a recurring theme in the economic literature (e.g., Baily, 1978;
Shavell and Weiss, 1979). How UI should be used optimally has therefore been
examined in seminal papers such as Hopenhayn and Nicolini (1997) and Chetty
(2006). More recently, Landais, Michaillat, and Saez (2018) show how UI should
vary with labor market tightness, and Kroft and Notowidigdo (2016) show evidence
that moral hazard costs of Ul are procyclical. We contribute to this literature by
evaluating policy tools that can mitigate the adverse externalities of unemployment
insurance.

Secondly, there is a branch of the literature that concerns itself with lay-off
taxes, often emphasizing their effectiveness in overcoming UI fiscal externalities.
Blanchard and Tirole (2008) and Cahuc and Zylberberg (2008) propose frame-
works in which lay-off taxes can decentralize the planner solution. Closely related
to our work, Jung and Kuester (2015) and Michau (2015) take a Ramsey planner
approach and examine optimal unemployment insurance with lay-off taxes and va-
cancy subsidies in a DMP. Duggan, Guo, and Johnston (2023) show that lay-off
taxes can act as a stabilizer over the business cycle. Postel-Vinay and Turon (2011),
on the other hand, show that employers can use severance packages to coax work-
ers into quitting and avoid lay-off taxes. Ratner (2013) makes the point that the
experience-rated Ul system in the U.S. reduces lay-offs but also hampers hires. Sim-
ilarly, Johnston (2021) finds that increases in lay-off taxes lead to less hiring. We
contribute to this literature by introducing firm borrowing constraints and showing
that they reduce the effectiveness of lay-off taxes.

Thirdly, there is a growing body of research on short-time work, though the
literature remains divided on its overall usefulness. Some studies emphasize poten-
tial inefficiencies. For example, Burdett and Wright (1989) argue that short-time



3.2 Model | 109

work encourages inefficient reductions in working hours. Cooper, Meyer, and Schott
(2017) highlight the risk of subsidizing employment at unproductive firms, while
Giupponi and Landais (2022) raise concerns about impeding beneficial worker re-
allocations, though they also note that short-time work may support firms in main-
taining efficient levels of labor hoarding. Cahuc, Kramarz, and Nevoux (2021) raise
concern about the potential windfall effects of short-time work.

Other studies focus on the potential advantages of short-time work. Balleer
et al. (2016) show that it can introduce valuable flexibility at the intensive margin
of employment. Giupponi, Landais, and Lapeyre (2021) argue that short-time work
complements unemployment insurance by insuring against different types of labor
market shocks. Similarly, Braun and Briigemann (2017) analyze optimal unemploy-
ment insurance and short-time work jointly within an implicit contract model.

Despite these recent advancements, the relationship between short-time work
and unemployment insurance remains insufficiently understood, as emphasized in
a comprehensive review by Cahuc (2024). Addressing this gap, Stiepelmann (2026)
introduces the analysis of optimal short-time work policy and optimal unemploy-
ment insurance into a search-and-matching framework. Building on this founda-
tion, our paper contributes to this branch of the literature by enhancing the under-
standing of the interplay between short-time work and unemployment insurance by
highlighting the pivotal role of financial constraints.

Finally, there is a literature on firms’ financial constraints. Drechsel (2023) ar-
gues that earnings-based borrowing constraints react more strongly to shocks. A
part of the literature shows that financial constraints matter for monetary shock
transmissions (e.g., Ottonello and Winberry, 2020) or innovation (e.g., Cascaldi-
Garcia, Vukoti, and Zubairy, 2023). In the labor market, fewer financial constraints
are empirically shown to lead to higher employment (e.g., Duygan-Bump, Lev-
kov, and Montoriol-Garriga, 2015; Fonseca and Van Doornik, 2022). We contribute
to this literature by incorporating financial constraints into a search and match-
ing framework with endogenous employment responses. Unlike Wasmer and Weil
(2004) and Iliopulos, Langot, and Sopraseuth (2019), who model hiring costs as
working capital so that constraints primarily affect vacancy posting, in our setting
financial constraints operate through separations, as constrained firms are less able
to sustain unprofitable matches.

3.2 Model

3.2.1 Basic Assumptions

Set-Up Time is discrete. There is a unit mass of workers. Workers can be either
employed or unemployed. While unemployed, workers search for vacant jobs and
receive unemployment benefits b. Unemployed workers and firms with vacancies
are matched randomly. The number of contacts is governed by the Cobb-Douglas
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matching function m(v,n) =m- vI71 . (1 —n)7, where v is the mass of vacancies

and n is the mass of employed workers. We denote the job-finding rate by f, the

vacancy-filling rate by g, and the separation rate by p. Let 6 denote labor market
\4

tightness, i.e. 0 = —.

A worker-firm match produces output y according to the production function
y(e,h) = e€-h* — (ue —€) - ks

where € is realization of a productivity shocj € satisfying shock log & ~ A (u, 02)
with cdf G(e) and pdf g(e). New productivity shocks arrive with probability A. h
is the number of working hours worked by the worker, and A is the total factor

productivity. The term (u. — €) - k¢ is a cost shock. While workers are employed they

receive a salary w(e) and suffer dissutility ¢ (h) = hl(i:;) from working h hours.

Firm profits go to firm owners of whom there is a mass of vy.

Preferences Workers are risk-averse with a concave flow utility function
over consumption, net of work disutility u(c— ¢ (h)). Because utility is de-
fined over consumption-equivalent units, we introduce notation for production in
consumption-equivalent units for use in later expressions and let z(e,h) =y(e, h) —
¢ (h). Firm owners have the same flow utility function u but draw utility only from
their consumption Cr (.e. u(cf)).

Government Policy The government can choose between two policy regimes: the
Short-Time Work (STW) regime and the Lay-Off Tax (LT) regime. Since the chosen
policy regime has implications for firm and worker value, bargaining, and equilib-
rium, the remaining model assumptions are described in two separate sections for
each respective policy regime in the following.

3.2.2 The Model with Lay-off Taxes

Government Under the LT regime, firms have to pay lay-off taxes F once the
worker and firm jointly agree to separate. Importantly, firms pay no lay-off taxes
if the worker unilaterally leaves the match. In the following, let p denote the prob-
ability that firms and workers separate. The lay-off tax F and the unemployment
insurance benefits b are set by the government. To finance the policy regime, firms
pay a lump-sum tax s whenever their productivity changes. The government budget
constraint is

n-s=Q0Q—-n)-b—n*-p-F

where n’ is the mass of matches that receive a new productivity shock.
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Firms There are two types of firms - financially constrained and financially un-
constrained firms. Firms are financially constrained with probability p. When con-
strained, once the productivity shock has realized to €, a firm can borrow no more
than its expected value, conditional on its realized productivity. Specifically,

y(e,h(€) —wi(e) = —-[A-T+ 1A —2)-J(e)]

must hold. J is the expected firm value once a new shock arrives, and J°(¢) is the
value of a constrained firm with productivity draw €. The constrained (monthly)
wage function w®(e) will be made explicit in the bargaining section below. The
bargained-over hours functions will depend on productivity e but not on the finan-
cial constraint. Anticipating this, we save on notation and denote h"(e) and h°(e)
as h(e). Note that with persistent shocks (A < 1), a low realization of productivity
will lead to a tighter borrowing constraint.
The value of an unconstrained firm after productivity realizes to € is

JU€e) = y(e,h(e) —w"(e) + B -[A-T+ (1 —)J“(e) ]
and the value of a constrained firm after productivity realizes to € that is
J(€) = y(e,h(e) —w(e) + B -[A-T+ (A —A)-Je)]

where J is the expected firm value before the shock has realized and before it be-
comes known if the firm is constrained. It is given by

J=—-s+0-p) (f JU(e) dG(e)) +p (J J(€) dG(e)) —p-B-F

S S

Firms separate from a worker once productivity drops below the separation
threshold € or € for the unconstrained and constrained case, respectively. We de-
note the probability of separation when a new shock arrives as p. When separation
occurs, the firm has to pay a lay-off tax F. In accordance with the experience rating
system in the US, we assume that lay-off taxes are backloaded, i.e., they are paid
with a one-period delay. This ensures that financial constraints do not bind at the
time of separation. The lay-off tax is therefore discounted by f3.3

Firms can freely enter the labor market and post vacancies at cost k,. The mass
of vacancies v must therefore solve

3. In principle, a firm could remain financially constrained in the subsequent period and thus
be unable to pay the lay-off tax, potentially leading to bankruptcy. We abstract from this possibility
and assume that all firms are able to meet their tax obligations when due.
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Workers Employed workers can work at financially constrained and unconstrained
firms. The value of a worker at an unconstrained firm after productivity realizes to
€is

Vi(e) = um'(e) —ph(e)) + B - [AV + (1 — D)V“(e) ]
The value of a worker at a constrained firm after productivity realizes to € is
Ve(e) = u () — p(h(e)) + B - [AV + (1 — DV(e)]

where V is the expected worker value before a new productivity shock has realized
It is given by

V=_>0-p (J V“(e)dG(e)) —I—p(f Vc(e)dG(e)) +p- U

S S

With probability p, a worker becomes unemployed. The Value of an unemployed
worker U is given by

U=u®+B-[f-V+A—f U]

Bargaining With financial constraints, bargaining takes place before both the real-
ization of productivity ¢ and whether the firm is constrained or not become known.
For each possible state € € R, worker and firm agree on the total monthly wage
functions w"(e) and w°(e), the hours functions h*(e) and h°(e), on the separation
threshold when unconstrained €, as well as the separation threshold when con-
strained €.

Further, there is no commitment to the contract on the workers’ side. This means
that if the outside option of the worker becomes weakly better than staying with the
match, the worker quits unitarily:

Vi(e) < U, V() <U
Formally, the bargaining outcome solves
max J7" (\7 — U)n
x
subject to

Vie) > U, V() =>U (commitment problem)
y(e,h°(€)) —w'(e) = —p [U + (1 - A)Jc(e)] (financial constraint)

where the choice set is given by

2 = {w'(e),w (e),h"(e),h (e), €“, €} .

§2°s
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where 1) denotes the bargaining power of workers. Note that firms and workers
have to take the commitment problem of the worker and the financial constraints
of the firm into account when writing their contracts. Appendix 3.C.1 derives the
bargaining outcomes in detail.

Since workers are risk-averse and firms are risk-neutral, the bargaining outcome
is that firms insure workers against low-productivity states. Workers will accept a
lower average wage in exchange for insurance. As long as the firm is not constrained
(either because it is an unconstrained firm or because constraints do not bind) the
firm will fully insure the worker against productivity risk and the total monthly wage
w(e) will be set to a constant consumption equivalent ¢, equating worker utility
across all realizations of € that do not lead to binding constraints. ¢ is pinned down
by the condition

u'(c(e)) = u'(c™)

Once a firm becomes constrained and the constraint binds, it instead pays the max-
imum monthly wage c" (¢) it can still afford:

() =z(e)+A-B-J

The hours function that worker and firm agree on is, as already mentioned, the
same for constrained and unconstrained firms. It is pinned down by

a-e-h(E)* ! = hie)Y

both in the constrained and the unconstrained case. The equilibrium, therefore,
only contains one general hours Function h(e). Since h(e) equates the marginal
disutility of work and the marginal product of labor, working hours are always set
efficiently.

Note that, because under bargaining, each productivity level e will imply a work-
ing hours level h(e), we write z(e,h(e)) simply as z(e). The job-destruction equa-
tions pin down the bargained-over separation thresholds of constrained and uncon-
strained matches:

z(eg‘)+[1—/3.(1_1)]./3.F+%_CW+ll—_ﬂy;f_% _ 0
w C _ b
u(C (65)) U()+(A_f),i.& _ 0
w'(er) 1-n gq

Note that F enters the separation condition for unconstrained firms only. In the un-
constrained case, firms fully insure workers’ income against idiosyncratic productiv-
ity shocks such that a low idiosyncratic productivity level is not passed on to the
worker. As a result, the worker has no incentive to quit unilaterally (V* (6?) > U).
The lay-off tax increases the surplus and therefore lowers the separation threshold
€, . However, a sufficiently low productivity realization in a financially constrained
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firm is passed directly to the worker’s income. For low enough productivity levels,
the continuation value of employment falls below the worker’s outside option, such
that V¢(e;) < U, and the worker quits unilaterally. Although the firm would prefer to
retain the worker in order to avoid paying the backloaded lay-off tax, it lacks the fi-
nancial resources to offer a wage that satisfies the worker’s participation constraint.
Consequently, the lay-off tax does not affect the separation decision.

Labor Markets The separation rate p is given by p = (1 —p) - p“ +p - p° where
p" =G(ey) and p© = G(€;). The steady-state law of motion for employment is

n=(1—-A)-n+1—p)- -n
where n®* denotes the number of matches that received a new shock
n=f-1-n+A-n
The mass of unemployed workers can be expressed as u = 1 —n. The mass of work-

ers who work for unconstrained firms n* and the mass of workers who work at
constrained firms n° are given by:

1—
nu—Tp‘(l_Pu) nS
n® = %-(1—pc) n’

Equilibrium A steady state Equilibrium consists of the working hours function
h(e), the consumption equivalent ¢ paid as the monthly wage to workers without
binding constraints, the consumption-equivalent monthly wage ¢ (e) paid when
financial constraints bind, the separation thresholds €| and €, the productivity level
at which the borrowing constraint becomes binding €” and labor market flows, i.e
the job-finding rate f, the vacancy-filling rate g and the separation rate p" and p°
as well as n. The exact equations pinning down equilibrium and their derivation are
delegated to Section 3.C in the appendix.

3.2.3 The Model with Short-Time Work

Government Under the STW regime, firms become eligible for short-time work
benefits if they set their working hours on short-time work hg,, (¢) below a thresh-
old D. In this case, the worker receives sy, (h — hy (€)) worth of benefits. h is a pa-
rameter that reflects the normal working hour level. In essence, for every hour the
worker works less than she would under normal circumstances, she receives com-
pensation sg.,. Choosing an hours threshold D is a realistic implementation of what
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short-time work rules mandate in e.g., Germany.* Enforcing working hours reduc-
tion can help screen out firms that are actually productive from receiving subsidies
because only unproductive firms will find hours reductions optimal (Teichgraber,
Zuzek, and Hensel, 2022).

In principle, the government chooses the policy parameters D, s, and b. How-
ever, since the hours functions h"(e), h°(e), hg(e) and hg (e) will always be
strictly decreasing in €, choosing D is equivalent to setting the eligibility produc-
tivity threshold e, that will induce the same hours threshold D. The resulting gov-

ernment budget constraint is

1 —p max{€uy,€L } ~
n*-s = 3 -n’ - f Seew © (N — hy (6)) dG(€)
€

u
S

A
+(1—n)-b

) max{e €} )
+=-n- J Sgtw * (h — hg, (€)) dG(€)
€

C
S

where n® is the mass of matches that receive a new productivity shock. € and €
are the separation thresholds of matches with access to short-time work of uncon-
strained and constrained matches, respectively. The max operators in the integral
limits are necessary because the government can choose an eligibility condition that
is so tight that all matches separate without gaining access to short-time work first.

Firms Again, firms can be either financially constrained or unconstrained. With
short-time work, they can also currently be on short-time work or not. Firms are
financially constrained with probability p. When constrained, once the productivity
shock has realized to €, a firm can borrow no more than its expected value, condi-
tional on its realized productivity. Specifically, without access to short-time work

y(e,h(€) —wi(e) = —-[A-T+ 1 —2)-J(e)]
and with short-time work
¥(€, Ry (€)) =Wl () = =B - [A-T+ (1 —1) - I, (€]

must hold. J is the expected firm value once a new shock arrives, and J¢(¢) is the
value of a constrained firm without short-time work, and J, ,(€) is the value of a
constrained firm on short-time work. The constrained monthly wage function w®(e)
will be made explicit in the bargaining section below. Like in the model with lay-off
taxes, the bargained-over hours functions will depend on productivity € but not on

the financial constraint. Anticipating this, we save on notation and denote h"(e) and

4. In practice, this is implemented as a minimum reduction of hours threshold - which in our
model is given by D%h and is implicitly chosen by the government through D.
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h“(e) as h(e) and hi, (€) and hS (€) as hy,(€). Further we write z(€) instead of
z(e,h(€)) and zg., (€) instead of z(e, h,, (€)). The value of firm without short-time

work after productivity realizes to e that is unconstrained is
JU(e) = y(e,h(e)) —wh(e) + B - [AT+ (1 — A)J“(e)]

and the value of an unconstrained firm with short-time work after productivity real-
izes is

JL (€) = y(e, hgy(€) —wh (&) + B - [AT+ (1A — NI ()]

The value of firm without short-time work after productivity realizes to € that is
constrained is

J(€) = y(e,h(e)) —w(e) + B - [AT+ (1 — A)J(e) ]

and the value of a constrained firm with short-time work after productivity realizes
is

IS (€) = y(e,hyy(€)) =Wl (€) + B - [AT+ (1 — A, ()]

where J is the expected firm value before the shock has realized. It is given by

oo 6max{eg,stw)
J=—s+1-p) (J JU(e)dG(e) + f JY . (€) dG(e))

max{&g, e} 5

o9) max{eg,estw} S
+p U J(e)dG(e) + f J, () dG(e))

max{&§,egw} €5
The max operators in the integral bounds reflect that a sufficiently strict eligibility
threshold €, can exclude certain matches from accessing short-time work, even if
their productivity would allow them to survive with such support but not without
it. In this case, otherwise, viable matches are denied access to the short-time work
system, leading to unnecessary separations. Firms can freely enter the labor market
and post vacancies at cost k,. The mass of vacancies v must therefore solve

=
<
Il
=
<
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Workers The value of a worker at an unconstrained firm without short-time work
after productivity realizes to € is

Vi(e) = uw'(e) — p(h(€)) + B - [AV + (A — D)V¥(e)]

and the value of a worker at an unconstrained firm with short-time work after pro-
ductivity realizes is

Ve (€) = uwi  (€) + Sgw * (h — hgw(€)) — ¢ (Mg (€))) + B - [M_/ +A- l)VS“tW(e)]

Stw Stw

The value of worker without short-time work after productivity realizes to € who
works at a constrained firm is

Ve(e) = uwi(e) — p(h(e)) + B - [AV + (1 — MVe(e) ]

and the value of a worker with short-time work after productivity realizes who
works at a constrained firm is

Ve () = uw’,, (€) + Sy - (h— hpy(€)) — p (RS, (E))) + B - [AV + (1 — DVE, () ]

stw

where V is the expected worker value before a new productivity shock has realized.
It is given by

u

[e] max { €y, €}
V=00-p) (f V' (e)dG(e) + J 40O dG(e))

u
MaX e, E4}

oo max{estw,eg}
+p f Ve(e)dG(e) + J Ve (€) dG(e)
max{€gy, &5} €

+p-U
where p is the separation rate. The Value of an unemployed worker U is given by

U=ub)+f-V+A—-f)-U
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Bargaining Bargaining takes place before both the realization of productivity e
and whether the firm is constrained or not become known. With short-time work,
there are a few more items that workers and firms bargain about than in the lay-off
tax regime.

Further, there is no commitment to the contract on the workers’ side. This im-
plies that workers will unilaterally choose to leave the match once the outside op-
tion of becoming unemployed offers a weakly higher expected utility than remain-
ing employed at the firm.

Vie) < U, VI (e) U

- stw

Vie) U, V. (e) U

stw

In the case with and without short-time work, respectively. For each possible state
e € R, worker and firm agree on the total monthly wage functions w"(e) and w*(e),
as well as the total monthly wages paid in both cases while on short-time work
ww(€) and we (€). The hours functions, likewise, are bargained over separately -

for times in which the firm has no access to short-time work (h*(¢) and h¢(e)) and

c
stw

are also agreed upon for both cases: access to short-time work and no access to

short-time work. We denote the separation thresholds without short-time work by

&Y and &:. € and € denote the separation thresholds while on short-time work.
Formally, the bargaining outcome solves

w

for times on short-time work (hlsltw(e) and h¢__(€)). Lastly, the separation thresholds

mﬂ?x Ji=n (\7 — U)n

Subject to

Vi(e) > U, V(e) > U, Vs’j‘tw(e) > U,V (€) = U (commitment problem)

- stw

y(e,h(€)) —w'(e) = —f [A:I + (1 =A)J (e)] (financial constraint)
y(e, hg,, (€)) —wg, (e) = —p [Aj +(1- A)Jctw(e)] (financial constraint, STW)

stw S

where the choice set is given by

Z = {w'(e), w(e), w,, (e), wg, (e), h'(e), h°(e), hy (€), h,, (6), €, €, &Y, £}

stw stw stw stw

Here, 1 denotes the bargaining power of workers. Firms and workers take both
the worker’s participation constraints and the firm’s financial constraints into ac-
count when writing contracts. Appendix 3.D.1 derives the bargaining outcomes.

