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Abstract

This PhD thesis is composed of three chapters on causes and consequences of inequal-
ity.
The first chapter relates the observed increase in levels and dispersion of the U.S. top
wages to the increasing prominence of headhunters (professional recruiters). I illus-
trate the main results with a theoretical model that incorporates headhunters in the
labor market framework of random search and two-sided heterogeneity. In the model,
headhunters improve assortative matching between firms and their top employees via
two channels: passive on-the-job search and screening of candidates. The calibrated
model shows that headhunters can account for 40% of the increase in the top 1% wage
share and 70% of the increase in the top 10% wage share in the U.S. from 1970 to 2010.
I provide supporting empirical evidence on the importance of headhunters for the rise
in top wages based on cross-country evidence on headhunter hires/fees and top in-
come growth, as well as on micro evidence for CEO compensation in the U.S.
The second chapter studies the effects of the safety net on the individual well-being
of the workers. We use a model with incomplete markets, nominal rigidities, and fric-
tional labor market to study direct and general equilibrium effects of the safety net on
consumption and labor market outcomes of individual agents. We study three pro-
grams: unemployment insurance, social assistance (SNAP and TANF), and tax credit
(EITC). We show that individual consumption given assets is higher with stronger
safety net but the distribution over assets shifts to the left. The two effects almost can-
cel out for aggregate consumption. Distribution of consumption is more concentrated
with stronger safety net, incidence of very low consumption disappears and incidence
of very high consumption decreases. Similar effects appear for the labor market out-
comes (search intensity, job finding rates, unemployment duration). Nash bargained
wages for low- and high-skilled workers are also moved apart.
The third chapter studies the effects of safety net on the dynamics of the economy. Two
important channels are considered - aggregate demand, and search incentives channel.
Safety net reduces the volatility of the economy through the aggregate demand channel
due to stabilization of individual consumption, while increases the volatility through
the search incentives channel due to higher volatility of hiring and search intensity. We
use a simplified version of the model introduced in Chapter 2 without assets distribu-
tion as a state. We illustrate the importance of the trade-off between these two channels
in the design of optimal safety net.
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1. Introduction

This PhD thesis studies the causes and consequences of inequalities across agents. First
chapter focuses on one cause of the rise of wage inequality - matching heterogeneous
between workers and firms. The chapter shows that improved matching at the top
of the wage distribution led to the surge in top wages over the last forty years. The
chapter shows that the reason for the improved matching was the rising role of head-
hunters in the labor market. Headhunters reduce frictions at the top by allowing firms
to screen workers and allow for passive search on the workers’ side. These two fea-
tures lead to a disproportionate improvement in matching at the top of the distribution
that leads to the surge of top wages. The chapter shows in quantitative experiments
that the headhunters contributed to 40% of the increase in the top 1% wage share and
70% of the increase in the top 10% wage share in the U.S. from 1970 to 2010.
Second and third chapters focus on the consequences of income and wealth inequal-
ity on the individual outcomes and decisions and how they are affected, in turn, by
the social safety net. Both chapters use the model with incomplete markets, nominal
rigidities, and frictional labor market. Second chapter focuses on the steady-state of
the model, how the safety net programs affect the steady state distribution over assets,
consumption, and welfare. It shows that stronger safety net shifts up the policy func-
tions of all agents due to direct effect of transfers and reduced precautionary savings
motive. At the same time, the distribution of agents over assets shifts towards zero
that has an offsetting effect on consumption. With stronger safety net the distribution
of individual consumption is compressed towards higher levels of consumption. Third
chapter focuses on the dynamic response of the model to productivity shocks. In order
to reach analytical tractability we assume that the agents pull their assets in the end of
every period while keeping idiosyncratic uncertainty within each period. We focus on
the unemployment insurance and show how the model can be extended to incorporate
other safety net programs. We demonstrate the importance of the trade-off between
the aggregate demand channel and the labor market channels. When unemployment
insurance is too low, the aggregate demand channel dominates and volatility of the
economy increases. When, instead, unemployment insurance is too high, the labor
market channels dominate increasing the volatility of the economy.
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2. The Role of Headhunters in Wage

Inequality: It’s All about Matching
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Abstract

This study relates the observed increase in levels and dispersion of the U.S. top wages
to the increasing prominence of headhunters (professional recruiters). I illustrate the
main results with a theoretical model that incorporates headhunters in the labor mar-
ket framework of random search and two-sided heterogeneity. In the model, head-
hunters improve assortative matching between firms and their top employees via two
channels: passive on-the-job search and screening of candidates. The calibrated model
shows that headhunters can account for 40% of the increase in the top 1% wage share
and 70% of the increase in the top 10% wage share in the U.S. from 1970 to 2010. I pro-
vide supporting empirical evidence on the importance of headhunters for the rise in
top wages based on cross-country evidence on headhunter hires/fees and top income
growth, as well as on micro evidence for CEO compensation in the U.S.
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2.1 Introduction

Top wages have been rising sharply in the United States from the early 1970s. One of
the reasons for this rise is improved matching between firms and employees at the top
positions (especially CEOs and top managers), as documented by Song, Price, Guve-
nen, Bloom, & von Wachter (2016). The conventional view attributes the improvement
in matching to a large extent to skill-biased technological change which raises incen-
tives for firms and workers to be better matched. However, while this explanation is
successful in explaining the rise of the upper-middle class, it has difficulties to explain
the sharp rise of top wage. The results by Song et al. (2016) reveal a strong non-linearity
in the sorting pattern, that is, a disproportional shift of high-skilled workers to high-
paying firms in comparison to medium-skilled workers to medium-paying firms, that
cannot be generated by standard models of labor markets.

In this study, I develop a model where improved matching at the top is explained
by the increasing role of headhunters, or executive search firms, in the labor market.
Headhunters, who started to gain market share in the U.S. in the 1970s and now assist
to fill more than half of the positions in the top wage segment, enhance matching for
two reasons. First, they provide more suitable candidates for the firm because they
can screen the candidates better. Second, they induce passive on-the-job search as they
contact potential candidates directly, creating opportunities for new matches without
active search from workers on the job. To be clear, the headhunters restrict the pool of
potential candidates facing firms to only the high-skilled workers, while at the same
time, expand the pool of potential candidates to a larger number of those high-skilled
workers. These two features guarantee a good match to both the firm and the high-
skilled worker, increasing productivity when the match is formed through a head-
hunter, and therefore allowing wages of such matches to increase. Because executive
search firms operate on the top wage segment, these improvements in the matching do
not happen (or happen to a lower degree) over the rest of the distribution, leading top
wages to increase much more compared to the rest of the distribution. Headhunters
generate a strong non-linearity in matching upgrade because they operate exclusively
at the very top.

The main indicator of the relative magnitude of top wages used in the literature
is the share of total wages that go to the top 1% or top 10% of all employees (from
now on, just the top 1% or top 10% wage share). Both shares increased dramatically
in the U.S. since the 1970s. The top 1% wage share rose from 5.1% in 1970 to 10.9% in
2010, while the top 10% wage share rose from 25.7% to 34.5%. Figure 2.1 plots both
shares for the U.S. and compares them to the case of France. The comparison provides
suggestive evidence on the role of headhunters for top wages as in France, a country
where headhunters started to gain market share only in the 1990s, top wage shares
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started to rise only in the mid 1990s.
As we said, among the main reasons behind the sharp increase in top wages con-

sidered in the literature is improved matching between firms and employees1. Song
et al. (2016) show using administrative data that improved sorting between workers
and firms was a primary factor for the increase in wage dispersion in the U.S. be-
tween 1980s and 2000s.2 Moreover, a closer investigation of their results in terms of
the joint distribution of workers and firms by individual fixed effects (a proxy for un-
observed skill and productivity) shows that most of the high-skilled workers moved
from low- and medium-productivity firms to high-productivity firms over the years.
Improvement in the matching is thus concentrated in the top part of the distribution
with high-skilled workers toward the end of the sample almost exclusively employed
in high-productive firms3. This pattern is consistent with the headhunters creating a
separate market for high-skilled workers, thus improving matching at the top.