Since workers are risk-averse and firms are risk-neutral, the bargaining outcome
is still that firms insure workers against low-productivity states, while workers will
accept a lower average wage in exchange for insurance. Much like in the lay-off tax
model, as long as the firm is not constrained (either because it is an unconstrained
firm or because constraints do not bind) the firm will fully insure the worker against
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productivity risk and the total monthly wage w(e) will be set to a constant consump-
tion equivalent ¢”, equating worker utility across all realizations of € that do not
lead to binding constraints. This also includes the state where workers are on STW:

u'(c(e)) = ', (&) = u' (™)

Once a firm becomes constrained and the constraint binds, it instead pays the
maximum monthly wage ¢” (¢) it can still afford. This will depend on whether the
firm has access to short-time work or not:

c¥(e) = z(e)+A- %

- k,
C?Ew(e) = Zgew(€) + Sgry + (h —hyy(€)) + A - E

When the firm goes on short-time work, the worker is compensated for the re-
duced working hours by the government. This means that when the firm has a bind-
ing borrowing constraint and can only afford to pay the worker cg., (€) in monthly
wages, going on short-time work can still increase the worker’s income. The hours
function that worker and firm agree on also differs depending on whether the firm
is on short-time work or not. The two cases are pinned down by the conditions

a-e-h(e)*?! = he)Y

a-€-hyy(e)* ! = hstw(e)‘p + Sqpy-

Again, the hours functions turn out to be independent of financial constraints
and equilibrium; therefore, they only contain the two general hours functions h(e)
and hgy (.. Note that without short-time work, the bargaining outcome for work-
ing hours equates to the marginal product of labor and the marginal disutility from
labor and thus sets working hours efficiently. With short-time work, working hours
take the subsidy s, into account, and hours are set lower than the efficient num-
ber of working hours. This means that through inefficiently low working hours, the
short-time work scheme introduces a distortion into the economy. The bargained-
over separation thresholds are pinned down by the job-destruction equations:

z(é?H%—cu )\1__:’{% =0
ZStW(eu) +sstw(}_l_hstw(eu)) + M—CW-F A’_nf . ]& =0
S S u/(cw) 1—’)’) q
u)) — u(b
U —u®) 0 H ok
w(er) 1-n ¢
) — u(b
D ZMO) L B
w'(e) 1-n gq
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In unconstrained firms, the separation decision is determined as a bargaining
outcome: firms and workers separate once their joint surplus becomes negative. Im-
portantly, short-time work benefits are not included in the worker’s utility function.
The rationale is straightforward—under short-time work, the firm continues to in-
sure the worker’s income against idiosyncratic productivity shocks. The worker re-
ceives a constant consumption equivalent c¢*, regardless of the realization of €. As a
result, the worker has no incentive to quit unilaterally.

In constrained firms, the worker’s commitment problem becomes binding: low
productivity realizations are passed through to the worker’s income. If income falls
sufficiently, the worker chooses to quit. Short-time work increases the worker’s avail-
able income in such cases, thereby increasing the worker’s incentive to remain with
the firm. In essence, short-time work operates by reducing the wage burden on the
firm required to sustain this consumption level. In effect, short-time work lowers the
cost of providing income insurance, thereby reducing the firm’s incentive to initiate
separations.

Labor Markets The separation rate p is given by p=({1—p):-p“+p:
p¢ where p“=G(e!) +G(max{&}, egy,}) —Glmax{e}, eqy}) and p°=G(ed) +
G(max{C&;, €4y }) — G(max{e;, €y }). The remaining worker flows are given by f =

1= and q = 5. The steady-state law of motion for employment is

n=>0-A)-n+1—p)-n’,
where n® denotes the number of matches that received a new shock
n=f-(1-n)+A-n

Unemployment can be denoted as u = 1 —n. The number of workers who work for
unconstrained firms n* and the number of workers who work at constrained firms
n¢ are given by:

n"(p) = T-(l—p”)-n

.(1_pc).ns

S

NS

n‘(p) =

Equilibrium A steady state Equilibrium consists of the working hours functions
h(e), hg (€), the consumption equivalent ¢ paid as the monthly wage to workers
without binding constraints, the consumption-equivalent wage ¢ (€) and cg;,, paid
when financial constraints bind, the separation thresholds £{, &¢, €! and €. and
labor market flows, i.e the job-finding rate f, the vacancy-filling rate q and the sep-
aration rates p"“ and p°¢ as well as n. The exact equations pinning down equilibrium
and their derivation are delegated to Section 3.D in the appendix.



3.3 Optimal Policy | 121

3.3 Optimal Policy

3.3.1 The Ramsey Problem

To show the differences in how short-time work and lay-off taxes act against the
fiscal externality of UI on separations, we take a Ramsey planner approach. We set
up separate Ramsey problems for the lay-off tax regime and the short-time work
regime and proceed to compare optimal policies and their implications. In both
cases, the Ramsey planner maximizes welfare, subject to the equilibrium constraints
stated in Sections 3.C and 3.D in the appendix. To make the theoretical results more
concise, we henceforth assume that  — 1 for the remainder of the paper.

To state the welfare function formally, recall that there is a mass of firm owners
. Firm owners have the same preferences over consumption as workers and receive
equal shares of firm profits in the economy. Further, let £2 denote the average loss of
production in consumption equivalent units due to hours distortions:

1 max{€gy,€; } max{€gy,€:}
n = 15 1-p)- f 2(e)dG(e)+p - J (e)dG(e)
P et €

= (1—p®) e = (1—p©) 2

where

2(e) = z(€) — 24w (€).

Stiepelmann (2026) shows that 2 > 0, ai—n > 0 and 386—? > 0.

stw

The welfare function is given by

W) = n*-ul™)+n°-u“+ (1 —n) - ud)
+vV u(n-G—)—nt-—nc-ef—1()—6-(1—n) k)/V) (3.1)

where n" is the mass of workers employed at firms that do not hit their constraint
and n° is the mass of workers whose employers have a binding borrowing constraint.
u° is the average utility of a worker at a firm that has hit its borrowing constraint. z
is the average production, net of work-disutility, and (2 is the average loss of produc-
tion in consumption equivalent units due to hours distortions: Under the lay-off tax
regime, 2 = 0 will always hold. The average total monthly wage of a worker at a
firm that has hit its borrowing constraint is e°. The Ul-tax t(b) = (1 —n) - b is used
to finance the UI system.

1 is the vector of policy parameters the planner can choose, i.e., T = (b,F) in
the lay-off tax regime and m = (b, €4, Sgtyy) Under the short-time work regime. The
problem of the Ramsey planner is given by

maxW(m) s.t. equilibrium conditions are fulfilled
T
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The full problem is stated in Section 3.E in the appendix. Since the analysis does not
focus on distributional effects between firm owners and workers, we set the mass of
firm owners ¥ such that the consumption equivalent of workers always equals the
consumption of firm owners.

3.3.2 The Optimal Lay-Off Tax Regime

Before we turn our attention to how F is set optimally, we first look at how the
planner sets b in the presence of a lay-off tax. This allows us to illustrate how a lay-
off tax interacts with the fiscal externalities caused by unemployment insurance.

Setting the unemployment insurance level b must balance a trade-off. On the
one hand, the Ramsey planner would like to insure the risk-averse worker against
income losses after a separation. If there were no welfare costs to increasing b, the
Ramsey planner would like to set b to a level that fully equates the utility of em-
ployed and unemployed workers. However, as is well known, unemployment insur-
ance leads to fiscal externalities.

Increasing b will lead to more separations as the workers’ outside option (i.e.,
U) becomes more attractive. This will be true for workers at unconstrained and
constrained firms. This decreases the expected firm value, and vacancy posting falls
as well. On top of that, with risk-averse workers, constrained firms will lose some
of their ability to insure workers against bad productivity shocks because with a
higher b, the continuation value of a firm will be smaller, further tightening the
borrowing constraint. The resulting trade-off between more worker insurance and
greater fiscal externalities is balanced by the Ramsey planner’s first order condition.

Proposition 1. The optimal unemployment insurance benefit b given lay-off tax F
must fulfill the following first-order condition

/ W ge de* \%¢ u
(- (MOZEN) LIV (_) 2D g

u'(c") db db det
Income insurance to unemployed, MIUB Less vacancy posting, MLV p1oe separation in unconstrained firms, MLS"

€\ &€ c

dgs . on (p) JIE (D)

db dec  E
v
More separations in constrained firms, MLS®

+ MIE, (b)
~———

Less income insurance to employed

where L, denotes the social value of hiring an additional worker; L] and L; denote the
social value of the marginal match in an unconstrained and constrained firm,
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- 1
L,(b) = -J+—=-b
v(®) ((1 Y)(l—n) i )
A-
A

L4b,F) = ( b—p- F)
b

and MIE,, denotes the social costs from the insurance loss in unconstrained firms when

L) =

\,,

UI benefits are set more generously.

ey L (AN ([ W) —w @) .
MIE,(b) = n°(p) T ( (db) ) (Lg A f 7@ dG(e)) k

PROOF: See Section 3.F.6 in the appendix.

The term labeled MUIB represents the marginal social benefit of a higher un-
employment benefits level b, stemming from improved income insurance for
unemployed workers.

The term labeled MLV captures the marginal social loss associated with a de-
cline in hiring induced by an increase in unemployment insurance benefits. The
term comprises two components. First, L, denotes the social value of hiring one ad-
ditional worker. Second, (—%)ge - u represents the reduction in the number of new
hires. Intuitively, higher unemployment benefits raise the worker’s outside option,
which puts upward pressure on wages and reduces the value of a worker for the
firm. As a result, firms find it less profitable to post vacancies, leading to a decline
in job creation.

The MLS terms denote the marginal social loss resulting from increased separa-
tions caused by UI benefits. Specifically, MLS" captures the social cost arising from
increased separations in unconstrained firms, while MLS® captures the correspond-
ing cost in constrained firms. Intuitively, higher unemployment insurance benefits
raise workers’ outside options, exerting upward pressure on wages. As a result, un-
constrained firms want to separate earlier. Additionally, in constrained firms, work-
ers are less willing to accept income reductions and thus quit into unemployment
sooner.

The term MLS" consists of two components. First, L denotes the social value

d6 ge ont
of the marginal match at an unconstrained firm. Second, ( ) g ® represents

the number of additional separations in unconstrained f1rms.
Similarly, MLS® consists of L, the social value of the marginal match at a
. . dec\8¢ c . ..
constrained firm, and (%) . % which denotes the number of additional con-
S
strained matches lost due to higher UI benefits.
Finally, MIE® 1abels the social loss of worker income insurance in financially con-

. . . . e N X
strained firms consisting of two parts: (—(%)g ) -IEg denotes the average social
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loss arising from financially constrained firms’ reduced capacity to provide income
insurance> while n° denotes the number of constrained firms. Intuitively, higher Ul
benefits reduce the continuation value of a worker for a firm. Firms can thus borrow
less in bad periods, reducing their ability to insure the worker.

Note that, in general, all these loss terms consist of the marginal social effect of b
on the respective threshold (or labor market tightness in the case of MIE®) multiplied
by the mass of affected workers.

The lay-off tax F enters the policy trade-off exclusively through the MLS" term.
Importantly, it does not affect any terms associated with financially constrained
firms. The intuition is straightforward: once firms become financially constrained,
they lose their ability to insure workers against adverse productivity shocks. As de-
scribed in Section 3.2, low productivity is then fully passed through to the worker’s
income. If the income falls sufficiently, the value of remaining employed falls be-
low the value of unemployment (V°(e) < U) and the worker will choose to quit into
unemployment. Since the firm cannot sustain a wage that the worker is willing to
work for, it cannot prevent the worker from quitting. Thus, the firm has no way of
avoiding paying lay-off taxes, and lay-off taxes have no bearing on the separation
decision.

As a result, lay-off taxes can only mitigate the negative fiscal externalities of
UI by combating separations in unconstrained firms. This means that when p =0,
lay-off taxes can induce the efficient number of separations in the economy. As p
increases, the lay-off taxes gradually lose their effectiveness until they lose their
bite completely once p = 1.

On the upside, the planner can choose to completely eliminate this part of fiscal
UI externalities. This can be done with the optimal Lay-off tax stated in Proposition
2.

Proposition 2. The optimal backloaded lay-off tax F is determined by its FOC:

11
F = —-—-b+BE(b 3.2
57 1t(D) (3.2)

PROOF: See Section 3.F.5 in the appendix.

The first component captures the fiscal externality of the unemployment in-
surance system. It reflects the expected UI benefits a worker receives upon entering
unemployment, and thus represents the fiscal cost that each separation imposes
on the UI system. BEj, is a bargaining effect - an expression acknowledging that

5. Note that €? in IE, denotes the productivity level at which financial constraints become bind-
ing for a constrained firm.
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setting F will have general equilibrium effects on other equilibrium variables
such as worker flows via the bargaining process. Note that the optimal lay-off tax
implements the efficient number of separations in unconstrained firms as shown in
Corollary 1.

Corollary 1. (i) Optimal Lay-off taxes fully eliminate socially inefficient separations
in unconstrained firms.
@ii) If p = O, then all inefficient separations are eliminated in the economy

PROOF: See Section 3.F in the appendix.

Note that our model extends the insights of Cahuc and Zylberberg (2008) and
Blanchard and Tirole (2008) by embedding optimal lay-off taxes within a modern
search-and-matching framework of the labor market. Both of these earlier studies
show that lay-off taxes can decentralize the social planner’s allocation in settings
that focus solely on the separation margin. By contrast, search-and-matching mod-
els feature both a hiring margin and a separation margin. In the absence of financial
constraints (i.e., when p = 0), our model confirms that the logic underlying lay-off
taxes - namely, their ability to correct the fiscal externality associated with unem-
ployment insurance - carries over to this richer framework by eliminating inefficient
separations. Jung and Kuester (2015) show that a combination of a vacancy subsidy
and a lay-off tax can decentralize the planner’s solution in a search-and-matching
model, as the vacancy subsidy additionally operates on the vacancy-posting margin.

3.3.3 The Optimal Short-Time Work Regime

Under the short-time work regime the Ramsey planner chooses sy, and €g.,
(through D). Again, we first turn to how the planner sets the level of UI benefits
b in the presence of the short-time work scheme. Setting the unemployment
insurance level b must balance the same trade-off as before.

Proposition 3. The optimal unemployment insurance benefit b given a short-time
work scheme (Sy,,,, €51,) must fulfill the following first-order condition:
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where L, denotes the social value of hiring an additional worker

n—ry 2.1 )
L,=——1 . J+=.b
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L¢,Lsand L £ denote the social value of a marginal match in a constrained firm, in an
unconstrained firm with access to STW, and an unconstrained firm without access to

STW,
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and MIE; denotes the total insurance loss from marginally increasing UI benefits in
constrained firms

ge e / N 7Y

) 1=p° \ ez u'(e”)
max{estwsec / ! W
’ Yy u (Cstw(e)) —u'(c")
4 AL dG(e) | -k
JEC ¥ D) (e) Y

s

PROOF: See Section 3.G.6 in the appendix.

As in the lay-off tax regime, the marginal social benefit of more generous un-
employment benefits (MUIB) must equal the associated marginal welfare losses.
These losses arise from three sources: fewer vacancies being posted (MLV), in-
creased separations in both unconstrained and constrained firms (MLS" and MLS®),
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and a loss of insurance in constrained firms (MIE). Importantly, constrained firms
feature two distinct separation margins. Matches may separate with short-time
work (STW) support at the threshold €;, or without STW support at &.

However, there is a key difference between the FOCs under the lay-off tax
regime (Proposition 1) and the FOCs under the short-time work regime. The lay-
off tax parameter F entered only the MLS" term, and the lay-off tax could only
counteract the adverse effect of unemployment benefits on separations in uncon-
strained firms. By contrast, the short-time work parameters (sq., €sw) appear in
all the terms except the MLV term. Unlike lay-off taxes, short-time work has an ef-
fect not only on separations in unconstrained firms, but can also act on constrained
firms, counteracting inefficiently high separations and inefficiently low insurance
provision.

The core problem for financially constrained firms is their inability to absorb
negative productivity shocks, which forces them to pass the resulting income loss
directly onto workers. If the decline in income is large enough, workers may choose
to quit. Short-time work functions as a subsidy that partially replaces this lost in-
come, thereby incentivizing workers to remain with the firm. Through this channel,
STW not only reduces inefficient separations, captured by the marginal social loss
from separations (MLS) terms, but also enhances income insurance by acting on the
MIE; term.

A second difference is that the eligibility threshold e, determines which firms
have access to STW, leading to the MLS®-term being split into two parts. If the eligi-
bility condition is strict, i.e., €4, < &}, then some firms that could otherwise survive
with STW support are excluded from the system. Naturally, UI benefits also influ-
ence the separation threshold without STW support. Moreover, if €4, is set even
more strictly to €g,, < €, then constrained firms are entirely excluded from the
STW system. As a result, unemployment insurance benefits can no longer influence
separations under the STW regime, eliminating the corresponding term from the
equation.

It is clear from Proposition 3 that short-time work has the advantage of acting
on the loss terms of constrained firms. On the downside, as argued in the bargain-
ing paragraph of Section 3.2.3, firms on short-time work will distort their working
hours, in turn leading to welfare losses. The Ramsey planner has to trade off the
benefits of short-time work as a tool that can counteract the fiscal externalities of
UI in both unconstrained and constrained firms and the adverse effects of hours
distortions. This is reflected in how optimal short-time work is set.

We begin by examining how the short-time work eligibility threshold e,
should be determined. The following proposition establishes that there are three
candidates for the optimal eligibility threshold. The optimal threshold can be found
by comparing the welfare levels induced by these three candidates. As discussed
in section 3.2.3, the optimal eligibility condition in terms of working hours D is
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uniquely implied by the optimal €y,

Proposition 4. Assume that the Ramsey planner never wants to use short-time work
to impede vacancy posting by destroying the efficiency of the match.¢ The optimal eligi-
bility threshold €, , is one of three candidates pinned down by the following conditions:

Candidate 1
Suppose it is optimal to set €y, = &; (letting all firms in need access short-time work).

If

MWL, +BEg,, > MIE (3.3)

Estw stw

then the optimal threshold is given by €y, = &.
Otherwise, the optimal threshold solves

MWL, +BEy,, = MIE (3.4)

Estw

Here, MWL, =n- ;e_n denotes the total welfare loss from marginally increasing

stw

STW benefits, and MIECEW denotes the marginal welfare gain from providing income

insurance:
u(cstw(estw)) — u(c(estw)) _ u/(CW)
Copry (Ecti) — C(Ecryy)
MIEZstw =n % -8(&st) - S u/(cvit)w - Lestw (Esen) — clEg) ]
Candidate 2

Suppose it is optimal to set €, < € with £ < e; (full exclusion of constrained firms
from STW). Then the optimal threshold is given by €,, = &

Candidate 3
Let I = [max{eg,éé‘},ig]. Suppose it is optimal to set €, €1 (partial exclusion of
constrained firms in need of STW). If

MWLY

LS (€g) > JWsjw + BEg,, Ve €l, (3.5

Estw
Social value of preserved match

Social cost of hours distortion
in unconstrained firms
per match retained

6. In principle, this could happen in extreme cases of deviations from the Hosios condition. In
this case, too many vacancies could introduce inefficiencies to such an extent that the Ramsey planner
would use short-time work to destroy vacancies. Since this is neither realistic nor the focus of our
analysis, we exclude this case. The formal corresponding assumption is stated in Section 3.G.5 in the
appendix.
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then the optimal threshold is given by €, = &_.
If

MWL
L) < o+ BEuyy Ve €1 (3.6)

Estw

then the optimal threshold is given by €, = max{eg, &¥'}.
Otherwise, the optimal threshold is given by €, that solves

u
JWSCGW + BEg, (3.7)

Estw

LE,E (eStW)

Here, L{(€y,) denotes the social value of an unconstrained match retained
by marginally loosening the participation constraint. MMSEW =n’- % - g(€4y) de-
notes the number of constrained matches retained with a looser eligibility condition.
MWL;‘SM =n’- l%p . aaefw denotes the additional welfare cost of working hours distor-
tions in unconstrained firms when loosening the eligibility condition. Finally, BE,, 5

captures general equilibrium effects through the generalized Nash bargaining process.

PROOEF: See Section 3.G.5 in the appendix.

To explain the economic logic behind Proposition 4 and why it can only char-
acterize candidates we first discuss the basic trade-off the planner faces. For this,
one intuitive additional result is needed, namely that constrained firms will always
separate at even higher productivity levels than their unconstrained counterparts
as stated by the following lemma:

Lemma 1. Constrained firms separate for at higher productivity levels than uncon-
strained firms:

C u C u
€; > €, and & > &

PROOF: See Section 3.H in the appendix.

Remember that any mass of firms on short-time work introduces socially sub-
optimal distortion of working hours into the economy. This makes it socially costly
to allow firms that would not have separated even without short-time work benefits
access to short-time work.

When choosing €., the planner therefore faces a trade-off. The threshold can
be set leniently enough to allow constrained matches that would otherwise separate
access to short-time work—that is, €y, > &;. However, in this case, a mass of uncon-
strained matches with productivity € € [ o estw] will also gain access to short-time
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work, even though they would not separate in the absence of the program, thereby
introducing socially costly distortions in working hours in unconstrained firms.

Alternatively, to avoid these distortions, the planner could choose to ignore con-
strained firms and set the eligibility threshold to €, = . At this threshold, uncon-
strained firms separate without access to short-time work. In this case, constrained
firms with € € [max{eﬁ, gt 5;] are excluded from the STW system even though
they are in greater need of support than unconstrained firms. Since which of these
is the lesser evil depends on the exact parameters, Proposition 4 can only character-
ize candidates for the optimal eligibility threshold.

With this in mind, we now turn to explaining the rationale behind each of the
three candidates for the optimal eligibility threshold. One possibility is that the eli-
gibility condition should be set so loosely that all firms in need of support can access
short-time work. In this case, candidate 1 is optimal. To provide access to short-time
work to all firms in need, €y, = & is sufficient. The question remains whether an
even looser eligibility condition can be optimal. Because short-time work can pro-
vide income insurance to workers in financially constrained firms even before the
match reaches the separation margin, it may be socially efficient to adopt a more
generous eligibility condition. However, this effect could be outweighed by the addi-
tional working hours distortion introduced to both constrained and unconstrained
firms, in which case the threshold remains at &¢.

Proposition 4 characterizes the conditions under which either of these cases is
optimal. Our numerical results presented in Section 3.5, indeed, show that quanti-
tatively, the distortion effect dominates and that €, = &; will be optimal.

A second possibility is to set the eligibility threshold to include only uncon-
strained firms that are actually in need of short-time work, thereby excluding all
constrained firms with a productivity level between & and & from the system. In
this case, candidate 2 is optimal. The optimal threshold is given by €4, = &}. As
argued by Stiepelmann (2026) €y, < £ cannot be optimal as this would exclude
the most productive firms in need of support from short-time work. Increasing the
threshold cannot be optimal either, as this would not impede additional separations
but introduce additional distortions in working hours.

A third possibility is that the eligibility criterion for short-time work (STW)
should be set sufficiently strict that some financially constrained firms are excluded,
even though STW is necessary to retain their workers, but not strict enough to ex-
clude all financially constrained firms. In this case, candidate 3 is optimal. In this
scenario, all unconstrained firms that require STW for worker retention can partici-
pate in short-time work, along with some that could survive without it. The Ramsey
planner must balance the social gains from protecting constrained firms through
a looser eligibility threshold against the additional hours distortions imposed on
unconstrained firms where STW is not needed to retain workers. This trade-off is
captured by Inequalities 3.5 and 3.6 and depends on the value of p.
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A higher p increases the share of workers in financially constrained firms. When
p is large, the social value of retaining these workers dominates the costs of dis-
torting hours in unconstrained firms, as the marginal cost of distortion MWLY,
declines with p while the number of constrained firms retained MMS;_ rises. In
this case, the eligibility threshold is set sufficiently loose to allow all unconstrained
firms for which STW is needed to retain workers to participate, i.e., €4, = &;. Con-
versely, when p is small, hours distortion costs dominate, and the planner effectively
ignores STW, setting €g,, = &|. For intermediate values of p, the optimal thresh-
old might balance the social benefits of worker retention against the social costs of
hours distortions in unconstrained firms. Our numerical results in section 3.5 show
that either the social value of worker retention or the social cost of working hours
distortion dominate for almost all values of p.

Next, we turn to the optimal level of STW benefits s, characterized by the
following proposition:

Proposition 5. The optimal short-time work subsidy s, is pinned down by the first
order condition

- TUI MIEEHW MWL
Sstw — b+
Terw ~ MMS,  MMS,

stw Sstw
- “—~—" Bargaining Effect
Fiscal Ext. Insurance Distortion

Sstw
+ BEstw 3
\V_./

Here, Ty = J% denotes the expected duration that a worker spends on the UI system,

Tsrw = % denotes the expected duration that a workers spends on the STW system,
c . . . . .

MIE, denotes the marginal welfare gain from increasing insurance provided to work-

ers in unconstrained firms:

MIE. =

n‘@) max{ oo} (u’ (Corw (€)) — U/ (™)
Sstw 1 —_ pC .
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Further, MWL, =n- a
from increasing STW beneﬁts. MMS; = MMS; ) +MMS§‘[ denotes the marginal
number of matches saved with an increase of STW benefits, where

1 _ u
MMS“W =n'- Tp (e;) -

s,
C

P

MMS; = I{ey, = €} -n’- =

Sstw

-g(e) -

asstw

denote the marginal number of matches saved in constrained and unconstrained firms.
The net-transfer of firms and workers is weighted by how many matches of constrained
and unconstrained firms can be retained with an increase in STW benefits:

MMS® MMSC

- Sstw
Sstw = Trra Sstw (h thW(eu)) tums. MMS
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PROOF: See Section 3.G.4 in the appendix.

Proposition 5 highlights both the forces that make more generous short-time
work attractive to the planner and the associated social costs. The most important
motive is the fiscal externality correction arising from the unemployment insur-
ance (UI) system. Short-time work helps internalize the fiscal externality that Ul
imposes on separation decisions in both constrained and unconstrained firms. In
unconstrained firms, STW reduces inefficient separations by lowering the cost of
insuring workers when the match is hit by a low-productivity shock. In financially
constrained firms, STW partly compensates workers for the associated income loss
and thereby reduces their incentive to quit.

The optimal level of STW benefits depends on the expected duration of time
Ty spent in the STW and UI systems. If the time a match spends in STW Ty,
is relatively long, the Ramsey planner sets lower benefits in order to encourage
reallocation toward more productive matches. Conversely, if workers tend to spend
a long time in the UI system, higher STW benefits become desirable, as preserving
the match and waiting for the firm’s recovery may restore productivity.

The second term reflects the insurance motive for short-time work. It shows that
short-time work can provide income insurance to workers in financially constrained
firms. Here, MIE;W denotes the marginal insurance effect—the total welfare gain
from increasing income insurance through higher STW benefits. As in the standard
optimal UI framework, the planner would ideally like to fully insure workers against
income shocks.

However, the Ramsey planner faces a trade-off: increasing short-time work bene-
fits improves insurance but simultaneously weakens separation incentives. This can
be a problem because with full insurance, labor does not get reallocated even for
very low levels of productivity, which is inefficient. The optimal level of short-time
work benefits therefore balances the insurance motive against the behavioral dis-
tortion arising from inefficient worker retention. This trade-off is reflected in the
formula by the fact that MIE;M is scaled by the marginal number of matches pre-
served when short-time work benefits increase MMS;__ . If short-time work is highly
effective at preventing separations, providing insurance through short-time work
becomes more distortionary, since higher benefits lead to a larger increase in ineffi-
cient retention. In this case, the optimal level of short-time work benefits is lower.

The main reason why the planner does not want to set short-time work benefits
too high is that short-time work distorts firms’ working hours choices, generating a
marginal welfare loss captured by the MWL, term. Since the planner trades off the
employment stabilization benefits of worker retention against the efficiency costs
from distorted hours, the marginal welfare loss MWL, is scaled by the marginal
number of matches preserved, MMS;__ .
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It is noteworthy how the Ramsey planner sets the average net subsidy 5., opti-
mally and then adjusts the actual benefits sy, to achieve this optimal level. Since
constrained firms have higher separation thresholds (e; > €), it will hold that fi-
nancially constrained firms reduce working hours less and get a smaller net subsidy:
Setw * (fl — hstw(eg)) < Sgrw * (i_l — hstw(e;‘)). The net subsidies are weighted according
to how many firms the Ramsey planner can save with an increase of short-time
work benefits (MMS;M)' Therefore, optimal short-time work benefits depend on
the share of financially constrained firms. As constrained firms receive a smaller
net subsidy, an increase in their share requires higher benefits to compensate for
the smaller reduction in working hours. At the same time, a higher fraction of con-
strained firms raises the marginal insurance gain MIE;SM, further increasing optimal
benefits.

3.3.4 Why Loans Cannot Replace Short-Time Work

The theoretical analysis shows that short-time work does particularly well when a
lot of firms are financially constrained. A common critique of using short-time work
to address inefficiencies arising from financial constraints is that such constraints
could instead be alleviated by providing loans to firms or workers. However, the
financial friction we consider cannot be resolved through the provision of loans.

In our model, the financial friction arises from the assumption that financially
constrained firms cannot write fully state-contingent contracts that insure them
against low-productivity realizations. Therefore, in low-productivity states, firms
do not have the resources to pay workers enough to sustain the match. However,
a Ramsey planner would prefer to retain some of these matches, as workers may
inefficiently quit in order to receive UI benefits. Providing loans does not resolve
this inefficiency because loans merely shift funds across periods and therefore do
not alter the fundamental surplus generated by the match and thus the financial
constraint.

To see this, assume the government offers a loan to the firm. For simplicity,
assume that the government loans a sum of L to the worker, who has to be repaid if
the firm gets productive in the next period and that does not have to be repaid if it
is not productive. We assume that the loan is fairly priced so that

L=B-A-R-L+p-0 & R= /51_A

Consider the impact of the loan on the financial constraint:
y(e,h(€) +L—w(e) = —B-[A-(J—R-L)+ (1 —2)-J(e)]

Inserting the fairly priced loan into the formula shows that loans do not alter the
financial constraint:

y(e,h(€) +L—w(e) = L—B-[A-T+ A —1)-J(e)]
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The loan proves ineffective. The reason for this is that loans do not alter the fun-
damental surplus of firms and workers. This is because the constraint faced by the
firm is not a simple liquidity constraint. To sustain employment, the joint surplus
of firms and workers must increase. Short-time work achieves this by compensating
workers for lost income when hours are reduced, thereby raising the joint surplus
of the match.

3.3.5 Comparing Lay-Off Taxes and Short-Time Work

Having disentangled how the Ramsey planner uses lay-off taxes and short-time
work to counteract the fiscal externalities created by unemployment insurance, it
is now time to determine which is the superior policy tool. From a theoretical point
of view, this cannot be definitively determined. While lay-off taxes do not introduce
any inefficiencies into the economy and can, in fact, induce the efficient number
of separations in unconstrained firms, they cannot counteract fiscal externalities
on constrained firms. Short-time work, on the other hand, can act on constrained
firms as well. This, though, comes at the price of distorted working hours. To
determine which is more effective in practice, we focus on the quantitative analysis
of the model in the remainder of the paper.

Corollary 2. If there are no constrained firms in the economy (i.e., p = 0), the optimal
lay-off tax increases welfare more than the optimal short-time work scheme.

PROOF: This follows from the fact that lay-off taxes introduce no distortions but can
fully eliminate inefficient separations in unconstrained firms. All inefficiencies that
short-time work can act on but lay-off taxes cannot, drop out when p = 0.

It is also clear that short-time work is the superior policy instrument if all firms
are constrained.

Corollary 3. If there are no unconstrained firms in the economy (i.e., p = 1), the op-
timal short-time work scheme increases welfare more than the optimal lay-off tax.

PROOF: This follows from the fact that the only inefficiency that short-time work
can act on, i.e., inefficient separations in unconstrained firms, cannot occur any-
more. Short-time work can still act against inefficient separations in constrained
firms and provide worker insurance.

In all cases with p € (0,1), it is ambiguous which of the two policy regimes
is superior without quantitative analysis, to which we turn next. It is clear, however,
that as p increases, lay-off taxes gradually lose their advantage over short-time
work. In the following sections, we turn to quantitatively assessing the relative
performance of the two policy regimes for different values of p.
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3.4 Calibration

We calibrate the model to the U.S. economy at monthly frequency. We calibrate for
CRRA utility, i.e. u(c) = %. For ¢, we set the standard value of 2. We set the la-
bor elasticity of the production function a to 0.65 following Christoffel and Linzert
(2010). The elasticity of matching with respect to unemployment 7 is set to the stan-
dard value of 0.65. As customary, we set the worker bargaining power 7 to 0.65 as
well to fulfill the Hosios condition (Hosios, 1990). Note that 0.65 is well within the
range of estimates reported by Petrongolo and Pissarides (2001). The disutility of
labor parameter v is set to 1.5 to target a Frisch elasticity of labor supply of 0.65
as in Domeij and Floden (2006).

We set the shock arrival probability A to 0.07, so that a firm will remain at
any drawn productivity level for 1/0.07 = 14.29 months on average. This choice
is informed by the estimate of yearly plant-level autocorrelation of productivity of
around 0.4 by Abraham and White (2006).7

The location of the productivity shock distribution u is set to —0.80 to normalize
the average wage w to 1. Since the effective dispersion of productivity shocks is
governed by the cost shock parameter ¢, which is calibrated internally, we set o to
0.12 following Krause and Lubik (2007).

The remaining parameters are calibrated internally. The calibration targets are
shown in Table 3.1. All targets are met exactly.

Table 3.1. Model calibration targets

Parameter Description Value
Worker flows

q Vacancy-filling rate 0.3381
f Job-finding rate 0.41
peff Effective monthly separation rate 0.03

Policy parameters

breP Ul replacement rate 0.45
Frep Lay-off tax coverage of Ul payments 0.5

Notes: b™P = % denotes the unemployment insurance (Ul) replacement rate, i.e. benefits b rela-
tive to the average wage w (normalized to 1 in the calibration). The lay-off tax coverage target is
reported as %Fcal , i.e. what fraction of expected Ul payments to a laid-off worker is covered by
the lay-off tax F.

7. In the model, the autocorrelation of productivity is given by 1 — A. Therefore, A = 0.07 im-
plies a monthly autocorrelation of 0.93, which implies a yearly autocorrelation of 0.42.
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For the purpose of calibration, we set p to 0.5. We target a UI replacement
rate b™P = V% of 0.45 as reported by Engen and Gruber (2001). Following Jung and
Kuester (2015), we target a lay-off tax coverage F**P of 0.5, which means that the
lay-off tax covers 50% of the expected UI payments transferred to a worker after a
lay-off.® Given these policy parameter targets to inform the calibration of b and F,
we calibrate the remaining parameters (matching efficiency m, cost shock scale ¢,
and vacancy posting cost k,) to match standard worker flow targets. Note that since

p is the probability of separation conditional on a new shock arriving, the effective
eff n-A-p+(1—n)f-p
h)

is the mass of matches at the beginning of a period. It includes the mass of already
existing matches n and new matches (1 —n) - f. Existing matches draw a new shock
with probability A, while all new matches draw a productivity shock and, like every
other match, will separate with probability p once productivity realizes.

Table 3.2 summarizes the calibrated and set parameters of the model.

separation rate p° is different from p. It is given by p¢f = , where n

Table 3.2. Model Parameters: Calibrated and Set Values

Parameter Description Value

Calibrated Parameters

m Matching efficiency parameter 0.383
Cr Cost shock parameter 0.407
R, Vacancy posting cost 0.086
b Unemployment benefit level 0.450
h Regular working hours level 0.953
Feal Lay-off tax 0.549

Set Parameters

¢ Coefficient of relative risk aversion 2
a Labor elasticity in production function 0.65
Y Elasticity of matching w.rt. unemployment  0.65
n Worker bargaining power 0.65
7] Disutility of labor parameter 1.5
A Shock arrival probability 0.07
u Location of productivity shocks -0.80
o Scale of productivity shocks 0.12
p Fraction of financially constrained firms 0.5

8. Since the expected duration of unemployment is 1/f, the expected Ul payments per unem-
ployed worker are given by ?, implying that F*P = FTf
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3.5 AQuantitative Results

3.5.1 Taking Ul as given

As a first benchmark, we compute the optimal lay-off tax and short-time work pa-
rameters chosen by a Ramsey planner who takes the calibrated Ul system (i.e.
b =0.45) as given. To calculate the Ramsey optimal policy parameters, we solve
the Ramsey planner’s maximization as described in Section 3.3.1 numerically. The
details are described in Section 3.J in the appendix.

Figure 3.1 shows the results for the optimal lay-off tax F across p € [0, 1]. The re-
sult is what FOC pinning down the optimal lay-off tax (Equation 3.2) lets us expect.
The planner exactly offsets the fiscal externality on unconstrained firms % -b. Since
this does not depend on p in any way, the level of the optimal lay-off tax F hardly
changes across p. The slight downward slope is explained by general-equilibrium
feedback effects in BE).(b). At p = 1, lay-off taxes lose their bite completely as they
can no longer target any inefficiencies. To illustrate this, we show the optimal lay-off
tax to be F = 0. In fact, any lay-off tax F € R, is optimal.

Figure 3.1. Optimal Lay-Off Tax
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Notes: Optimal lay-off tax F set by the Ramsey planner across p € [0, 1]. The calibrated Ul param-
eter of b = 0.45 is taken as given.

Figure 3.2 shows the Ramsey optimal short-time work parameters across p. The
way that the Ramsey planner sets the eligibility threshold reflects the trade-off de-
scribed in Section 3.3.3 under Proposition 4: While there are only a few constrained
firms in the economy, it is very costly to protect all firms, including constrained ones,
from premature separations. Setting the eligibility constraint high enough to allow
all constraint firms onto short-time work before they hit their separation threshold
&; will allow many unconstrained firms onto short-time work and collect windfall
profits, even though they would not separate without it. As discussed, this intro-
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duces inefficient working hours distortions, and as long as only a few firms are con-
strained, these distortions outweigh the benefit of protecting these few constrained
firms. The optimal eligibility threshold is therefore £ . However, as the mass of con-
strained firms grows along the x-axis of Figure 3.2, the benefits from protecting
constrained firms eventually outweigh the added distortion from protecting excess
unconstrained firms. At this point (p = 0.128), the eligibility condition jumps to the
threshold & at which constrained firms without short-time work separate.

Figure 3.2. Optimal Short-time Work
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Notes: Optimal eligibility threshold &, and optimal short-time work benefits s, set by the
Ramsey planner across p € [0, 1]. & is the separation threshold of an unconstrained firm without
access to short-time work. & is the separation threshold of a constrained firm without access to
short-time work. The calibrated Ul parameter of b = 0.45 is taken as given.

The optimal generosity parameter s, is increasing in p except at the kink at
p = 0.128. This is because, as discussed in the context of Proposition 5 in Section
3.3.3, the planner targets the average net subsidy. As constrained firms have less
margin to adjust their hours, this means that sy, has to rise in p as long as €4,
does not change much. Additionally, the planner can provide more insurance with
higher sg,, which becomes more valuable as p increases, also contributing to the
upward slope. However, when €, jumps to £, many more firms are suddenly on
short-time work, introducing greater hours distortion to the economy. To counteract
that distortion, the planner reduces the s, as the more lenient eligibility threshold
is introduced, explaining the kink.

Having established how the Ramsey planner sets both lay-off taxes and short-
time work, it is now time to discuss which is the superior policy tool. Figure 3.2
shows the respective welfare induced by the optimal lay-off tax and the optimal
short-time work schemes across p on the left. Unsurprisingly, welfare is decreasing
in p in both cases as higher shares of firms become constrained. As expected, when
there are no or only a few constrained firms, the lay-off tax is the superior policy
tool. Crucially, however, the slopes are different for the two policy regimes: as p
increases, lay-off taxes gradually lose effectiveness, leading to a faster decline of
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welfare. The two curves have different slopes and intersect at p = 0.275. The in-
terpretation is simple: If more than 27% of firms are financially constrained, short-
time work becomes the superior policy instrument; for smaller shares of constrained
firms, lay-off taxes are the better tool.

For better interpretation, Figure 3.3 shows consumption equivalent variation,
i.e., by what share consumption would need to be increased in the economy with-
out either short-time work or lay-off taxes to induce the same welfare level as the
economy with the respective optimal policy, on the right. To calculate consumption
equivalent variation AP we solve

u(CO . (1 + Apolicy)) = u(cpolicy)

where co =u""(W(0)) and cpqjicy = u~ ' (W(r")). W(0) is welfare without either
short-time work or lay-off taxes (with the calibrated UI parameter b = 0.45), and
W (™) is welfare under the respective optimal policy.

While welfare improvements in terms of consumption equivalent variation inter-
sect at the exact same point as raw welfare functions, they carry two additional mes-
sages. Firstly, the resulting improvements of the respective superior policy scheme
are substantial at every p, ranging around 1.25-1.75%. Secondly, as p increases,
short-time work becomes not only preferable to lay-off taxes, but improvements in
terms of consumption equivalent variation even increase. This stems from the effect
that short-time work helps firms provide insurance, which becomes increasingly im-
portant for higher p.