Headhunters were gaining market share in the U.S. at the same time the improve-
ment in sorting at the top was taking place. The fee revenues of top headhunter compa-
nies increased by a factor of 10 from the 1970s to 2010s. The International Association of
Corporate and Professional Recruiters (IACPR) report (2003) states that 54% of the po-
sitions paying above $150,000 a year (around top 5% wages) in 2003 were filled through

1Alternative explanations include: decrease in top income taxes - Alvaredo, Atkinson, Piketty, & Saez
(2013); direct effects of skill-biased technological change on wages - Acemoglu (2002), Katz, Kearney, et
al. (2006), and many others; social norms - Piketty (2014); exogenous changes in random growth theories
- Gabaix, Lasry, Lions, & Moll (2016), Jones (2015), Jones & Kim (2015), and Aoki & Nirei (2015); and
numerous studies on the increase of CEO pay who constitute a significant part of top 10%, including
Gabaix & Landier (2008), Bell & Reenen (2013), and Lemieux, MacLeod, Parent, et al. (2009) among
others.

2In line with the result of Song et al. (2016), Card, Heining, & Kline (2013) find that the increased co-
variance between workers’ and firms’ fixed effects contributed to 30% of the increase in wage dispersion
in West Germany between 1985 and 2009. Bagger, Sorensen, & Vejlin (2013) document similar findings
using Danish data. They find that the correlation between worker and firm fixed effects increased from
-0.07 in 1981 to 0.14 in 2001. Then splitting the sample by the quartiles of worker fixed effects, they find
that the aggregate effect was driven by the top quartile of workers where the correlation increased from
-0.20 to 0.37, while the correlation stayed almost unchanged at around zero for the rest of the quartiles.
Hakanson, Lindqvist, & Vlachos (2015) also document significant increase in sorting in Sweden between
1986 and 2008.

3Estimating a fixed effect regression is only one way to evaluate sorting in the labor market. Eeckhout
& Kircher (2011) show potential problems with identifying sorting with estimated fixed effects. Other
studies propose non-parametric techniques to assess the degree of sorting. In general, such studies find
a higher degree of sorting than in the studies using fixed effects regressions. Notable examples are
Hagedorn, Law, & Manockii (2012) who find the correlation between worker and firm ranks to be 0.75
in Germany, and Lise, Meghir, & Robin (2016) who find significant sorting for college-graduates in the
U.S. These studies mainly focus on the methodology and identifying sorting in a particular period, and
not studying the change in sorting over time. An exception is the study by Schulz & Lochner (2016) who
show, using non-parametric techniques, that sorting increased in Germany between 1998 and 2008.

Tesi di dottorato "Essays on causes and consequences of inequality"
di GORN ALEXEY
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2017
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



4

Figure 2.1: Top 10% and 1% shares of the total wage bill in the U.S. and France.
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This figure plots the top 10% share of the total wage bill in the U.S. (solid blue) and France (solid red),
and the top 1% share of the total wage bill in the U.S. (dashed blue) and France (dashed red). Source:
Piketty (2014).