Aggregate outcomes of the economies associated with both policy regimes are
shown in Figure 3.B.1 in Appendix 3.B.

Figure 3.3. Welfare Comparison
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b = 0.45 is taken as given. Plot (b) on the right shows improvements of optimal short-time work
and optimal lay-off taxes over the economy without either of these two policies, but with the
calibrated Ul parameter in terms of consumption equivalent variation.
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3.5.2 Full Optimization

We now turn to the full optimization problem, where the Ramsey planner optimally
chooses either lay-off tax or short-time work parameters simultaneously with the
unemployment benefit. As a first benchmark, we compute how the Ramsey planner
sets the optimal unemployment benefit b absent both lay-off taxes and short-time
work. Figure 3.4 shows the result as a green dashed line. Without lay-off taxes that
could counteract the fiscal externality of the unemployment benefit, the optimal un-
employment benefit b is set to a lower level compared to the calibrated value of 0.45,
ranging between 0.35 and 0.36. It slightly increases in p, indicating that the plan-
ner values higher insurance more than lowering unemployment when faced with
more separations and therefore higher unemployment because of more constrained

firms.
Figure 3.4. Optimal Unemployment Benefits
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Notes: The optimal unemployment benefit b set by the Ramsey planner across p € [0, 1] without
either lay-off taxes or short-time work (dashed green line), while simultaneously setting the lay-
off tax (blue line) and while simultaneously setting short-time work (orange line) is shown in plot
(a) on the left. The resulting unemployment rate u across p in the three cases is shown in plot
(b) on the right.

Having established how unemployment benefits are set in the absence of supple-
mentary policies, we now turn to the problem of jointly optimizing the unemploy-
ment benefit b and the lay-off tax F. The first thing to note is that b is set consid-
erably higher than without supplementary policies for p < 1 as shown by the blue
line in Figure 3.4. This is because the planner now has the lay-off tax at her disposal
to counteract the fiscal externality of the unemployment benefit, which allows her
to set a higher unemployment benefit and thus provide more insurance to work-
ers. The second thing to note is that b sharply decreases with p until it reaches the
same level as without supplementary policies at p = 1. The reason behind this down-
ward slope is that with more constrained firms, the lay-off tax that can only act on
unconstrained matches becomes less and less effective at counteracting the fiscal
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externality of the unemployment benefit. This forces the planner to set a lower un-
employment benefit to reduce the externality. Indeed, as the right panel of Figure
3.4 shows, the unemployment rates associated with the regime with no supplemen-
tary policies and the regime with the optimal lay-off tax converge as p increases
until the two curves meet at p = 1 as well.

A secondary effect of this is that the optimal lay-off tax F shown in Figure 3.5
also decreases in p as the planner sets lower and lower unemployment benefits
and thus has to counteract a smaller and smaller fiscal externality in unconstrained
matches. At p = 1, the lay-off tax loses its bite completely, and the planner sets the
same unemployment benefit as without the option to set a lay-off tax.

Figure 3.5. Optimal Lay-Off Tax
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Notes: The optimal lay-off tax F across p € [0, 1] when the Ramsey planner optimally chooses
the optimal lay-off tax F and the optimal unemployment benefit b simultaneously.

Next, we turn to the joint optimization of the unemployment benefit b and the
short-time work parameters €, and s,,. Like with the lay-off tax, the optimal un-
employment benefit b with short-time work shown in Figure 3.4 as an orange line
is set at a higher level than without supplementary policies. Unlike with the lay-off
tax, however, the optimal unemployment benefit b increases with p. The reason for
this pattern is that with more constrained firms, more matches are at risk of sep-
aration, leading to higher welfare gains from providing insurance through the un-
employment benefit. Since short-time work remains effective at counteracting the
fiscal externality of the unemployment benefit even with more constrained firms,
the planner is not kept from increasing b by increasing the number of separations
as with the lay-off tax. As the right panel of Figure 3.4 shows, the unemployment
rate under the short-time work regime remains much lower for higher p than in the
other regimes as a result.

This dynamic also explains how the optimal short-time work parameters €,
and sy, shown in Figure 3.6 are set differently than in the case without optimizing
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Figure 3.6. Optimal Short-time Work
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Notes: Optimal eligibility threshold €, and optimal short-time work benefits s, set by the Ram-
sey planner across p € [0, 1] while setting the optimal unemployment benefit b simultaneously.
& is the separation threshold of an unconstrained firm without access to short-time work. & is
the separation threshold of a constrained firm without access to short-time work.

b discussed in the previous section. The qualitative patterns of the optimal eligibil-
ity thresholds persist: the planner still initially sets €., = £ before transitioning
to €4 = &; as p increases for the same reasons described in Section 3.5.1. How-
ever, there are quantitative differences. Both £ and with it the eligibility threshold,
now increase with p, reflecting that higher unemployment benefits lead to higher
separation thresholds and thus firms are in need of support sooner. Meanwhile, the
optimal short-time work generosity parameter sy, increases far more steeply in p
than in the case where b is held fixed. This sharp increase arises because the higher
unemployment benefits amplify the fiscal externality that the planner must coun-
teract, necessitating a much higher short-time work generosity to keep the average
net subsidy at the optimal level.

Finally, we compare the welfare of the optimal lay-off tax and the optimal short-
time work when the Ramsey planner optimally sets the unemployment benefit b
simultaneously. Figure 3.7 shows the results. As expected, the welfare of both opti-
mal policies is higher than without optimizing b. The improvement over an economy
with calibrated UI parameters but without either lay-off taxes or short-time work in
terms of consumption-equivalent variation is substantial especially for higher val-
ues of p. The improvement over the benchmark economy with only the calibrated
unemployment insurance and neither short-time work nor lay-off taxes is around
1.6% with short-time work instead of around 1.25% and is close to 1.8% with lay-
off taxes instead of around 1.75% for p = 0. In particular, in the case of full opti-
mization, short-time work becomes the superior policy instrument at an even lower
share of financially constrained firms of p = 0.236 compared to p = 0.275 when b
is held fixed.
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Figure 3.7. Welfare Comparison
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Notes: Plot (a) on the left shows welfare across p € [0, 1] of the economy with the optimal lay-
off tax and the optimal short-time work regimes, respectively, while the Ramsey planner opti-
mally chooses the optimal unemployment benefit b simultaneously. Plot (b) on the right shows
improvements of optimal short-time work and optimal lay-off taxes over the economy without
either of short-time work or lay-off taxes, as well as without setting b optimally, but with the
calibrated Ul parameter in terms of consumption equivalent variation.

3.6 Conclusion

We set out by asking the simple question, which of the two policy tools that policy
makers in many countries already employ - lay-off taxes or short-time work - is
better at counteracting the fiscal externalities of unemployment insurance. While
existing literature emphasizes desirable properties of lay-off taxes, we show that
their effectiveness is highly sensitive to the assumption that firms are unconstrained
in their ability to smooth shocks.

By introducing firm-level financial constraints into a rich yet tractable Diamond-
Mortensen-Pissaridis search-and-matching framework (DMP) with endogenous sep-
arations, risk-averse workers, and flexible working hours, we show that lay-off taxes
struggle with counteracting these externalities when firms are constrained. Short-
time work schemes, on the other hand, can act on constrained firms but have the
disadvantage of introducing new inefficiencies into the economy through distorting
working hours.

Our theoretical analysis, grounded in a Ramsey policy approach, delivers closed-
form expressions for optimal lay-off taxes and STW subsidies as a function of the
share of financially constrained firms. We show that lay-off taxes are the superior
policy instrument with no or only a few financially constrained firms, but that short-
time work benefits are better if sufficient firms are financially constrained. Quanti-
tatively, we find that when 27% or more of firms are financially constrained, short-
time work dominates lay-off taxes in welfare terms. If the level of unemployment
benefits is optimized simultaneously, this threshold falls to 24%.
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Policy recommendations must therefore depend on the prevalence of financial
constraints in an economy. Anecdotally, it seems highly plausible that in the U.S.,
where a lay-off tax is implemented through experience-rated unemployment insur-
ance, financial constraints play a smaller role than in countries like Germany or
France with less developed financial sectors and smaller firms where short-time
work is widely used. Empirically determining the exact extent of financial con-
straints in different countries and the implications for optimal policy is therefore
key.

Another interesting way forward is to explore how our results change over the
business cycle. If the extent to which firms are borrowing-constrained or the share
of constrained firms changes in downturns, there could be a case for relying more
on short-time work during downturns and more on lay-off taxes during good times.

We believe this offers a promising direction for future work.
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3. Appendix

3.A Table of Model Parameters, Variables and Functions

Table 3.A.1. Model Parameters, Variables and Functions Part 1

Symbol Description

Mass of employed workers

Mass of unemployed workers
Mass of posted vacancies

Labor market tightness
Job-finding rate

Vacancy-filling rate

Separation rate

Separation rates (unconstrained/ constrained)
Separation with lay-off tax
Separation via bankruptcy
Probability firm is constrained
Probability of productivity shock
Productivity shock (lognormal)
CDF and PDF of productivity shocks
Matching function parameters
Total factor productivity

Output elasticity (hours)

Inverse Frisch elasticity

Vg Mass of firm owners

h Reference hours under STW

D Eligibility threshold for STW

Estw Productivity threshold for STW

b Unemployment benefits

F Lay-off tax

S Lump-sum tax per shock

Sstw STW subsidy per hour gap

R, Cost of posting a vacancy

n Bargaining power of workers
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Table 3.A.2. Model Parameters, Variables and Functions Part 2

Symbol Description

u/c unconstrained/ constrained

m(v, n) Matching function

o(h) Disutility of labor: q:ﬁ

u(c) Worker utility from consumption net of disutility
y(g, h) Output

z(g, h) Output net of disutility (cons.-eq. units)

z(€) Shorthand for z(e, h(g))

Zg(€) Output net of disutility under STW hours

ut Average utility of a worker at a constrained firm
et Average total wage net of disutility paid at a constrained firm
0(e) Welfare Costs STW in match at productivity &

o8 Average welfare loss STW in unconstrained firms
o8 Average welfare loss STW in constrained firms

Q Average welfare loss net of disutility of all firms
h(e) Hours worked (non-STW)

hep(€) Hours worked under STW

" Constant consumption-equivalent wage

c“(e) Constrained consumption wage

cla(e) STW-constrained wage

w(g), wé(e)
Wepy, (€), Wey (€)
Vvi(e), ve(e)
Ve (€), Veru(€)

(Monthly) Wage functions (u/ ¢, no STW)
(Monthly) Wage (u/ c) under STW
Worker value (u/ ¢, no STW)

Worker value (STW)

Expected worker value

Value of unemployment

Firm value (u/ ¢, no STW)

Firm value (u/ c) under STW

Expected firm value

Separation thresholds (u/ ¢, under STW)
Separation thresholds (u/ ¢, no STW)
Productivity where constraint binds
Mass of matches receiving new shock
Mass of workers at u/c firms
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3.B Aggregate Outcomes

Figure 3.B.1. Aggregate Outcomes
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Notes: Aggregate outcomes for the different policy regimes taking the calibrated unemployment
benefit level of b = 0.45 as given against the share of constrained firms, p. The red lines are
associated with a regime with no lay-off tax and no short-time work, the blue lines with a regime
with optimal Ul benefits, and the orange lines with optimal short-time work. (a) Unemployment
rate, (b) separation rate, (c) job finding rate and (d) output.
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Figure 3.B.2. Aggregate Outcomes - Full Optimization
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Notes: Aggregate outcomes for the different policy regimes (calibrated Ul, optimal Ul, optimal Ul
with optimal LT and optimal Ul with optimal STW) as a function of the share of constrained firms,
p. (@) Unemployment rate, (b) separation rate, (c) job finding rate and (d) output.
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3.C Equilibrium Lay-off Tax

3.C.1 Bargaining

Nash-Bargaining Problem:

max Ja-m (\7 — U)n

wit(e),we (€),ht (e),he (€), €Y €
subject to
(1) Financial constraint of financially constrained firms:
y(e,h(€) —wi(e) + B -[A-T+ A —21)-J()] = 0

(2) Commitment problem (Worker):

Vé(e) > U, V%€ >0
First of all, note that we can rewrite the financial constraint as

2e)—c(€)+p-[A-T+A—2A)-J)] >0

Second, we can integrate the commitment problem of the worker into the value
functions for the firm and worker surplus. For i € {c,u}, we can rearrange the con-
dition as:

udE@)—ud+A—-p-V-0) =0

Let ei’Cp denote the threshold at which the worker wants to separate unitarily:
u(c' (PN —u®) +A—f-p-V-U) =0

We can rewrite the value functions of the firm and the surplus of the worker as:

J=-1
2 z(e)—c(e)+A-B-J
( P Jmax{e?’B,e?’Cp} 1-5-0-2 (©
+(1-p)- G(max{e;"B,e;"Cp}) -B-F
oo z(e) —c(e) +A-B-J
+p- dG
P fmaX{EE’B,E?CP} 1- ﬂ -(1-2) ©

+p- G(max{e“?, e>P}) - pB-F

s 27s

- °° u(c“(e)) —u®) +A- B - (V—0)
V—U)=(1-p)- 4G
( ) ( p) Jmax{ez"B,e;”CP} 1—-B-(1—2) (e)
= u(c(€) —u) + A-p - (V—U)
+p- dG
P fmax{eﬁ’B,eg’Cp} 1-6-0-2) (&)
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Note that ei’B denotes the separation threshold in the bargaining outcome. Sep-
arations occurs either when the productivity falls below the bargained separa-
tion threshold or when the commitment constrained of the worker is violated
€< max{eg’B, €.}, Finally, note that it is equivalent to maximize over w'(e) and

ci(e) as

@ = wie) — ¢ (h'(e)).
Set up Kuhn-Tucker Problem:

max B
ce(€),c(€),he (e),hu (e),e P

where
=) (V-v)"

—f M) [2(6) = (&) + B -[A-T+A—f)-J(e)]]de
0

With Kuhn-Tucker conditions for a maximum:

(D ) <0
D #e) [z(e)—c(e)+p-[A-T+A—-1)-J()]] =0

OB v—-u\"
Zee —(A=mn)-Q—p)-gle)- (T)
7\
+n-(1—p)-gle) -u'(c"(e)) - (m)
=0
— 1_77’%] =i (M) = U (M) =™

Note that the firm wants to perfectly insure workers against idiosyncratic productiv-
ity shocks as long as they are unconstrained.
Define the joint surplus as

. - V-U
S=J+
u'(c)
The resulting surplus splitting rule gives:
. V-uU i
J=(1_T’)'SJ _n'S

w(c)
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<!

uy

J '
+(1—m-ﬂd-w@%d)lﬂ(———)

J R
e —(1—=p)-gle)-(1—mn) (

UJI‘

<!

—-U
+ A (€) =0

Insert the surplus splitting rule:

1
+0-p)-gle)-u' () n

n n
= —(l—p)-g(E)( _n~u’(cw))

_ 1—m
+/fl(e)-(u/(cw)-1Tn) -0

1-n
< (1—p)-gle)-n- (u/(cc(e)) — u’(cW)) = —H(e) - (u'(c“) ) %)

Note that if c°(e) < ¢”, then the RHS of the equation is positive due to risk aversion.
Thus, firms and workers gain joint surplus until ¢°(e) = ¢".

If

2E)—c"+B-[A-T+A—-A)-J()] =0
then the constraint is non-binding and .# (¢) = 0. v’
If

2@)—c"+B-[A-T+A—2A)-J)] <0

then the constraint is binding and .# (¢) < 0. V'
Thus, it is optimal for the firm to pay as much as it can:

JE) =z()—cE@+p-[A-J+QA—-1)-J()] =0

S fe)=z)+A-B-J

Using the surplus splitting rule, the Nash-Bargaining problem can be simplified to

max Q=@ W )n"-S
wt (e),we(€),hu (e),hc(€),€4 €5
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That is, we just have to maximize the joint surplus with the remaining contracts:

S=—1
+u—m~fm 2(€) + “G — ¢+ A= f) S
max{el”? e P} 1-p-0-4)

—(1-p)- G(max{e;"B,eé"q’}) -B-F
%) () —u(b) C

by [ O Toe — A0 HBS
o 1-6-(1—-2)

N f 50 + SR @+ Q=N S,

p- €

max{e>?,e-P} 1--(01-2)

— (1—p) - G(max{e*?,e5P}) - B - F
The FOC for working hours in unconstrained firms is:

0B
Jdht(e)

dy (e, h*(e))
Jdht(e)

= (1—p)-g(e) ( —qb’(h”(e))) =0

dy (e, h*(e))

AR AUNG)

The FOC for working hours in constrained firms is:

0B . . E)y(e,hc(e))_ [ e 'u’(cc(e)) _
s = pegte) R - gaen ) L = o
dy(e,h°(€)) ., .
oo ¢’ (h°(e))
Suppose that €% > ¢*%
OB 1N oeuhy. 1 (b, U@ —u®)
dett (1=p)-ge™) [1—/5-(1—1) (st + (e

—cW+(A—nf)~/3-S)+/5-F] =0

u(c™) —u(b) B

M +A=nH)-B-§=0
u'(c¥)

= 2" +(1-B-Q—-N)-B-F+

Insert free-entry Condition:

u(e) —u® _ l—nf.(kv) — 0

wb —B-(1=2)-8-
2 +(1-p-1-1)-B-F+ o g
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Note that workers do not have a commitment problem e;"B > e;"?, as workers would
never quit under the insurance constraint of the firm:

VEe)—U=ul™)—u®+A—H-p-(V-U) >0

Workers in unconstrained firms always have a positive surplus!
C,C]
Suppose that eg’B > eo?

u (cC (eg’B)) —u(b)

u'(cv)

0B

c,B
Je

1
1-p-(1—-2)

= —(1—p)-g(e) - [ . (Z(eﬁ’B) +

—cc(e‘;’B)—l—()L—nf)-ﬁ ~§)+Fi| =0

u(c(e“®)) —u(b)

u'(c")

= 2B +(1-p-Q-N1)-B-F+ €)Y+ A—nH-B-S=0

Insert free-entry condition:

Cc(~CBYY __ b —
u(C (Es )) u( ) —CC(ECP) + A nf . ]& =0
u'(cv) ’ 1=n ¢

The participation constraint of workers can be written with free-entry condition as:

2B +(1-B-Q—-N)-B-F+

u(c(e;™)) —u(b) A-=nf) k _

wey 1-n q
Note that to avoid paying future lay-off taxes, firms would like workers to stay
within the firm for negative surplus values. Thus, the worker decides to leave the

. . C,C
firm unilaterally eg’B <eg?.

z(e7P) + 0

c“(eP) +

3.C.2 Job Creation and Wage Equation
The notation of this section follows Appendix 3.E for lay-off taxes.

(I)  Value of an unconstrained firm after the idiosyncratic productivity shock has
realized:

JUe) = z(e)—c"+ B - [AT+ A —A) - Je)]
1 _
= J4 = - —"Y+A-B-J
(e) 1_/5_(1_1)[2(6) ¢ p-J]
(I)  Value of a constrained firm without binding constraints after the idiosyncratic
productivity shock has realized:

JE) =z ="+ B [AT+ Q-1 -J()]
- — 1 — W BT
e J() = 1_/3_(1_/1)(2(6) M+ A-B-T)
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(I11)  Value of a constrained firm with binding constraints after the idiosyncratic
productivity shock has realized:

J€) = z(e) —c"(e) + B -[AT+ QA — 1) -JU(e) ]

C — 1 — v BT
e Je) = 1_ﬁ.(1_1)(z(e) e +A-p-J)

(IV) Value of a firm before the idiosyncratic productivity shock has realized:

oo oo

J4(e)dG(e) +p - f J(e)dG(e) —p - F

€

j=—T+(1—p)-J

65
Inserting (I)-(IIT) into (IV) gives:

P S
1-f-1-2)
+(A—p) A-p-J|—Q—p)-p"F

s J=-—1 [(1—p)-z—(1—p)-(1—p“)'cw—p-(1—pc)-e‘:

Here z denotes the average production (without distortions) and e denotes
the average cost of a constrained worker for a firm. Both are defined in sec-
tion 3.E of the appendix.

(V)  Value of an unconstrained worker after the idiosyncratic productivity shock
has realized:

Vie) = u@) +B-[AV+A—1) - V()]
1 _
& Vie) = ————— "Y+A-B-V
(e) 1—/5~(1—)L)(u(c) B-V)
(VI) Value of a constrained worker without binding constraints after the idiosyn-
cratic productivity shock has realized:

Ve(e) = u(@) +B-[AV+ A —1) - V(e)]

1 _
S v = — Y+ A6V
(e 1_/5.(1_A)(u(C) V)
(VII) Value of a constrained worker with binding constraints after the idiosyncratic
productivity shock has realized:

Ve(e) = ul@ (@) +B-[AV+A—1) V()]

& Vi) = (u(c @) +1r-p-7)

N
1-p-0-24)
(VIII) Value of a worker before the idiosyncratic productivity shock has realized:

oo

V=(00-p J V'(e)dG(e) +p J Ve(e)dG(e) +p - U
el &

s
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Inserting (V)-(VIID) into (VIII) gives:
- 1
e V= ————M 1 (1 — 1—o") - u(™)+p-(1—=0°-u
1_/3_(1_70[( PA—pY) - uE) +p-A—p9-u
+6-[a=p)-A-p-V+p-U]]
u‘ is defined as the average utility of a worker in a constrained firm. Its defi-
nition can be found in appendix 3.E.