headhunters, which constitutes a significant share of the labor market, especially for
top-paying positions. Importantly, headhunters are not only focused on specific in-
dustries or positions but rather cover a wide range of positions across all industries in
the economy. A detailed description of the structure and workings of the headhunter
industry, as well as the way it has evolved over time, will be presented in the next sec-
tion. Their key attribute is that they improve matching between firms and employees
as they aim at finding the best candidate for a position. Individual headhunters are
typically focused on a specific position or industry and build detailed databases with
information on the majority of potential candidates for such position or industry. With
this detailed information already in hand, when asked to assist to fill a position they
can choose the best fitting candidate and improve matching. This is the first main fea-
ture of headhunters - better screening of the candidates. After an headhunter chooses a
candidate from its database, it calls the candidate directly and asks whether she wants
to consider a job offer (without specifying the offer). The headhunter contacts any can-
didate who is perceived to be the best fit for the position without the candidate having
to signal interest in changing job. A worker who has not to put effort into receiving an
offer from an headhunter and who agrees to consider the offer is essentially searching
passively on the job. Passive on-the-job search is the second major feature of the head-
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hunter industry. Passive search helps high-skilled workers not getting stuck for long
in positions not fitting them, moving them to a better fitting position and improving
aggregate matching.

To quantify the contribution of better matching induced by headhunters to the in-
crease in top wages, I develop a labor market model along the lines of Mortensen &
Pissarides (1994) augmented with heterogeneous workers and firms4. I introduce the
headhunter industry in the model by adding a new channel for matching workers and
firms. Firms with an open position can either post a vacancy as in the standard model
or hire through an headhunter. The difference for the firm is that while it cannot screen
workers coming through vacancies, the headhunter guarantees the firm a minimal skill
level of the worker with whom the firm is matched. This because only workers with
skills above a certain threshold can receive call from headhunters. Consider now the
worker’s side. Low-skilled workers have access to the standard channel to be matched
with a firm with an open position, and to search on the job they have to pay the search
costs. I call this active on-the-job search. For high-skilled workers, instead, on top
of active on-the-job search, there is also a possibility of passive on-the-job search. A
worker is searching passively, if she agrees to consider an offer when a headhunter
calls5. Screening and passive on-the-job search are exactly the two main features of the
headhunter industry that I introduce to the theoretical model.

Having set up the model, I apply the following calibration strategy. First, I cali-
brate the model without headhunters targeting moments of the wage distribution and
aggregate labor market moments in the 1970s in the U.S.. The key calibrated param-
eters include those characterizing the exogenous distributions of workers over skills
and firms over productivity. The idea is that the U.S. labor market in the 1970s is well
approximated by one with no, or limited, role for headhunters. Having fixed the pa-
rameters not related to the headhunters, I then introduce the headhunter channel to the
model and calibrate the related parameters to target the moments of the headhunter
industry in the 2010s. On top of this, I introduce skill-biased technological change to
match the increase in 90/50 wage ratio from 1970 to 2010 in order to compare the rel-
ative contribution of headhunters and skill-biased technological change for the rise of
the top wage shares. Skill-biased technological change is modeled as an increase in the
degree of complementarity between workers and firms.

To evaluate the role of the headhunter channel, I then exploit the richness of the
model and compare several statistics related to the wage distribution with and with-
out the headhunters. Importantly, I perform experiments in line with Song et al. (2016)

4Other studies including two-sided heterogeneity in the labor market include Shimer & Smith (2000),
Postel-Vinay & Robin (2002), Teulings & Gutier (2014), Gautier & Teulings (2015) and many others.

5Capelli & Hamori (2013) show that more than half of executives are willing to consider an offer
when a headhunter calls them.
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where I compare results from the model generated data to the U.S. data to see if the im-
provement in matching in the model has similar features to the observed improvement
in matching. My calibration strategy answers the question how would the distribution
of wages (and therefore also the top wages) have changed between the 1970s and 2010s
if skill-biased technological change and headhunters had been the only factors rising
top wage inequality. To assess the relative contribution of the two factors, I then shut
down one channel at a time: the increase of the degree of complementarity, or the
headhunter channel. Finally, I also give a chance to skill-biased technological change
to explain all the increase in wage inequality without the headhunters. To do that, I
change the increase in the degree of complementarity to match the increase in the top
10% wage share and assess how the model fits other moments. In the baseline calibra-
tion, I use a simple sharing rule for wage setting. The reason for this is that I want to
isolate the effects of matching. Headhunters may also affect the bargaining power of
firms or employees, for example shifting up wages of employees hired through head-
hunters. I want to abstract from such effects in the main experiment because it would
be difficult to disentangle the relative contributions of matching and wage setting in
the change of the wage distribution6.