(IX) Unemployment:
U=u®+p-[f-V+A—f- U]
Next, we turn to calculating the joint surplus.

A) First, let us calculate the surplus of the worker after the idiosyncratic productiv-
ity shock has been realized:

Vi) —U = u(d@)—ud) + A—f -V +A—H-p-V—QA—f-p-U
& ViEe-U=ud@@—-ud+A—H-p-VE@-D+A—-H--V-U)
i _ 1 o)) N6 (T —
e Vi@ -U = gy @) —u®) + A= - - V= 1)
B) Next, we calculate the expected surplus of the worker, before the shocks have
been realized:

V—U = (1—p)-J (v¥(e) - ) dG(e)+p-f (Ve(e) —U) dG(e)

C

s S

1 u uy
= m[(l—P)‘(l—P ) (U(C) u(b))

+p- (1 —p9) - (ul) —ub®)
+(1—p)-(x—f)-/5-(V—U)]

C) Next, we can calculate the joint surplus from the expected value of a worker for
a firm and the expected surplus of the worker:

- V—-U
S_J+u’(c“)
= — +; Q-p)-
Y =) A
+(1_p).(1_pu).(w_cu)
u'(c4)

) —u(b
rp g (MO0 )

- V-U
+(1—p)-7t-/5-J+(1—p)-(7t—f)-/5-u,(cu)]—p-ﬁ-F
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Using the surplus splitting rule, we can rewrite the equation above as:

se i1 Jap
- TTTiSpa-nls P

+(1_p).(1_pu).(w_cu)
u'(c4)

) —ul
+p- (1—PC) . (—U(Cu),(cul)l( ) —ec)
+(1—p)-(/1—nf)-/5-5}—p-/5-F

Next, we want to replace the tax in the surplus equation. We can do this by using
the budget constraint of the government:

n-t=-n"-p-F+(1—n)-b

1—n
& 1=—p-F+ b

nS

s A
Insert n® = ‘n
1-p

1 1—

= T:p-F+z-(1—p)- n-b

Inserting it into the equation for the joint surplus gives:

I S SRR SR et A £ Gl Rl L )
S—l_ﬂ_(l_k)[(l P) (z " b)+(1 p)-(1 p)( D) c)
<y —u(b
+p-(1—p€)-(M—eC)m—p)-(x—nﬁ-/3-8]
u’(c%)

1 1—
—5A=p)- = b+p-A—p)F
n

Next, insert the free-entry condition: % =f-J

1L ko P Ha_p.
1-n'q¢ 1-6-0-2 [(l p):z
u(c) —ub) cW)

u'(c”)

+(1—p)~(1—p“)-(

Y —u(b
- p- (D))
A—nf k
+(1—p)~( T)f——v”
I-n ¢

B

1—
— S Q=p)- = btp-p-A—P)F
n
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The subsequent derivation of the wage equation is completely analogous to the
derivation under STW regime described in Section 3.D.2. The wage equation thus
reads:

") —u(b
(1—p)-(1—p“>-(1—n)-(M+n-cW) =
u'(c”)

n-[Ql-—p)-z2+1A—p)-0-k,]

_ 1—/3.;1—1) d—p)- 1—n b
n
1--1—2
) —u(
—pp A (MO )
u'(c")
3.0 Equilibrium STW
3.D.1 Bargaining
Nash-Bargaining Problem:
max Jn (=)

wh(€),w° (€),Wg, (€)W, (€),

h*(e),h(€),hy,, (€),hs,, (€),

Stw Stw
u C u C
€;,€5,84,E;

Subject to:
(1) Financial constraints of financially constrained firms:
YEehE@) =wie) = p-[2-T+1=2) s ()]
y(eﬁhstw(e)) _Wgtw(e) > /j . [A T+ (1—21) _J(S:tw(e)]

(2) Workers have a commitment problem:

U> Vi), U> VL (e)

stw

U> V(e), U> V. (e)

Stw

Second, we can integrate the commitment problem of the worker into the value
functions for the firm and worker surplus. For i € {stw,no stw} and j € {u,c}, we
can reformulate the condition as:

u(d() —u®) + A= -p-V-1) 2 0

Let ei’Cp denote the threshold at which the worker wants to separate from a firm
with STW support:

u(d (e ™ P)) —ud) + A—f)-p- (V—1) = 0
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Likewise, we can determine the threshold at which workers leave firms without
STW support, £, as

(&) —u® +A—f-p-{V-U) =0

We can rewrite the value functions of the firm and the surplus of the worker as:

- « 1 ]
J=—-1+0-p)- —_—— —c'(e) + ABT)dG
T+(1-p) Umax{gw o T B AD (2(e) — c"(e) + ABT) dG(e)
max{e“? e ? e} 1
+ — + ABJ)dG
Jmax{ew oy T A= GO~ G (@) £ AR) (6)]
« 1 ]
+p- ——  (2(e) — (&) + ABJ)dG(e)
g U max(E?, 5%, ey} 1 TP (1= A) ( #)
max{e“?,e? e} 1
-_ ABJ)dG
* fmax{eCB ccp} 1-— /j ° (1 — A{) (ZStW(e) SIW(E) + ﬂ ) (6):|
V-0
= 1 . _
=0-p)- [Jmax{ggﬁ’g oo m (U(C €)—u®d) +ApWV— U))dG(E)
max{e! Estw ) 1 .
+ fmax{e”B o 1= =n (u(cty, (€)) + Ty (h — hy (€) —u(b) + AB(V — U))dG(E)}
= 1 . ]
+p- [Jmax{gjﬁ,gj"?,eﬁw} m (U(C (€) —ul) + ABWV — U))dG(e)
max{e Estw)
: 1 C - ) -
' Laxtcs T ) i) ) + 2807 )00
Note that £“%, £9P, e'# and e denote the separation thresholds at bargaining out-
come.

To be consistent with the bargaining problem under lay-off taxes, we assume that
le and £;P are exogenous to the bargaining problem.

Note that we can rewrite the problem so that we optimize over consumption equiv-

alents instead of salaries. cétw(e) denotes the consumption equivalent paid from the

firm to the worker on STW. c'(€) is the consumption equivalent consumed by the

worker.

-\1— =
max (7) 7. (V- U)n
c(e), " (e), et (€), ¢y (6,
Rt (€), h(e), hl,,, (€), hS,, (6),
N N
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Financial constraints of financially constrained firms
y(e,h) —wie) = p-[A-T+ A —2) J(e)]

¥(€, hg(€)) =S, (&) = B-[A-T+ @A —A) -, ()]

Set up Kuhn-Tucker Conditions:

@) (v-v)""- J M) [2(e) =€)+ B - [A-T+ A= 1)-F(e)]]dG(e)
0

— J My (€) [ 25 (€) — ¢, (€ + B - [A-T+ A —2) - I, (e)]]dG(e)
0

With Kuhn-Tucker conditions for a maximum:

(AQ) A (e) <0
() (e)[2(e) —c(e)+ - [A-T+ Q-1 -J(e)]] =0

(B{i) A5 (€) <0

(i) A (€) [ 250 () — S (€) + B - [A-T+ (1= 1) - JS, (&) ]] =0

FOC for c*(e):

0B v—u)"
2 —(1—=mn)- QA —p)-gle) (T)
A\
+n-(1—p)-gle) - (c"(€) (m) =0

Unconstrained firms want to insure workers against idiosyncratic productivity

shocks, outside STW:

1-n V-U
- 7T U (M) = () = () = (™

FOC for ¢, (€):

0B v—u\"
Ga @ —-1-mQA-p) ~g(e)(T)

o\
+n-(1—p)-gle) - u'(cy, () 1 (m) 0
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Unconstrained firms want to insure workers against idiosyncratic productivity
shocks, also on STW:

— ]'_Tn . %] — u’(c“(e))
5 (@) = W (D) = 1@

FOC for c“(e):

7 n
% =—c1—p)-g(e)-(1—n)~(u)

acc(e) J
o\
1—p)- U (cE | ——
+ (@1 —p)-gle)-u'(c(e)) - n (V_U) + M (€)
=0
Insert the surplus splitting rule:
n n
—(1—p)-gle)- ( -u’(cw))
1—n
1— |
+(1—p) -g(e)-u’(cC(e))-n-(—”- )+/fl(e) L0
1 u’(cv)

1-n
=  A-pgle)n (W) —u'") = —Ae)- (”’(cW) : ﬁ)

Note: If ¢“(e) < u/(c"), then the RHS of the equation is positive.

Thus, firms and workers gain joint surplus until c°(e) = c".

If
2€) ="+ B [A-T+A—1)-J)] = 0,

then the constraint is non-binding and .# (¢) = 0. v/

If
z2(e)—c"+B-[A-T+(1—A)-J(@)] <0,

then the constraint is binding and ./ (¢) < 0. v’

Thus, it is optimal for the firm to pay as much as it can:

JE =z —c@+p-[A-T+A—-A)-J()] =0

= e =zE&)+Ar-p-J
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Using the same arguments, we get that under STW
Cew(€) = ¢ if the financial constraint is non-binding,
and

Corw(€) = €4y (€) + Ty - (R — gy (€)) + A - B -J  when it is binding.

Using the surplus splitting rule, we can simplify the Nash-Bargaining problem to:

max A=W @™ -m-S
Rt (€),h¢ (€), Rl (€),hS, (€), EY,ES,EL ES

That is, we just have to maximize the joint surplus:

S=-1
+(1—-p)- Jm:{gg’ﬂ,ggw,estw} m(z(e) + % —"+QQ=n-H-p -S)dG(e)
T J mm{{}} raRtO e
+ Ty (A — by (€0) + (1 =1 - ) - B - §)dG(e)
+p-£;o m(z(e) + %_CW.F A=n-H-B -S)dG(e)
+p- fl:;{gg,ggw,eslw} m(z(e) + % —cE@+0—=n-H-B 'S)dG(e)

Xy
€ P

max{ei, s ,Es(w} 1 ( ( ) u(cgtw (6)) _ u(b)
+p- — (g6 + ——————
P max{e¢,e; "} 1-— /5 -(1-2) * u'(cv)

—c@+ =7 -p-8)dG(e)

Note that without financial constraints, the firm smooths the consumption equiva-
lent consumed by the worker:

¢ = (€) = % (€) + Ty - (h— gy (€))

{=> C?tw = CW - TS'[W : (fl - hstw(e))

STW makes it less expensive to smooth consumption equivalents consumed by the
worker.
The FOC for working hours in unconstrained firms outside STW is:

oB . (9y(e,h"(€) _
e (1—p)-g(e) (—3h“(e) ¢'(h (e))) =0
a ’hu ! u
9y(e,h'(e)) _ o' (h(€))

Jdht(e)
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The FOC for working hours in constrained firms outside STW is:

oRB (¥R () ., . ‘u’(cc(e)) B
ohce) T 8(e) ( dhe(e) ¢ (e))) wen 0
dy(e,h°(e))  ,, ..

The FOC for working hours in unconstrained firms on STW is:

0B dy(e,h, (€) . ~ -
e = 0P s (T e ) =0
dy(e, hy, (€) )
SR = P +
stw

The FOC for working hours in constrained firms on STW is:

0B _ . (9y(eh€) oo u'(c(e) _
g =P8 (T H @ ) T =0
dy(e,h°(e)) ., ..
o ' (h°(€)) + Torw
Suppose that

B B
max{é’;" > g;l,cp, estw} = ‘5?’

Then the FOC for the separation threshold of the unconstrained firm without STW
support is:

OB _ _1_p. B;( wpy WD) —u®) o .-)_
ped = 0P e T (@ T~ GBS ) = 0
— Z(gu,B) 4 u(c”) —u() — "+ (l_nf) . ﬂ .$=0
’ u'(c)
Insert free-entry Condition:
S(E0P) 4+ g(get) + WO UO) o A1) K
s s u’(cv) 1—n q

Note that 5;"3 > &P must hold, as workers would never quit under the insurance
constraint of the firm:

VEe)—U =ul™)—ub)+A—F-B-(V-U) >0

It always gets positive surplus!
Suppose that

B B
max{&;”, P, egw} = &7
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Then the FOC for the separation threshold of the unconstrained firm without STW
support is:

u(c°(€%B)) —ub)

u'(cv)

0%
a gC,B

=—a—pyg@?y[ EGor

1
1-B-1-2
—&@?)+u~wﬁyﬁ~ﬂ]=<>

u(c“ (&%) —u(b)

u’(c")

= &N+ —EER +A—nfH)-B-5=0

Insert free-entry condition:

u(c(EL%)) — u(b)

u'(c")

0
1-n ¢

2(EP) + — (P +

The participation constraint of workers can be written with free-entry condition as:

cEory ¢ AT K
1-n ¢

u(c (&™) —u®)

c,cp
2(E0) + D)

Note that these are the same conditions. This implies that given the inability to in-
sure workers against idiosyncratic productivity shocks, separations for a constrained
firm without access to STW are efficient.

Suppose that

u,B _u.c _ ,uB
max{e;”, e"P, ey} = €l

Then the FOC for the separation threshold of the unconstrained firm with STW
support is:

o R by [ 1

u(c™) —u(b)
R Py pyewry T

u'(c”)

w

(zstw(e;"B) +

+ To - (= Ry (€P)) + (A —1f) - B - s)] =0

u(c™) —u(b) B

B
= zgwlel”) + e

" + Ty (A — hg (€“B)) + A —nf) - -5 = 0

Insert free-entry Condition:

u(c) —u() _

Zr (€95) + c
s (€7 u'(c") 1—n

k,
X =0
q

Note that e;"B > ;" must hold, as workers would never quit under the insurance

constraint of the firm:

V(Ee)—U = u@®)—u®) +A—f-B-T—U) > 0
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It always gets positive surplus!

Suppose that

c¢,B _cc B

max{€?, €5, €y} = €

Then the FOC for the separation threshold of the constrained firm with STW support
is:

(G (655) — ub)
u’(c”)

0%

c,B
Jeg

—1 .
1-B-1—2)

=—(1-p) -g(eg’B) . [ (zstw(eg’B) +
e+ - 5)| = o

u(cs,,, (€%%)) —u(b)

u'(c)

= z(eg’B) + —cgtw(eg’B) +A—nf)-B-S=0

Insert free-entry condition:

A—nf
1—n

c ¢,Byy b
u(cstw(es )) —u(d) —c (GE’B) +

¢,B
Zstw(es ) + u’(cW) Stw

K
q

The participation constraint of workers can be written with free-entry condition as:

u(cS,,, (65" —u)
u' (cv) - C(s:tw(e?cp) +

A-nf k _
1—-n ¢

Zsrw (€7°F) + 0

Note that these are the same conditions. This implies that, given the inability to in-
sure workers against idiosyncratic productivity shocks, separations for a constrained
firm with access to STW are efficient.

3.D.2 Job Creation and Wage Equation

This section derives the job creation and the equation for STW. It follows its notation
part 3.E of the appendix.

(I)  Value of an unconstrained firm outside STW after the idiosyncratic produc-
tivity shock has realized:

JUe) = z(e)—c"+ B -[AT+ (1 — N Je)]
1 -
= Ju = - + ABJ
(e) 1_/5_(1_1)(2(6) ¢ +2p7)
(I)  Value of an unconstrained firm on STW after the idiosyncratic productivity
shock has realized:
JE (€)= Zg(€) + Tepy (R — Ry (€)) — ¥ + B[ AT + 1 — M) I (&) ]

stw

u —_ 1 W T
= L]'StW(e) - 1 _ [5 . (1 _ A) (Zstw(e) c + lﬂj)
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Value of a constrained firm outside STW with non-binding constraints after
the idiosyncratic productivity shock has realized:

J(€) =z(e)—c"+p-[AT+ (1 —NJ)]

C _ 1 W T
= J(e)_—l—ﬁ-(l—k)(z(e) c +7L/3J)

Value of a constrained firm outside STW with binding constraints after the
idiosyncratic productivity shock has realized:

J(e) = z(e) —c"(e) + B[AT+ QA — ) J(e)]

c _ 1 _w T
& J() = T a (2(e) —c"(e) + ABJ)

Value of a constrained firm on STW after the idiosyncratic productivity shock
has realized:

T (€) = zg(€) —c% (&) + B -[AT+ QA — NI, ()]

stw
Zgw(€) — ¥ (€) + ABJ)

stw

c _ 1
= JStW(e)_].—ﬁ'(].—A)(

Value of a firm before the idiosyncratic productivity shock has realized:

J=—1+({1-p)- (J J"(e)dG(e) +J SWJ;‘tW(e) dG(e))

s

(o) max{€gy,€5}
+p- (J J°(e)dG(e) + J S (€) dG(e))

max{€gey, 5} €

Inserting (I) - (IV) into (V) gives:

J=—1
L _la-p -9
1-g-a-nl 77

- _p) -(1-— Pu) . (CW - J Tstw(}_l - hStW(e))dG(e))

u
s

max{€sqy,€} ~
—p-(1—p9- (ec - J T (h — Rgy (€)) dG(e))

Cc
S

+(1—p)-l-[3’~j:|

Here z denotes the average production (without distortions) and ec denotes
the average cost of a constrained worker for a firm. Both are defined in sec-
tion D of the appendix.
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(VII) Value of an unconstrained worker outside STW after the idiosyncratic pro-
ductivity shock has realized:

Vie) = u(c +B-[AV+ A -V V()]
1 -
s v = — )+ ABV
© 1—ﬁ-u—x)@“) BV)
(VIII) Value of an unconstrained worker on STW after the idiosyncratic productivity
shock has realized:

VE (€) = ul) +B-[AV+A—-DVE ()]

stw
1

(IX) Value of a constrained worker outside STW with non-binding constraints af-
ter the idiosyncratic productivity shock has realized:

Vee) = u(@) + B [AV+ A - V()]
1 -
sV = — ")+ ABV
(e) 1_ﬁ_ﬂ_k)@@) V)
(X)  Value of a constrained worker outside STW with binding constraints after the
idiosyncratic productivity shock has realized:

Ve(e) = ul (@) +B-[AV+A - V(]

e Vie) = u(c”(e)) + ApV)

1
1-6-Q-2 (
(XI) Value of a constrained worker on STW after the idiosyncratic productivity

shock has realized:

VEL(€) = ulcg(e) + B - [AV+ A -V ()]

stw

& Ve (e) = U(Cepy (€)) + ABV)

stw

;(
1-B-(1—2)

(XII) Value of a worker before the idiosyncratic productivity shock has realized:

V=_@0-p)- (f V4(e) dG(e)

+ J - Vi (6 dG(e))

u
s

+p- (J Ve(e)dG(e)

p

+ J ' Ve(e) dG(e)

max{g, s}

max{e, ey }
+ f Ve (€) dG(e))
€C

S

+p-U
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Inserting (VID) - (XI) into (XII) gives:

¥ 1 u w (1 — ACY . C
V= m[(l—p)(l—P) u(c+p-Q—p)-u

+(1—p)~7t-ﬁ'\_/+p-U]

Here u‘ denotes the average utility of a constrained worker for a firm. Both
are defined in section 3.E of the appendix.

(XIII) Unemployment:
U=ub+p-[f-V+Q—F U]

Next, we want to calculate the joint surplus of firms and workers.

(A) The surplus of the worker after the idiosyncratic productivity shock has real-

ized is:
Vi) —U = ud@)—ub) + A= -V +A=H-p-V—A—--p-U
& Ve -U=ud@E)—ubd+QA— B Vi) - +A—f)-B- V-0
& V(e -U=ud@E)—ubd+A—H VEe-+A—FH - V-1
. 1 . _
) —_ = — —_ —_ . . p—
S VE@-U= g W@ —u® + a=p-p- 7-)

for i € {stw,no stw} and j € {u,c}.