The main quantitative result of the paper is that the rise of headhunters accounts
for 40% of the increase in top 1% and 70% of the increase in top 10% wage shares in
the U.S. from the 1970s to 2010s. Skill-biased technological change contributes to an-
other 10% of the top 1% wage share and 23% of the top 10% wage share increase, and
interaction between the two factors rises the top shares by further 10% for top 1% and
5% for top 10%. Headhunters and skill-biased technological change also contribute
equally to the rise of the upper-middle class measured as 90/50 wage ratio. Thus, the
sharp increase of top wages in the model is mainly due to improved assortative match-
ing after introducing headhunters. With headhunters, high-productive firms employ
almost exclusively high-skilled workers and high-skilled workers work almost exclu-
sively in high-productive firms. Comparing joint distributions of worker-firm matches
in the two steady states reveals a pattern similar to the empirical results of Song et
al. (2016), where almost all types of firms, except the highest-paying, lose the highest-
skilled workers and where the highest-paying firms gain those workers disproportion-
ally. The headhunter channel generates the strong non-linearity in the change in assor-
tative matching observed in the data, with disproportionate improvement in matching
for high-skilled workers. I am not aware of other theoretical models able to generate
such non-linearity. If I allow the model to match the increase in the top wages with-
out the headhunter channel, the model overshoots the 90/50 wage ratio by 82%. This
happens exactly because of the absence of a strong non-linearity (SBTC affects more

6 However, I redo the experiments with wages set through explicit bargaining in the appendix.
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high-productive workers, but it is not enough), increase in complementarity shifts the
whole distribution of wages to the right almost uniformly. The non-linearity generated
by the headhunters allows to shift the right tail of the distribution further apart from
the rest of the distribution without changing the overall shape of the distribution in the
middle.7

The model is a significant improvement to other theoretical models showing the
importance of assortative matching for wage distribution. Bagger & Lentz (2014) is
the closest study. They show that on-the-job search is a crucial mechanism to gener-
ate assortative matching in a Diamond-Mortensen-Pissarides model with two-sided
heterogeneity. Bagger & Lentz (2014) consider only active on-the-job search, and this
paper shows that passive on-the-job search is crucial for generating even more assor-
tative matching, concentrated at the top, consistent with empirical studies. Uren &
Virag (2011), instead, show that skill requirements are important to generate an in-
crease in between-group inequality (increased differences between wages of workers
with different skill level). Skill requirements play a similar role as the screening by
headhunters. While this paper focusing on headhunters and the top part of the distri-
bution, Uren & Virag (2011 study the overall shape of the wage distribution.

Headhunters play a major role at the top paying segment of the labor market but
were overlooked by economic research. This paper is first to bring attention to the
phenomenon of headhunters in a macroeconomic perspective and to discuss the ef-
fects of their activity on the outcomes of the labor market and the economy as a whole.
Introducing headhunters in the theoretical models is another contribution of this pa-
per. Particularly as this allows me to introduce the notion of passive on-the-job search
within search models. Passive on-the-job search may prove to be a useful notion also
applied to the medium wage segment for which contingent headhunters hire medium
paying professionals, to job offers received through referrals, or to direct contacts by
employers through websites like LinkedIn. Besides labor markets applications, pas-
sive on-the-job search might capture phenomena in search models of financial markets
where brokers call investors directly offering to buy a particular asset that would fit
their portfolio or other theoretical settings.

To provide support for the relevance of headhunters, this paper presents two blocks
of independent empirical evidence. First, it uses cross-country differences in the use of
headhunters in Europe in 1997 to show that in countries where headhunters made rel-
atively more placements top income shares increased more in the following years. This

7The rise of headhunters can be also viewed as a reason for the shift in the mean income growth
rates for high-skilled workers in the model of Gabaix et al. (2016). Gabaix et al. (2016) introduce an
exogenous increase in mean income growth rate for some workers in 1980s, motivated by globalization
and technological change. Headhunters, who allow high-skilled workers to work for the top firms,
generate the increase in income growth rate for high-skilled workers due to better matches.
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evidence is in line with the prediction of the model that the more the high-productive
firms use headhunters, the better is the improvement of matching at the top, and the
higher are the top wages. And second, the paper studies micro data on CEO compen-
sation of listed companies in the U.S.. Main results are that firms pay significantly more
to new CEOs comparing to the previous ones, and this difference is higher in the peri-
ods when headhunters are used more intensively and in the states where there are less
legal obstacles to the activity of headhunters8. These results suggest that headhunters
indeed improve matching between firms and CEOs and therefore increase the wages
at the top. Of course this is just a suggestive evidence, ideally, it should be identified
which CEO was hired through a headhunter and which CEO was hired through other
sources, but such data is not available, partly because of privacy issues.

On the empirical side, the contribution of this paper is to the hires by headhunters
in a country (or region) as a proxy for the degree of assortative matching at the top.
It is an empirical challenge to identify sorting in the data. Looking through the lens
of the model presented in this paper, the hires by headhunters allow to measure the
degree of assortative matching. The more hires at the top are done by the headhunters,
the better is the assortative matching at the top.

The remainder of the paper is organized as follows. Section 2 discusses the available
empirical evidence about headhunters and headhunter industry. Section 3 presents
the theoretical model. Section 4 presents the calibration of the model and discusses the
implications of the model on wage inequality. Section 5 provides empirical evidence of
cross-country differences in the patterns of top income shares over the last thirty years
and their relation to the headhunter industry. Section 6 presents empirical results of
the effects of changing CEO on the compensation paid by the firm. Section 7 concludes.

2.2 Headhunter industry

This section offers a short description of different types of headhunters, the practices
of headhunters, and the size and the development of the industry over time.

First of all, it is important to distinguish between two types of headhunters - re-
tained headhunters and contingency headhunters. Retained headhunters have an ex-
clusive and often permanent contract with the firm to find and hire an employee for
a particular position or several employees for a set of positions. Many retained head-
hunters have long-term contracts with companies and are used when the firm needs to
feel a certain position. Retained headhunters operate on the very top positions in the
firm structure that pay above $150,000 a year. Retained headhunters are in the focus of

8The legal obstacles are instrumented by the enforceability of non-compete agreements as proposed
by Garmaise (2009).
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this paper. Contingency headhunters, instead, don’t have an exclusive contract with
the firm, so sometimes the firm contacts several contingency headhunters and only the
one that provides the contact with the candidate that is hired is paid by the firm. Con-
tingency headhunters cover mainly the medium skilled positions such as professionals
and general managers, the positions paying between $15,000 and $150,000 a year. Even
though contingency headhunters also cover a significant share of the labor market they
are left aside in this project because their effect on the top wages is thought to be minor.

In order to operate, the headhunters need to establish a database of potential can-
didates. The databases are often very detailed and include information about contacts,
education, prior experience, particular skills, languages spoken, and many others. The
headhunters constantly work on expanding and updating the database. When the
headhunter needs to fill a position, the candidate is chosen from the database with a
goal to have the best fit for the position. The headhunter then contacts the candidate
making an offer to consider a new job possibility, without specifying details about the
job (employer, wage range e.t.c.). If the candidate agrees to consider the offer the head-
hunter interviews the candidate to determine the fit for the position. If the interview is
successful, the offer is revealed and the candidate is connected with the firm. Now the
firm assesses whether it wants to hire the candidate and if it confirms the candidate is
hired by the firm.