(B) The surplus of the worker before shock realizations are known:

e

V-U=@1-p)- U Vu(e)—UdG(e)+J Swvgtw(e)—UdG(e))

stw

+p- (J V(e) —UdG(e) + J ’ Ve(e) —UdG(e)

» max{&;,€gw}

max{e, ey}
+ f Ve (€) — UdG(e))
€

C
N

Inserting A into B gives:

_ 1 u wy _
V_U = m[(l—p)(l—p) w(c) —u(b))
+p-(A—p - W —u))

+QA=H-p- -]



168 | 3 Carrots or Sticks? Short-Time Work vs. Lay-Off Taxes

(C) Finally, we can calculate the joint surplus before shock realizations are known:

V—U

S=J+ oD
u(c) —u() _w

1 u
- _T+1—/3-(1—A)[(1_p)(1_p )'( NTED)
J Terw - (= hgry (€)) dG(e))

1
+
1—pu

u
S

+p(1 _pC) . (u _u(b) _eC
u'(c”)

1 max{€gey,€5} _

+ f Toew(h — hstw(e))dG(e))
1—pc¢ e
V—U

+A—pPIABJ+ A —p)A—f)-B- ]
u’(c”)

Next, we start deriving the job-creation condition. Inserting the surplus splitting

rule

into the equation for the joint surplus gives:
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u'(cv)

1 1—n
- ‘”m[“‘f”(z—”‘ o)
-+u—px1—p%(ﬂil:393—ﬂ)

u'(c")

S=J+

=nS+(1—n)S

+1-p) f Torw - (N — hgny (€)) dG(€)

u¢ —u(b) C)
— —e¢

u'(cv)

+p(1—pc)(

C
S

1 1—n
(=" S——T+m|:(1—p)(z—ﬂ— - b)

u(c) —u®) cW)

u’(c")

max{€gy,€c} _
+p f T (h — hgy (€)) dG(e)i|
€

+(1-pQ —p“)(

+(1Q—-p) J (h — hye (€)) dG(e)

u
s

u“ —u() C)
———e¢

u'(c)

+p(1—p°)(

C

max{€py,€; B
+p J Toew (B — Rgey (€)) dG(€)

C
s

+u—pxx—nfyﬁ-ﬂ

Next, we want to replace the tax. To do this, we need to know the budget constraint
of the government:

L L ((1 —p)f - T oo (= Mgy (€)) dG(€)
1-p e

max{€suy,€5} B
+p J Tgrw (B — Rgery (€)) dG(e))
+(1—n)-b

Inserting the employment equation

N

n = (1—p)-%

gives:
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T =

S

: ((1 —p) f Tstw (= Mgy (€)) dG(€)

S

max{€gy,€c} )
+p f Tew (B — hgy (€)) dG(e))
€.

1—
L4=p)
nS

b

Inserting the expression for the number of firms that receive a shock

gives:

>

T =

. ((1 —p) f T i (N — Ry (€)) dG(€)

u
S

max{€gey,€5} _
+p f Terw (W — hgriy (€)) dG(e))
€
1 1—n
+ =.(1— . -b
A (1=p) ( n )

Inserting the tax into the surplus equation gives:

1
S = m[(l_l))(z_ﬂ)
+a-pa-pn (Mo E )
u’(c”)
+p(1—p6)(—” —u®) —eC)
u'(c")

+A=p)A—f)-P -S]

1 1 ) estw _
Nz | —p)J (h — hgy (€)) dG(e)
()L 1_[3.(1_l) o Stw
1 1 max{€gy,€:} _
_(1_ 1-8- (1—70) 'pJ (= R ()4G0
€
1 1—n
—Z.(1=0)- b
1 1—-p)
Inserting the free-entry condition
k
v — ﬂ -J
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gives:

1 ke B |4 6 l-n
1—@3‘1—/3-(1—1)[(1 p)(z S b)
+(1—p)A—p" (—u(c ) —u®) —cw)

u'(cv)
C—ul

+p(1—p9) (—uu,(gf) ) —ec)

"N f kv]

A
+(1—=p)-
1-n ¢

This is the job-creation condition used in the Ramsey problem for STW in Appendix
3.E.

Next, we want to calculate the wage-equation. Remember the surplus splitting rule
from Nash-Bargaining:

u'(ev)

Inserting the tax into the value of a worker for a firm gives:

] —1 uy w__ _ _c . -
T =1 Ts a—n [(1—P)(Z—Q)—p(1—p)e 1-pA—pYe+Q p)A/jJ]

1 Estw _
(A 1— /5 (1 ) - _p) Lé‘ TStw(h - hstw(e)) dG(e)

max{€gy,€5}
1 -
- 1-p (l—l)) Jl Tstw (N — Ry (€)) dG(€)

Likewise, we can calculate the surplus of a worker:

1 u wy ¢ c
V—-U = m[(l—l))(l—[? )(U(C ) u(b))-i—p(l P )(U u(b))

+(1=p)A=HPWV— U)]

Next, we can insert the value of a worker for a firm and the surplus of a worker into
the surplus splitting rule:
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4' — — — e T — A0 .
1-B-(1—N) [(A=p G- —p(—p") " =1 —p)(1—p9)-e
+(1_p).l./3.j]

1 1 Estw _
~(G-1=pa=p) o f o = R (N G

1 1 max{€gy,€-} _
-(G-1=a=s) " f oot s (€1 4GLE)

1 1—n )
R T R U N
T1-B-(1—-24) u(M) [(1 p)(A—p") - () —ub))
+p(1—p) - W —ud)

+(1A=p)A—-HBT -]

b

Insert the surplus splitting rule again: n-J=(1—n) - %

1_—[3 -71(1—/1) [ QA-pP)z—2)—pA—p")-"—A—p)A—p°)-e

+(1—p)A-p-T]
_(1_;).(1_ ) o (R — gy (€)) dG(e)
A 1-B-(-2 P Tew T e Rae

u
S

1 1 max{€gy,€5} B
-G f o (1~ Py () AG€)
1 1—n
—Z.(1=0)- b
N 1-p)
1—n 1

1 A-M W [A=pA—pY - @) —u®)
+p(1—p) - W —u®)

HA=p) A=) W@ pT]
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# — — _ _ uy , W _ _ [
1—ﬁ-(1—m[(1 PIE— D) —pd—pY) -’ —A—p)(A—p-e

+(=p)-A-f-p-J]

1 1 Estw _

~(G-1=5a=m) a» f o~ R (N G
1 1 max{€gy,€:} _

-(G-1=5a=s) " J P o (D) G

€
1 1—n
—=.1=-p)- b

A
- l-n 1 I
S 1-4-0-1 w@m[ﬂ p)(A—p") (") —ud))

+p(L— P —u®)) |

s - [a-pe-D+a-p)fp-J]

_ (w - 1) -(1—p) J N TSth_l — hsni (€)) dG(e)

u
S

_n. _ max{€gy,€} .
_ (W — 1) -pJ Torw (M — hgy (€)) dG(€)

C
s

1-p-a-1 1-n

n 1-p)- " -b
(1)1 — o) (1— ). (LD —u®)
=1-pA—-p" YA —7n) ( @) +n c)
N1y u¢ —u(b) e
+p(1—p A —n) ( 7 +1n e)

Inserting the free-entry condition again, we get the wage equation from Appendix
3.E for STW.

A—p)—p—m LD
u'(c%)

_ (W - 1) -1 _P)J N TStw(}_l — hg (€)) dG(€)

_p. _ max{€suy,€5} B
_ (W — 1) .pJ T (N — Ry (6)) dG(€)

C
s

1-B-A—2) 1-n
_f.(l_p).

-b
1_
=n-[A-pGE-D-0=p)-—=-b+1-p)-0-k]

—p(l—pc)(l—n)-(u —u(b) +77'ec)

u'(c")
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3.E The full Ramsey Problems

3.E.1 Lay-off Tax

For 5 — 1 the Ramsey planner’s problem reads:

, max n“-u(@)+n°-u“+ @A —n)- ub)
>Tstw>Estw

+V u(moz—nt- " —=n-ef—1()—06-(1—n) -kv)/vf)
subject to the following constraints:

D Number of unconstrained workers:

1-p
U= = . 1=-0" -1
n A ( pY) - n

(I)  Separation rate, unconstrained workers:
p" = G(e)
(III) Number of constrained workers:

c

n = %.(1—pc).n

s
(IV)  Separation rate, constrained workers:
p° = Gle)
(V)  Aggregate separation rate:
p=0-p)-p"+p-p°
(VI) Number of firms that are hit by a shock:
n=0-q@)-01—n+A-n

(VII) Total employment:
n=n"+n°

(VIII) Average utility of constrained worker:

U = 1_1pc ((1—G(ep))-u(cw)+ J u(c(e))dG(e))

S

(IX) Average cost of a constrained worker for a firm:

e = 1 [(1—G(ep))-cW+J cW(e)dG(G)]
1—pc e

s
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(X)  Average production (without distortions):

g = ﬁ((l—p)[ z(e)dG(e)+pf Z(E)dG(E))

€s

(XI) Job-creation condition:

L.&:l[(l_p) ( 1—n'b)
1=m ¢

FA—p—p (u(cw)—u(b) Cw)
"(c™)
+(1—p)(1-p (”_”(b) )
"(cv)
A—
+a-p) LD —V}
-n q

(XII) Wage:

WE =(1—p)-(1—p“)'(n-cw+(1—'r))'
_n.(l_p).(z_l_n.b_FQ.E)
n q

+p‘(1—pC).[(1—m-”u_—C

u(c) —u(db) )
u'(cv)

(XIII) Separation condition unconstrained firm:

z(eu)+F+w_CW+ .
S u'(cw) 1—n q

(XIV) Threshold at which the constraint is binding:

z(ep)+A-& ="
q

(XV) Separation condition constrained firm:

W(e)) — u(b
U(C (es)) u()+(7(,_f)L&:O
u'(cW) 1—-nmn ¢

(XVI) Consumption of constrained worker:

() = z(e)+A- %
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3.E.2 Short-Time Work

For 8 — 1 the Ramsey planner’s problem reads:
Tmaii nul@)+n°-u+ 1 —n) - u®d)
+V o u(noz—n*-’—n"-ef —1()—0-(1—n) k)W)
subject to the following constraints:
D Number of unconstrained workers:
w_ 17P

n :T-(l_pu).ns

(I)  Separation rate (unconstrained workers):
p" = G(e))
(III) Number of constrained workers:
n‘ = %-(1—pc)-ns
(IV) Separation rate (constrained workers):
p =G (max{is, estw}) -G (max{estw, 6;}) + G(&))
(V)  Aggregate separation rate:
p=0-p)-p"+p-p°
(VI) Number of firms that are hit by a shock:
n=0-q@)-Q1—n+A-n

(VII) Total employment:
n =n"+n°

(VIII) Average utility of a constrained worker:

e - ((1 —G(eP) - u(e) + J p u(c”(€)) dG(e)
I=p max{e gy £}

max{€gy,€;}
+ f u(c‘s"éw(e))dG(e))
€

(IX) Average cost of a constrained worker for a firm:

1 °
e = g [(1 —G(eP)) - ¥ + J ¢’ (€)dG(e)
-pP max{€gw,E5}

max{€gy, €5} B
+ J (Clsdiw(e) - Tstw(h - hstw(e))) dG(E):|

c
S
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(X)  Average production (without distortions):

g = L(a —p)J 2(€)dG(e) +pJ z(€)dG(e)
1-p g max{&5, €}

max{ed,esny }
+p- J z(€) dG(e))
€

c
S

(XI) Average distortion of working hours:

Estw max{estw’eg}
n = — ip ((1 —p)f n(e)dG(e) +pf 2(e) dG(E))

with 2(e) = 2(€) — 2y (€)

(XII) Job-creation condition:

1 ko1 o 1-n
E‘E—A[(l P)z— 02 b)
+p1—pY (—u(cw) —u®) _ cW)
u'(c%)
+(1—p)(1—pC)(”_—”(b)—eC)
u'(c%)
A—1n- k
+(1—p)- nf._v]
1-n ¢

(XIIT) Wage:

WE = (1=p)- (1= p*) (e + (1 L ZUDD)

u'(cv)
—n(l—p)(z—l%b+9-kv)

u“ —u() c
u'(cv) e }

+tp: (1—pc)[(1—n) :
(XIV) Separation condition for unconstrained firm without STW:

u @ —u® o Az f ko

#E)+ u'(c") 1-n ¢

0

(XV) Separation condition for unconstrained firm with STW:

u@)—u®) o, A=n-f

Zaw (€9) + Too (b — hyn (€9)) + u'(cv) 1-n

e
q
(XVI) Threshold at which the constraint is binding:

k
z(ep)+l-gv =¥
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(XVII) Separation condition, constrained firm without STW:

W(ESY) — u(b
u(C (55)) U()_i_(l_f)_i.&:o
u'(c") 1=n q

(XVIII) Separation condition, constrained firm with STW:

LD gy 2k
u'(cv) 1=mn 4

(XIX) Consumption, constrained worker outside STW

() =z(e)+A- %

(XX) Consumption, constrained worker on STW

- k,
¢ (€)= Zgy (€) + Ty (h — Ry (€)) + A - T

3.F Ramsey FOCs with Lay-Off Tax

In the following, multipliers from the Lagrangian, implied by the maximization
problem from the previous section, are denoted by A,4,, the index depending on the
constraint. Here, A, denotes the Lagrange multiplier for the total employment equa-
tion, A, for the number of unconstrained firms, A, for the number of constrained
firms, A,;s for the number of firms that received a shock, A4 for the job-creation con-
dition, A, for the wage equation, A« for the separation condition of unconstrained
firms and A for the separation condition of constrained firms. Every other equation
listed in the Ramsey problem for the lay-off tax is assumed to be plugged in.
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3.F1 Employment (Lay-Off Tax)

0¥ 1-—
L+ R0 (e — e )
+ % (1= p9) - (ule) —u'(") - &)
1_
+Tp'(1—p”)-lnu+%‘(1—pc)-?\nc=0
0%
anu = _A.nu+2,n =0
g': = Ayt A, =0
0¥ 1o w
= At A A= q(@) - ) + () [+ b+ 0 -] —ud)
1—p b b
A’n Ans u(b)
=QA—q®)-0)- ——+[z+b+0-c]—
T = A—a9)-0)- T+ [z 3 ey
flop b Ao Ab A b A

A n2 u'(cv) nZz u'(c") m n2 u’(cv)

3.F.2 Optimal Job Creation Condition (Lay-Off Tax)

Before we begin, let us define the insurance effect as:

([T, v W) —ue .
By = /1( L g a s dG(e)) k,

A
IE, = n* -1/ (" -(1+—9 )~IE
0 n e uw(c”) ns - u! (c™) 0

The FOC for labor market tightness denotes:

% = —k,(1—n)u'(c") +IEg -k, + (1 —7)q(O)(1 —n) A,
Y Ay —fn (1—p )
— ' k2 Ag — Aeu
1= Ao\ 0T
- Twiecey + 2 =F )
(A fu(c(es))+ (1_n)fn AE?
OWE
BT

A _ 1ty k
W) 1-n gq
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with
- i1 O =t (1P, 2
v = o | (e - Gr =i (520 -2
e M—f.)
+(A 7 u'(c (es))+(1_n)f M| Ae
+l-(x-3ﬂﬂ—m)
kK, \"° a6 0

Using the FOCs for employment and labor market tightness gives:

—

@y 2Rk 1 TP  (e) — u) — o (@ - ¢
u(c)l_}/q— P (1 p)(u(c) u(d) u(c)c)

+§-(1—pc)-(uc—u(b)—u’(cw)-ec)
l—ﬁ+x@—ﬂ.g)
1—y q

1—
+u’(cW)-Tp-(z+b+

Rearranging gives the Optimal Job Creation Condition:

1+ k 1—
_X._v = —= .(z+b)+
q A

1—p Ag b 1-p A A b
n

1—v A .ns-u’(cw) A 'ns-u’(cW).;
1=p 1 u. l‘(cw)——u(b)_w)
* A 1=p7 ( u’(cw) C
P g ey (Wzu® _ )
+7L (1—-p9 ( ED) e
l—p A—yf+x-A-f) k
+ . . —_—
A 1—vy q

Subtracting the decentralized job-creation condition from the optimal gives:

( n—y) 1k, ( 7L9+7)+A~Ac) 1-p b
X_— .—-E: ]_+ . R

1—-n/) 11—y ns - u'(c") A n
1-p)-A—H ( n—Y) ky
+ . X_— . —
A 1—v q
Rearranging gives:
1-p
n—vy 1k Ao tm-A-A e
X_— « _ . — = 1+ . P . f —_
1—-n) 1—v ¢q ns - u'(c") +(1-p)-5 n

o
A A A
_ (1+L).;

ns-u (CW)
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3.F.3 Optimal Separation Condition (Unconstrained Firms)

FOC for the separation threshold of unconstrained firms:

0¥ w
_ — L . (1 _p) .g(eu) . u/(CW) . (Z(Eu) + u(C ) —CW—Z)
Jel 1—-p s 70w (ew)
1-— W) — — — k
g - p-g(e“)-[z(e“)+”(°) ub) o _lzn A "f-—V]
A $ s u'(cw) n 1—-m ¢
OWE 1-—p S, ()
A - — g A +tA-——— =0
+ A, den + N gle)) n’ - Ay + . den

Insert for A, and subtract decentralized separation condition of unconstrained

firms:
w 1=p N (G An
g(es) A " [Z( )+ u’(c%) o u’(CW)]
I S " [ 1—n ]
D) 7 glel) - | AF + " b

A aWE+ Aev  OS(ef)
w(cw) dev  w(w)  det

Insert for A,:

1—-p u(c”)
g(ed) - )L - [z(e?) + o 4 _z}

1-p Aps u(b)
uy . wla=a0)-0)- b+0-¢)—
+8le) . ——-n [( q(0) - 0) D) +@+b+0-0) D)

1— P b Ag b }.C ]
+ L= + -
A nZ u'(c") n nZ u(c%)
Ag 1—p u [ 1—n ]
D) = g(e) | AF + " b
Ae  OWE = Aa 9SG, () 0
u'(cv) dev  u'(c™) dev

uy W) —u® _ —a(0).0). 2 .
= z(e)+ D) c +b+(A q(6) 6) u’(cW)+9 C
_L(M:_Fl_n.b_é)
ns - u'(c%) n n

N A b 4 A 1 OWE
ns - u'(c%) N n 1—p g(e¥) OJel
P S S S GO,

ns-u'(cv) 1—p g(ew) deu
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Inserting A}, gives the Optimal Separation Condition:

u(@) —u®) A=y f+x-A=f) k

Uy + "+ b+
Z(ES) u/(cw) ¢ 1 — ‘)/ q
A A
-0 A-F—bh)+— . 7)‘9“‘ A 1 9VE =0
ns - u'(c%) ns - u'(c%) n 1—p g(e¥) OJel

Subtracting the decentralized separation condition and rearranging gives:

— k
1-vJ) ¢q
+ 2'es“ A 1 asﬁ(eg)
ns-u'(cv) 1—p g(ew) deu
Ag
————— . (AF—b
ns - u'(c%) ( )

N A 9+ A 1 OWE
ns - u'(c%) N n 1—p g(e¥) OJel

A =L b
— 0= (1+/—9)-(b+(k—f)~+-——k~F)
u'(c®) - ns p—l—(l—p)-% n

A (b A 1 8WE)

+——S—|n-—+ : :
ns - u'(c%) n 1—p g(e¥) OJel

A 1 At 95, ()

1—p .g(eg) . ns - u'(c%) . Jeu

_ _ M ), b
— 0= (1+ u’(cW)-nS) (b+(A N 7 AF)
A 1 Ae? aslsltw(eg)

1-p ' g(ey) s -/ (eV) del

N A é+ A 1 OWE
ns - u'(c%) N n 1—p g(e¥) OJel

_ _r N (A
— 0_(1+u’(cw)-n5) (f b AF)

n A 1 Ae? asﬁ(eg)
1—p g(ev) ns-u'(c") deu
A ( b p) 1 0 WE)

ns - u/ (CW)

+ . .
n 1—p g(e¥) OJel
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Rearranging gives the Lagrange multiplier for unconstrained firms:

A.u _ ell
_te _1-p &) ,((HL),(&_,J_M)
Tls . u/(CW) A asstwies) ns . u/(cw) f

J€;

p P [p b, 1 A 1 .3WE)
wowe) T gl T-p glen) der

3.F.4 Optimal Separation Condition (Constrained Firms)

The FOC for the separation threshold in the constrained firm is:

_gi = % -p-gled) -u'(c") (z(eg) + u(cw(i%)()c;) u(e" — (e _z)
+%9.%-g(eg)[z(e§)+%_w(eg)_ 1;11 ot );__Zf%]
+ % -g(€) -1 - Ay
OWE
+ A, G
2S5 (9
« ;egs =0

Note that we can reformulate the decentralized separation threshold of a worker in
a constrained firm as:

W C — b
WD)k
u'(cv) 1-m ¢q
W C — b
MDD 1O s mpy B = vy —aery -2 B
w(™) 1-n ¢ ’ ’
W[ ~C _ b —
= z(ec)+w—cw(e‘:)+7L ’flf_&zo
s u'(cw) s 1-mn ¢
This simplifies the equation to:
oY n c L G G
Gec ~ 1-p P8 (z(esH T
P o(esy ps. 2
+A g(es) n ul(CW
Ag P n
“aen a8 b
A, OWE A 9S(e)
=0

u'(cw) . de¢ * u'(cw) . de¢
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Inserting A} gives the Optimal Separation Condition

B A Gl G ) RO PPt 0 A Gt DL
de T g 1—y q
Ag
+L(né+ 1 &aWE)
ns - u'(c%) n g p OJe
A 1 A S (€) B

+ —_ . .
p n*-g(e) u'(c") Jes

Subtracting the decentralized separation condition gives:

— k
1-n/) 1—-y ¢
A-ec 1 1 9S(e) 1

+—
ns-u(”) p A de¢ g(€9)
A0 A, ( b 1 A BWE)
b n-= .

. + —
ns - u'(c%) ns - u'(c%) n g) p J€

Rearranging gives back the Lagrange multiplier:

__Ta__p F&) (1+—’l@ ).&.b
ns - u/(CW) l aSstw(es) ns - u/(cw) f

C
€

N A 94_ 1 & OWE
ns - u'(c%) N n g p OJe

3.F.5 The Optimal Lay-Off Tax

We start from

0%

—— =—2Au.=0
oF &

Note that the optimal lay-off tax sets the Lagrange multiplier for the separation
condition equal to zero. This implies that the lay-off tax implements the optimal
separation threshold for unconstrained firms. Then

Aeu e
e D (1) (2paer)
ns - u/(c) A 9S,(e) ns - u'(c") f

u
€l

N A 94_ A A JOWE
ns - u'(c%) K n gy 1—p OJev
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This leads to:

1
F - f'b'i‘BElt
sg = L 1 A ( b 1 A SWE)
e = = . . b . .
t A(l_‘_#?cw)) ns - u'(cv) n gy 1—p Jeu

3.F.6 Optimal Ul given Lay-off Tax

From the FOC of UI, we can derive the optimality condition for unemployment in-

surance. With an optimal lay-off tax, the Lagrange multiplier for the separation con-
dition of the unconstrained firm is equal to zero.

1— "(b
A—m-U® —'c) = Ae-(l—p)-( %y ””)

n u'(cv)
u'(b)
+ (A + Age) - (_u/(cw))
1— '(b
+2A-1—p)- (n'TnHl—n) : L’;((cw)))

To get better insight, we need to determine the Lagrange multipliers for A4, A.. We

already know the Lagrange multipliers for the separation conditions of constrained
firms:

Aeu 1 _p 1 Ae A
—_ S — . uy . 1 + — . . b _ ), . F
ns - u/(CW) A g(es) aS%WEESU) ( ns - u’(cw)) (f )
eS
f e (b, 1 A OWE
ns - u’(cW) n n g(eg) 1 —p 86?
A o ) . N
s _F. (14 Ay
ns - u'(c%) A g(es) asgatwgeg) |:( ns - u/(cw)) f
65
Ac b 1 A OWE
—_— 'r) Py— _|_ - — .
ne - u'(c") n ge) p J¢€

First, let us find an expression for A.:



186 | 3 Carrots or Sticks? Short-Time Work vs. Lay-Off Taxes

0L (1 o oy u@)—u®) u'(™)
FE ((1 p)-d=p7) w () w(cv)
u*—u(b) u (CW))-AG

T A=) Ty wen

oy (1 ue)—u®) u”()
—(1—n)~((1—p)-(1—f)) (1 1—=mn) u (cv) u’(cw))

o (1 .uc—u(b).u”(cw) .
—p-(1=pY-A=m- —7en u’(cw)) Ac

u(c) —u() u”(cW)

e

u'(cv) u'(cv)
ulesw(€)) —ud) ") 1.—0
' (cv) wiew) T T

Next we can solve for the Lagrange multiplier of the wage equation:

_ 1 86? 1-p u s lew A
o=~ S5 e e (2o r)
ocv
o€ p A
+ Sow -g(e) -n’-u' (") - ]? b

aStotal
+(_ 5c" )'AQ]

Insert A, into the Lagrange multipliers for the separation conditions. To do that, let
us rewrite the Lagrange multipliers of the separation conditions:

_ w I u L . & — A
Aew = asgtw(eg) (n “u'(") - g(é‘) ( nS-u’(cw)) (f b=2 F)

del
8WE) 8WE))
+
36?

e

, ) Ao A
A = — asgm(ec) (n U () - g(e)( T@W))'f'b

€S
3WE JWE
+ A +
( 3n Jes ))

Inserting A, gives:
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_ 1 ’ 1—p A@ A
A*__—%f?)'("s'“(cw)'T'g(E?)'(”m \FbrF
65
on oW\ total acv total
+ === +
(86? ( an) (86?) )
oe; I-p u s lew A
). —=. ns. A=-b=A-F
[acw 8l e (f )

o€ p A 8Stotal
4+ 5.2 St ™) Z b+ | — A
gov 7 8l (E) ( aov )0

! s own P _ Ao ). A
A = ) ~(n ~u(c”) - 2 ~g(es)'(1+ ns - u’ (%) f b

C
€S

on vt i
+((66§).(_E) +(36§) )
36? 1_p / A
. ey ns o d L b—A-F
[acw 8l () (f )

aeg p A aStotal
+acw-Z-g(eg)-ns-u’(cw)-f-b+(— Py )-AQ:D

Insert A, into the Lagrange multipliers for the separation conditions. To do that, let
us rewrite the Lagrange multipliers of the separation conditions:

B 1 Jows 1—D Ao

o€l
A on JOWE OWE
(2 b—a-F)+a- (= +
(f ) ¢ (862‘ ( an) 862‘))

_ 1 1w p A,g l
Aeg——m(HSU(C)Xg(EE)(].'Fm fb
€l

A on .(_3WE)+ OWE
¢ aeg on 86§

Inserting A, gives:
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_ L p Ao A
hes = —m'("s'“'(cw)'z'g(e?)'(“m)‘(?b‘”)

Stw.
u
Jey

on acv total acv total
+ = +
(86? ( an) (86?) )
Je* 1—
.[ﬁ—Ap.g(eg).nsu/(cw)(%b-A.F)
865 p

A 8Stotal
O YT PR T4 70 WHSAAN i I A
T oy 8E) mnen) +( dcv ) QD

_ 1 s W B c /19 &
Aec = FEmES (n “u' (") - 1 -gle)) | 1+ w7 -b
€

N on (_E)total N ac¥ total
de¢ on de¢

86? 1-p u s o lew A
.[a_.—.g(es).n .u(c ).(F.b_A.F)

v A
36;: A aStotal
L wer- 2o (<55 ) 40

Now we have everything to calculate A4 from the two equations:

o) (x_fr)—)f)' 1 .]&:(14_194'77-7&-7%).}_’
1—n 1—v ¢q ns - u'(c%) f

@ x= 1= ul-f'u/(cw) -[Y—(M—fn)-(%(l—p)ke—leg)]
1 1 Y w 1 Ay—f
ﬂ'u’(cw).(l'f'u(c)+(E'T)'n)%€§

L1 1 , OWE 1
u u'(w) ¢ 206 Kk,
_E'L’IEQ

u u(w)

We can rearrange (1) to:

n—y k, ( le+n-l-7tc) b)
-k=10-gqg|——— ‘T 4+ |1+ |.=
x k= A=1) ((1—)/)(1—7)) q o) ) f

Note that

3
A-1-q= %
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This follows from the fact that:

") -0
£(0) = q(6) +6-¢'(8) = q(O) - (1+ 9 ;(é) ) — 90—

So we can write:
of n—ry k, ( 7L@+n-l-kc) b)
ko= -/l 3|1+ "] =
r (89) ((1—Y)(1—n) q ns - u'(c") f

Inserting y gives:

1 1k
[Y—(M—fn)-X-(l—p)]-T~—V-l

row 3f) ( n—y k, ( le+n-/1-/1c) b)
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Inserting Acu, Acc,IEg gives

A

_ ey 9 nmy  k ( A ).’3)
= u@) g ((1—}’)(1—71) ¢ P wuen ) s
6;1 total . 1_ )'9 A,
()" e 152 (10 ) (B o)
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+u(c)-n-(—89) ~g(es)~z~(1+—)-

nsu’(c%)
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1 1 k
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A
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with

gen e GeM) [acvyerl [ Qe
p— = —_ + —_— . —_

20 20 (ae) dcv
(2 an (_@)MJF g\ [oe
a6 Jeu on deu dcw

on dcv Je

/ . S
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aeg total B aeg acv total aes

~ 30 _[ 30 +(%) \ oo
(2 an (_@)mtalJr o\ e
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AR TR 5o
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This allows us to calculate the Lagrange multiplier for the job-creation condition

=y O (K ( A )b)
M2y = uw(c) 55 u ((l—y)(l—n) g T\ nwen) 7

el total 1_P 2
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Rearranging for A4 gives:

)+
=Y.

+u' (") -

0
+u' (") - (

+u'() -nc- (%

Note that

() -

Jey
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Further define:

)total (
Note: M denotes the general equilibrium effect of an increase of the joint surplus
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1
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Finally, we can calculate the Lagrange multiplier for A, by inserting into A4:

;1 total 36;‘ ge 1 —p . . o A
( acw (as) ) g 'u(C)'(?b_lF)

Jde oS total 3€§ g p ¢ s Irw A
+(3CW+(5’CW) '(as) )'X'g(es)'"'”(c)'fb

aS total af n—y kv A,e b
+(ﬁ) ( as) '”'((1—@(1—17)'Z+(1+nsw(cW))'f)

() ()
R ER 0

Simplifying:
(" €' \* u e \& ¢
A = -1 ;). on -(&b—AF)+ s )9 Ay
(%WE)tOtal acw det \f dcvw de¢ f
CW

of (_n=r 'k 9) c.(_ﬁ)gew
+( acw) u ((l—y)(l—n) g TF)T Taar) e

Following the same arguments, we can express the Lagrange multiplier for the sep-

aration conditions as:

A= — u'(c) on" ge-(&b—AF)+ de ge. on° -&b
B ( 8k, () )total det f del de¢ f
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onc\* A acv of n—ry k, b
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e B (B0
aeg acv 0
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For convenience, the optimal UI benefits are replicated here:

1-— "(b (b
1—n)-(W®—u'() =2 -A—p) ( - 5((@3)) ' (_Ll;éw)))
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Inserting the Lagrange multiplier gives:
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direct effect
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(%) =5 (5)
ob — ob \3s
~———

direct effect

oo 06 s o) (20
db det 9b OJe ab acv
indire?tr effect

3.F.7 Optimal Ul under Optimal Lay-off Tax

From the FOC of UI, we can derive the optimality condition for unemployment insur-
ance. In contrast to the section where we take lay-off taxes as given, the government
implements the optimal lay-off tax. This implies that the Lagrange multiplier of the
separation condition in unconstrained firms is equal to zero. This is also fundamen-
tal for the optimality condition for the UI benefits:

1— "(b "(h
A=m-(W'®-d') = Ae-(l—p)'( . u())”;_(_u())

u'(cv) u'(c")

1— ‘(b
+/1c-(1—p)-(n-Tn+(1—n)-5((@3))

The Lagrange multiplier for the separation condition of unconstrained firms is equal

to
Aec D c 1 lg A
_ 5 = . . . 1+ ———|-—:»b
ns,u/(cw) A g(es) w ( ns.u/(cw)) f
€s
e P [y b, L 2 owE
ns - u'(cv) N n g p OJe

First, let us find an expression for A.:
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c__ "ew
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—p-A1—=p)-Q—n)- N ERIeD
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u'(c™) wiewy &




3.F Ramsey FOCs with Lay-Off Tax | 195

Insert Lagrange multipliers for separation condition:

wY — (b "ew
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< _u(b "ew
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Rearranging gives:
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+ A,
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a c
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Next we can solve for the Lagrange multiplier of the wage equation:

1 862 p c S /e w )L
" _W[W;'g“s)'” e

v
aStotal
(%))

Now we have everything to calculate A4 from the two equations:

o (X_u).;.&:(HM).E
1-n) 1—y ¢q ns - u'(cv) f

2 x = 1in : ul_f - u,(lcw) '[Y—(M’—fﬂ)'(%(l—l))le)]
1 1 Y w 1 Ar—f
+ﬂ'u’(cw)'(k'f'u(cH(E'T).n)keg
L1 1, 9WE 1
u u(ev) ¢ 30 Kk,
R
u u'(w) 0

We can rearrange (1) to:

n—y k, ( /19+n-7t-7tc) b)
k. =0—-v)-qg-|———L V44T T ). Z
xok=0-1q ((1—}')(1—7)) qJr - ns - u/(cv) f
Note that o
(1—y)-q=%
This follows from the fact that:
") -0
£ = a0 +0-4®) = q0)- (14 ;(;) )=a@-a-p

So we can write:

2ok, = (ﬂ).(L.&+(1+M).E)
o0 1-y)0-7n) ¢ ns - u'(c") f
Inserting y gives:

1
[Y—(M—fn)-Z-(l—p)]—-—-le
U

_ oy (9N =y Kk ( M)é)
= v (ae) u ((1—Y)(1—n) T\ T wen )y
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+(,1.Z.u/(CW) +(L . M)'ﬂ)'kv'(—leg)

f 1-n f
JWE
+W . (_A'c) +IEy

Inserting A, IEq gives

1 1k
[Y—(M—fn) T (l—p)] -

of n—y y ( Ag ) b)
- " . - .4 0 1t r |V 1+ .
wier 20 “ ((1—)/)(1—7)) q + nsu'(cw) /) f
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/ s p 7('9 A
wy . oS .| — . 9.2 .01+ Z0p

+u' (™) - n ( 39) g(ey) 2 ( nSu,(CW)) 7
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0 (-55)(50)

A -
+u'()-n - (1 + —2 )-IEQ
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a0 =\ 720 +(%) "\ e
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20 36§ on 36§ dcv

on 9 O€

O 5 n e

acv total,2 acv total
5 ()
N (_ae;‘) . ( on (_@)wtal .\ (acw)”t"“)
a0 Jes an Jes
on ac"
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This allows us to calculate the Lagrange multiplier for the job-creation condition

ey O (K ( Ao )9)
M-y = u(c") 30 u ((1_Y)(1_77) q+ 1+n5u’(cw) 7

¢\ total P 2
S
+u/(CW),n5.(_89) g(eg)i‘?b

+u/ (") -n® - IE,
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with
1

1 k,
M=[Y—(M—f-n)'z-(1—p)]1_n-7

aeg total . p A
+(30) g(ey) P

ocv total as total
*(%) (_a_)
+IE,

Note: zlv[ denotes the general equilibrium effect of an increase of the joint surplus

on 9:
(3 0 )ge 1
as) M
Rearranging for A4 gives:

oy (N (= k &.)
Ao = u(e") (as) . ((1—}’)(1—77) P

de\8 c
+u'(cW)-(— S) on -&b

3s) oe f
ge
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(ﬁ)ge _ 1.9
os) M 3s
0ec\ 8¢ 1 dec total
S . S
(%) -%(5)
Further define:
eP
| y U (Cqw(€)) — /(M)
Bo = 1 J A'f' u'(c") 46

Finally, we can calculate the Lagrange multiplier for A, by inserting into A4:

-1 € as @ (e p o A
Ao = ﬁ[(a*(a_) (%) )'I'g(eﬁ)'”s'”'“ "5
(52)
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Simplifying:
(v de' )\ u 0e\*° ¢
A = — ”(6)1[( ) .on -(&b—AF)+( ) LN
(aaWE)tota acv dev \f acv ode¢ f
CW

af \& — k, b a0\
+(__f) .u.(L._u_)Mc.(__) 1
acv Q-ya-n q f acv
Following the same arguments, we can express the Lagrange multiplier for the sep-
aration condition as:

1w 0et u\ 8¢ c 8¢
D = = 1[ S.(a“) -(&b—)\F)-i-(an) Ay
s ( 98, (€9 )mta de¢ \ det f de¢ f

o€
ac” of )ge ( n—y k, b) ac” ( a0 )ge .
+ . —_ . . - . — + — + . —_ . IE
de¢ ( acv “ 1-ya-mn q f Jes acw 0
For convenience, the optimal UI benefits are replicated here:
_ / /

u'(cv) u'(cv)
u'(b)
Aot (_ u'(c) )

1- ‘b
+7Lc-(1—p)-(n-Tn+(1—n)-J(EW)))

Inserting the Lagrange multiplier gives

Cw (@) -t @) = @ | () (e ke 9)
A=) - (B =) = ') [( 8b) ¢ ((1—}”)(1—77) ¢ "F

+ 8_62 * on &b
ab oe¢ f

(80N
+n - —% IEQ
with

0e\* an (e \* oant [as [0e\* o (3e\*] on
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(G0)" = &5 (29", g€ o, oc” (22
ab) — ab \3s db 3dec 0b | \dcv
N—— ———

direct effect

indirect effect

Inserting the Lagrange multiplier gives

/b_ !cw ge
(1—n)-(U() u' (™)) :(_ﬂ) L

u'(cv) ab
de;\* onc eane (Z20V &
D 'aeg's+"'(_%) e

Note that when we set the lay-off tax optimally, then UI will not impose any distor-

tions on the separation condition of unconstrained firms. In the context of Proposi-
tion 1, this means that MLS" = 0, bolstering the fact that optimal lay-off taxes can
implement the optimal number of separations.

3.G Ramsey FOCs with STW

In the following, multipliers from the Lagrangian, implied by the maximization
problem from the previous section, are denoted by A;4., the index depending on the
constraint. Here, A, denotes the Lagrange multiplier for the total employment equa-
tion, A, for the number of unconstrained firms, A, for the number of constrained
firms, A, for the number of firms that received a shock, A4 for the job-creation con-
dition, A, for the wage equation, A« for the separation condition of unconstrained
firms with STW support, A, for the separation condition of constrained firms with-
out STW support, and A for the separation condition of constrained firms with
STW support. Every other equation listed in the Ramsey problem for STW is as-
sumed to be plugged in.
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3.G.1 Employment

oL _ 1-p u wy W w
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3.G.2 Job Creation

Before we start, let us define the Insurance effect:

IEQ = Tls . u’(cw) . (1 + ﬁ’e(cw)) IEQ
. p([” A u(c(e) —u'(c™)
IE@ = X ? Y u’(CW) dG(E)
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max{€y,€g } / 1w
A U (o (€)) —u'(c")
+ Zoy. dGe) | -k

The FOC for the labor market tightness can be written as:
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[k

Collecting terms from FOCs for employment and job-creation conditions gives:

1 k 1—
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Optimal Job Creation Condition:
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Subtracting the decentralized job-creation condition from the optimal gives:
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3.6.3 Lagrange Multipliers for Separation Condition

Optimal separation condition unconstrained firms
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Subtract decentralized separation condition:
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Optimal separation condition constrained firms
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3.G.4 Optimal STW Benefits
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Insert Lagrange multiplier separation condition:
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3.G.5 Optimal Eligibility Condition

Assumption throughout: €f > e, > €}
Further assume that:

neu' (™) +Ag—n-A >0, U (™) + A >0

These conditions exclude the case that the Planner would want to use STW’s hours
distortions to destroy production and thus reduce vacancy posting. The Planner
might want to do that when the Hosios condition is not fulfilled. For reasonable
parameter values, however, the condition should hold anyway. Recall that by
Lemma 1 € > €l and &; > &Y.
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If the equation holds with strict inequality, the cost of hours distortion exceeds
the benefit of providing additional insurance to workers in constrained firms.
Consequently, the Ramsey planner chooses not to allow firms and workers to enter
short-time work (STW) when they could survive without reaching the threshold
€sew = &;- Conversely, if the equation holds with exact equality, the participation
threshold is determined by balancing the additional cost of hours distortions
against the benefit of providing extra insurance.

Candidate II:
FOC for the eligibility threshold:

1-— on
33 — _ns . u/(CW) . _p . (1 _pu) . _uu/(CW)
9 Estw A Estw

1-p an

— A —n-A)—— - (1—pYH- u

(9 n C) A, ( p) aestw
1-p an
=—n-d™+A+n-1A) — -Q—p" —F
(Tl u(c) 0 n c) 2 ( P) aEStW

Under reasonable parameter values (assuming that the Ramsey planner never wants
to use short-time work to impede vacancy posting by destroying the efficiency of the
match, capured by the Lagrange multipliers Ay and A.), we get:

0¥
0 €5t

- . _u
< 0 thusitis optimal to set €y, = €.
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Candidate III:
FOC for the eligibility threshold:

0% 29,

u

!l W
n" - -u' ()
aEStW 8ESIW

n
+ ‘P g(estw) : u/(CW)
1-p

: (Zstw(estw) +

a-p)
A

p
+ z : g(estw)

u(Cstw(estw)) . Cstw(estw) . (Z n .Q))
u'(c”)
o0,

+ Ay .
0 €gtw

-(1—p")

u(cstw(estw)) - u(b)
. [z(estw) + NED)
1—n A=n-f k,
- Cstw(estw) - b+ 1 f _i|
I-n ¢
— A OWE +2 8(€grw) 1 A St 0.

O€gy A

Insert n“

0% 1— on
- —ns-(l—p”)-(—p)- L (™)

d €stw A aestw
+n- 2 - g(egw) - u'(c) - (zstw(estw) + —u(CStW(EStW)))
A HeED)
—n’- % : g(estw) : u,(cw) : (Cstw(estw) +z+ ‘Q)
g(€Egrw) 20,
+Ag-=—=-(1— 1—p0%)-
0 1 1-pA—-p") dew
p U(Cgrw (Esew)) —u(d) 1—
+ X ' g(estw) ' (Zstw(estw) + S uft(vgw) - Cstw(estw) -
A—n-
=0
| q
OWE !
_Ac' +B'g(estw)'ns'}'nc>0

O€gy A
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S (W . —o¥). 1;p .agu
- U™+ ) - 1—p" ( A ) 0€grw

+n- P - g(egy) - U ()

A

(st + 2D () = G4 ) + s )
u/(cw) I( w)
+ % ) g(estw) ) [Zstw(estw) + U(Cstw(estw)) - U(b) _ Cstw(estw)
u'(c")
_1-n .bﬂ—”'f.(&)]
n 1—n q
o JOWE ;
‘ 0 €grw

Insert A, and subtract decentralized separation condition for constrained firms:

Ag ) (1-p) 212, 1
( n® - u'(c%) A P aestw g(estw)

. |:b + Zgw (Esew) + s (Eotw)) — u(b) — Cotw (Esew)
u’(c")

+A—n f+x-A—=0H (&)}
1—77 q
ey [Tstw (h— hstw(estw)) b]

A _(aWE_ 1 9Sswlesn) P .b) !
ns - u'(c") aestw g(estw) aestw A 1

+

>

Subtract decentralized separation condition:

( )_(1—p)_(1_ u).a'Qu. 1
ns-u’(cw) A p O€gw &(Egew)
U (Cspw (Estw)) — U(Cory (€5))
+2 [stw(ema () +

— 1 k
= T (=€) 45+ A =p)- A=)+ (2= =T ) - —”]
1-m/) 1=y ¢
u(cstw(estw)) - u(cstw(eg))
u'(c)

A p
R RN
—Tstw * (h - hstw(eg)) + b]
A ( OWE 1 3Suu(esw) , P b) |

ns - u'(c%) 0 €grw . g(egtw) 0 €grw A S n

Inserting for (y — ﬁ) 1= * g 8ives us the final condition. We can distinguish be-
tween three cases:
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A)

S

g(€Esrw) - % T |:Zstw(€stw) _Zstw(eg)

u(cstw(estw)) - u(cstw(es)) A c
* eD) 7o T (- h“w(es))]

1—p o0,
>n .= (1—p)- +BE
4 A 1=p) 0 €y

: — C
Vegwincase2 = €gy = &

(B)

P c
g(estw) : z noe [Zstw(estw) _Zstw(es)

u(cstw(estw)) - u(cstw(eg)) n &
u'(cv) f

< ns . 1— . (1 J— . aQu
) + BE
A Estw

-b— Tstw * (h - hstw(eg))]

Vegwincase2 = ey, = max{, &Y}
©

g(€Esrw) - % nt - |:Zstw(€stw) _Zstw(eg)

u(cstw(estw)) - u(cstw(eg)) A c
D) b T (- h“w(es))]

1-— an
:ns._p.(l_p). Y 4 BE
A Estw

BE is defined as:

BE = g(estw) '

Ac .(8WE. 1 OSawleaw) | _b)
w(ew) \degw 8(esw) 9 €stw ! n

Ag
/(1 T ns . u/(cw))

The Bargaining effect from the proposition is equal BE/MMS,__ . This concludes the
proof of Proposition 4.

3.6.6 Optimal Unemployment Insurance with STW

From the FOC of UL, we can derive the optimality condition of unemployment insur-
ance:
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1-n /(b
A—n)- () —u'() = 19(1—p)-( n, u® )
n u’(cv)

+ (Aeé‘ +AE§ + A«eg) : (_5((53))
1- ‘(b
+7tc(1—p)-(n-Tn+(1—n) : :f((cw)))

To get better insight, we need to determine the Lagrange multipliers for A4, A.. We
already know the Lagrange multipliers for the separation conditions

Aee  1—p g(€&)
_ns-u’(cW) A 352‘cw(6?)
(( -u’(cw)) ( T“W'(E_h“w(e?)))
A b 1 A 3WE
+————(n =
ns - u'(c%) n (eu) 1—p Jdet
Age

&9 A
__ s  _ P, gCE ((1_,_—9).&.1,
ns - u/(c%) A 98w (&) f

nS . u/ CW
e ()

A b 1 A OWE
4 L+ L. -1 < E°
ns - u/(CW) (’f) n g(gg) p agg )) (estw gs)

)‘Eg p g(ec) AQ A -
s u!(ev) ~ asgéw(ec) ' ((1 + ns - u’(CW)) ' (? b= Ty - (h —hstw(eﬁ)))
€§

- S

- by L A OWE 1(egw = €9)
ns - u'(c%) K n g) p Jé€ st

First, let us find an expression for A
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oL | o o u@) —u® u'( )
FE [(1 pd=p) u’(c") u’(c")
. u¢ —u(b) ' u” (™) _
+p-(1—p9) W () u’(cW):| 0

WY — u(b (W
—A-m-0-p)-A—p"- (1 —dmm u(cu3(cw§l( 3 Z((ccw)))
cy . — . uc _u(b) . u”(cw) .
—A=p)-A=p)-A=n) wiew) W)

N u(c) —u() ' u” (™) 'y
u’(cw) u'(cw) €
N ue(E)) —u®d (")
u' (V) wiew F
N u(cgw (€5)) —u(b) _ u” (™) e =0
u’(cv) u’(c%) s

Insert Lagrange multipliers for separation conditions

u“ u(c) —u(b) . u”’ () B . u¢ —u(b) ' u”’ (™)
_(p(l_p ) u’(cv) u'(cv) td=pd=p) u’(cv) u’(cw)) o
—a-m-(a-p-a-p9-(1-a-p HOE L)

u'(c") u'(c")

o B . u¢ —u() . u”(CW)
—-p-1—p9Y-A—m) u(ew) ' (ew) ) ‘
Jdef 1— 4 A
ol g (@) + ) (

Z b=ty (=€)
e b N 1 A OWE
e\ n gley) 1—p OJe

o8 p (s oI pw A b 1 A OWE
Foo a s '“(C)”")'(?'b”“(”'ﬁ‘g(sg)'5' aag))
“Legw < &)

agg p c N ! W )L T c
+aCW'X'g(£s)(n -u'(c )+7L@)'(f'b—TstW'(h—hstw(gs)))

b 1 A OWE
+A‘C. =4 . —_ 'H(EWZGC):O
(n n g p & ) * s

Rearranging yields
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o gtotal o WEtotal
0 =2- dcw A dcvw
Jdet 11— A 7
+ 8cvsv : Tp gl -n®-u' (™) (J; b= Tw (h_hstw(e?)))
agc p C S w A ¢
ac:/ .X.g(gs) - (c )-J—C-b-ﬂ(estw < &)
36; p c S ! W A h ¢ ¢
* ) -gle) -’ -u(c”) - J_f b= Tow (h—=hgw(€)) | - Ll = €))
with
g gtotal u@) —ud u"(™
— 1 _ . 1 _ u . .
aCW ( p) ( P ) u,(CW) ul(cw)
u—ud) u'(™)
—p-(1—09- .
p-(1=p9) u(ew)  u'(ew)
de' 1— A 7
+ acj/ . Tp g(e?) . (?b — Tstw * (h - hstw(eg)))
0&° A
3c; .%.g(gg).?-b-ﬂ(estw < &)
Jde; p A =
* dcw ' X .g(eg) ' (]_':b — Tstw (h _hstw(eg))) s = EE)
and
oWEtl e (mp)- (b (1 Ca—m. u(c) —u(b) ' u//(cw))
dov m-t=p p Py v

+p-(1=p)-A—=mn)-

+
acv
+ 2%

+
acv

Jde!

©n

acv
) ej

Collecting terms:

-1

p

A
p

A

1-— b 1 A OWE
—p.g(eg)xc.(n.g_i_ . . )

A

u¢ —u(b) . u” (™)
u(ev) u'(™)

b 1 A OWE
. Y. - - — L -1 <
sE A (” noogE) p 365) (G = &
. (EC)'A . .E_ 1 .1. 8WE ]]_(6 > ec)
g s C n n g(eg) p aeg stw = K

u
Je;

Ao =

(5

acv A
36§ p

+
dev A

aStotal
4+ ——==
( dcv

total [

+35§ p

boXoild

1- Iew A r u
)Lp -gle)-n’-u'(c )(?'b_fstw'(h_hstw(es)))

A
g(E) - () (? - b) e < &9

2 )
-g(e) -n®-u' (™) (}7 b= T (R— hstw(ej))) “1egw = €5)

)
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Insert A. into the Lagrange multipliers for the separation conditions. To do that, let
us rewrite the Lagrange multipliers of the separation conditions:

_ 1 s rrwy P u A’G
A = REENE) (n ~u'(c) - 1 -gle)| 1+ e
T oel

s

A _
: (]T -b— Tstw * (h - hstw(eg)))
) 8n.(_3WE)+8ME
“\dev on del

I(egw < &) w ) A A

stw nS -u' ()
o€

+ A, on (8WE)+3WE
ER] on IS

1(egy = €9) A
Aeg = —W(ns.u/(c ) - % g(EE) (1+ﬁ/9(cw))
de€s
A
(F 0= m =)

+ 2, on ( 3WE BWE
dec c aec

Inserting A, gives:

7(,11:

I S R e u( Ag )(&_ - u)
stw(E?)[ u'(c") 2 g(e;) 1+n5u/(cw) fb Tsrw (M — Ry (€1))

oSk
Jed

on dcv ol 1
+ — +
deu ( on ) ( det )

ae": 1_p u S W A’ A u
. (acw = -g(e") - n’u'(c )(J;b— Tstw(h—hstw(es)))

0L, P cvey. s 1o . 2 :
S -g(&) -n*u' () - }Tb “1lesw = &)
36§ p c S e w A L c ¢
acv A -gle) -mu'(c )(?b — Tsew(h _hstw(es))) e =€)

aStotal
(%) )]
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Age =
]l(estw = §C) S Irw p ¢ A9 A T c
T[ ~ru e %86 (14 s ) (75 e )

N on _@)total N acv total
aec\" an aEe
1

del 1— / A ;
. ( 2P e () (]—Eb — Tow —hstw(fé‘)))

dcv A
agg p c w C
N R G R CRC RO

aeg P c Sl W A T c c
+ Frriy -g(e) -m'u (") J;b—’cstw(h—hstw(es)) cL(egew =€)

astotal
(%) )]

A =
:ﬂ.(estw = c) w c ),0 A _ .
e [ e G e ( o () ) (f P T h“w(es)))

.\ an( acv )total+ acv total
de¢ on Je¢

Jdef 1— 1-p N} _ .
(8cw 1 -g(e) - n'u (c )(?b—rstw(h—hstw(es)))

gg p c S/ W A ¢
Tor . z -g(gs) -nu’' (") - ;b clegew < gs)
Jde; p

I w A I ¢ ¢
e B (RGOl (O EE R INES)) FETCEE

aStotal
(%) =)

Now we have everything to calculate A4 from two equations:
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. A9+n-l-kc).§
_(1+ ns - u (cW) f
1 1 1
2 x 1_n'u.f'u,(cw)'[Y—(AY—fn)'(z(l—P)Ae—Aeg)}
LR S P LM))
o (A f u(c)+(1_n 7 n |- Ag
LR S S g ;M_—f))
+u D) (A f u(c)+(1_n 7 AES
fr. 1, 2WE 1
u u(w) ¢ 26 k,
1 1
————IE,
u u(w)
We can rearrange (1) to:
n—y k, ( ?\e+n~7t-7tc) b)
k. =0-=v)-q ——+ .2 1420 1T 7 )2
ok =a-7) q((l—y)(l—n) q+ " ns - u/(cv) f
Note that of
(1—Y)'q=—%
with
f1(6) = q6)+6-4(0)
q’(G)-G)
= g0 -1+ 1222
1) ( T T®
=q0)-0A—-7)
Inserting y gives:
k,
[r=@r—=f-m1- (1—p)-1—-7-7te
v (£, (= k ( M)é)
= u (30) ! ((1—Y)(1—n) q ! ns - u/(cv) f
1
e ;M_—f) ) (-
+(A 7 u'(c (es))+(1_n 7 n |-k, - (=Ag)
Y / 1 AY—f
+|lA-=- ((g))"'(——) )'kv'(_lec)
(r-F e+ (75 ) f
JOWE
+W'(—Ac)

+IE,
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Insert Agu, Aec, Az, IEg:

1 1k
[Y_(AY—f'n)'Z~(1—p)i|-T._V.

_/w,ﬁ..L,_v( Ao )13)
= u(c") (89) u ((1—Y)(1—n) q+ 1+ ———

nsul(cw) f
oet total
+u' () -n®- (— 895 ) -g(en)

. 1—p Ag )(& _ - . )
A (1 " nsu’(c") fb Torw (= o (€5))

C

o . 65 total . D 19 2 .
e (<50 ) e (e ) ot < 0
aec total

p A A -
2 (1 i nsu’(ecw) ) (J?b — Taw(h — hstw(6§))) Llegw = €9)
acv total as total
Ag | —— B
T ( a0 ) ( acw)

+n5-u’(cw)-(1+ Ao )'IEG

nsu’(c%)
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36? total B 86? N (acw )total 36;1
a0 IREL 26 v
n _36? on (_E)total—i— ac” total ae;‘
o0 Jel on det dcw
on 9c" 3_6?

O T Gn G

8§§ total _ agg 9w\ total ag;
() -l=)6) (=)
+(_g)- (an).(_@)total+(acw total (afg)
00 o8& on o dcv
on ocv OF

O 5 G o] 1o < 8D
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( aeg)total _ [( 365) +(acw)total ( 362)
26 a6 a6 dcv
N (_aeg) . K an ) . ( o )total s (acw)“’tal] 0€
o0 Je¢ on Jes acv
on dc” OJe;

+£(0) - oF on B_W] L(egw = €)

ocv total,2 acv total
(_%) N (_%)
(- de! ) .

0
o&"
)

on ) ( ac” )t‘)tal ( oc” )mtal-
A== +
€l n 86’3”

0 0 bl
on ocv total v total ]
+( o 865)'(_5) +(9€§) |
e B on total acv total 7]
+(_89)' (865)' +(8e§) _
on dc¢”

+1(6) - a_f P

|
Q|
o
= ‘ s
N———

This allows us to calculate the Lagrange multiplier for the job-creation condition:

M'Ag -

& + (1 + 7(,9 ) . 9)
a-pa-n —Y)(l -n) q nsu'(cv) ) f

a0

aeu total 2 _
+u' (") -n ( ) g(eu) Tp (?b — Tsw(h — hstw(eg)))

¢\ total
A
g ) (gc ' X : j_fb L(esw < gﬁ)

+u' (™) -’

o . 865 total .

+d'(™)-nt- ~79 -g(€))
p )L 1 c c
2 JTb — Tsow(h = hgw(€)) | - Llegw = €)

+u' (") -n® - IE,

with
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1 1 k,
M = [Y—(AY_f‘n)'X'(l—P):I'm'?

of b

(=55 7°7)

86? total . 1 2 ) )
+ 70 -gle;) - — (?b — Tgw(h — hstw(es)))

a c total A,
o(56) weffaea s 8

aeg total . p Ab Fl , ) o
+ 20 -g((:‘s) ' E .F _Tstw( - stw(es)) : IL(estw = Es)

ac” total s total
’ (_e) (_a_)
+1E,

Note. zlw denotes the general equilibrium effect of an increase of the joint surplus

(%) =%
2s M

on 6:

Rearranging for A4 gives:

M'Ae =

oy (SN n=r Kk &.)
(e (as) u ((1—@(1—7;) PP

lew s 86? ¥ u 1- A b ]_1 h u
+u'(c")-n’- ~ s 'g(fs)'T(]?' T e stw(fs)))
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+u/(CW),n5.((_ gs) ,g(gg). B.&.b.ﬂ(estw S gg))
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8e§ ge c p A = c c
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+u' (™) -n® (%) IE,
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1 ¢ u' (" (€) —u'(c™)
ﬁse:—-U AL / dG(e)
1=p¢ | Jomaxtegzr f u'(c)

A-L dG(e)} 'k,

_ f maxleed U (g (€)) — (™)
e f u’(c¥)
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Note:
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Following the same arguments, we can express the Lagrange multiplier for the sep-
aration conditions as:
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u'(c) on ¥ (A . )
A _(68“ (e“))mtal[(aeg) '(fb_fstw(h—hstw(es)))
gc ge on A C
+( ) B e S 8
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For convenience, the optimal UI benefits are reproduced here:

gy (8N anpa
[(%g) ' Jeu (?b_TStw(h_hstw(gs)))
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— / b

1—n) - Wb —u'(") = ?\9(1—10)'( LA ))
n u'(cv)
u’'(b)

T e+ A+ Ae) - (_u’(cw))

1— '
+lf(r—p}(n-—zz+(r—m-5é%)

Inserting the Lagrange multiplier gives:
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indirect effect
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3.H Proofof Lemma 1l

Separation condition: unconstrained matches

") —u(b - A—n-f k
rng () + LB ey 4 2 K
u'(cv) 1— q
Separation condition: constrained matches
U(Cr (€9)) — u(b) k
stw\Eg n (A —f) K
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Remember:

_ k,
Csew(€) = Zg (€5) + Tyw(h —h(€)) + A - r
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This allows us to rewrite the separation condition of constrained firms on STW as:

u(cgry (€5)) —u(d)
u'(c")

A=mn-f
1-n

Zrw (€9) + — Corw (€9) + Tory (R — h(€9) +

k
.Y =0
q

T.b.s.: €, > e/ (the proof for & > & is completely analogous)
Note: " > ¢y, (€)

eg > e? & Zgw(e) + %C_Wl)l(m -+ Tstw(fl — h(e))
LAk
1-m ¢
2 Zgw(€) + u(CStwyjle()c?/V)_ i — Cstw (€)
+ Tyw(h = h(€)) + ?f"f : %

ul@) _ w o ulesn(€)) e(©)
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w

= J [u’ ©—-1u (CW)] dc >0 v (due to risk aversion)
C.

sew (€)
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3.1 Calibration

To calibrate the model, the following system of equations can be solved, taking tar-
gets as exogenous. The endogenous model variables used in the system are pinned
down at equilibrium level as well. Note that we use 8 = 1.

Exogenous:
fs @0, brepsm
Endogenous:
ke, m,b, e, €l,c", w
M
p = (1—p)-G(e)+p-G(e)
(ID
0= a(e) 4 a-pq - u® W A=nf K
S u/(CW) 1 -7 q
(I
0= z(ep)+7t-li—cw
q
(Iv)
“) —u
wele) —u®) |k
u'(cv) 1-7m ¢
V)
1 k, _1f . - ( 1-n
oy alame ()
+A-pA-pY- (M _Cw)
u'(cv)
+p(1—p9)- (—u(c )—u®) _ ec)
u'(cv)
+—py 2200 k—}
I-n ¢
(VD

(1_P)'(1—9”)-(n-cw+(1_n).M)

u'(c")
= n-a-p)(s+ b w00k
u¢ —u(b) +7)'€C:|

—p-(l—p)~[(1—n)~ D)
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(VID
w = ﬁ : ((1 —p)- Loo [¢" + ¢ (h(e))]dG(e)
+p- foo [c" + ¢ (h(e))]dG(e)
+p- fep [c(e) + ¢(h(€))]dG(6))
(VIID) |

b = bep - w

3.) Optimization

To optimize for policy parameters, we use the following algorithm: First we use
the global Covariance Matrix Adaptation Evolution Strategy (CMA-ES) with 8 ran-
dom starting points. Then we select the best 4 solutions and use a local trust region
optimization algorithm to further optimize these candidates. As the local optimiza-
tion algorithm we rely on BOBYQA (Bound Optimization BY Quadratic Approxima-
tion). Finally, we select the best solution among these 4 candidates as the optimal
policy parameters. This procedure is conducted independently for each value of p.
Note, that since the Ramsey planner must obey the equilibrium conditions, each
welfare evaluation of welfare within these optimization algorithms requires solving
the model for the given policy parameters. We rely on an evenly spaced grid for p
of 96 points between 0 and 1.
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