Because the costs of creating databases of potential candidates are huge, there are
different types of headhunter companies. There are many boutiques with few employ-
ees that focus on a particular position in a particular industry (or even sub-industry)
and a particular region (sometimes even a city). Because of specialization boutiques
are able to find the best candidate for the position of specialization. Then, there are lo-
cal or specialized companies, who target a specific industry or a region. Finally, there
are few international companies who can provide service for almost any top position
in any industry and region. In general, headhunters cover a wide range of positions:
CEOs, board directors, CFOs, senior executives, general management, top profession-
als in finance and control, information systems, marketing, and sales. They are not
focused only on CEOs as sometimes is perceived but cover almost all the top positions
in companies. Industry composition of headhunter operations is also dispersed, they
operate in all industries. Distribution of fee revenues by industry in the fourth quarter
of 2015 is presented in table 2.1.

Geographical distribution of fee revenues instead is not so homogeneous, as pre-
sented in table 2.2. Most of the revenues headhunters receive from North America, and
mainly the U.S., and Europe is lagging behind with major part of European revenues
coming from the U.K. There might be several reasons for the fact that headhunters are
more widely used in the U.S. than in Europe. One major reason is the difference in
labor market legislation. It is more difficult to be an intermediary in European labor
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Table 2.1: Fee revenues of headhunters by industry, 4th quarter 2015.

Industrial 23.5%
Technology 16.2%

Financial 21.0%
Consumer products 18.0%

Life Sciences/Healthcare 15.2%
Non-Profit 4.4%

Other 1.7%
This table presents the distribution of the estimated worldwide fee revenues over industries in the 4th
quarter 2015. Source: AESC Insights Q4 2015 State of the Executive Search Industry.

market than in the U.S., especially in some countries. Second possible reason is the cost
of creating a database of potential candidates in a new country. The headhunter must
know the specifics of the labor market and the companies operating in the country in
order to understand the skills demanded by companies and the value of observable
signals, such as particular diplomas and experience in particular companies. Because
headhunters first appeared in the U.S. they established the databases and acquired the
knowledge of the labor market and the signals earlier there and therefore are more
efficient.

Table 2.2: Fee revenues of headhunters by region, 4th quarter 2015.

North America 45.5%
EMEA 33.2%

Asia Pacific 16.5%
Latin America 4.8%

This table presents the distribution of the estimated worldwide fee revenues over regions in the 4th
quarter 2015. (EMEA - Europe, Middle East, and Africa) Source: AESC Insights Q4 2015 State of the
Executive Search Industry.

The history of the rise of headhunters started in the U.S. already in the 1950s with
first professional recruiters. However, the first couple of decades were not very suc-
cessful for them. Only in the late 1970s and early 1980s, the industry started to expand
sharply with worldwide fee revenues rising from $0.75 billion in 1978 to $3.9 billion
in 1990. The fee revenues kept rising up to $12 billion in 2015 (figure 2.2a). Partly this
rise was mechanical because top wages were also rising over the same period (figure
2.2b), but the revenues increase was much larger in proportion to the increase of the
wages. Another indicator of the expansion of the industry is the number of hires by
headhunters. For example, the number of assignments of one of the historical leaders
of the industry Korn/Ferry increased from 42 in 1969 to 8,480 in 2015 according to the
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financial statements.
There might be several reasons for the rise of headhunters. Maybe the most im-

portant reason is the technological progress in IT and communication that increased
the quality of the supply of services by headhunters. Developments and growing
availability of computers reduced dramatically the costs of managing and searching
through databases of potential candidates. Communication technology (mobile phones
and emails), instead, made it easier to contact potential candidates and allowed head-
hunters to expand the networks of potential candidates. Companies that adopted new
technologies earlier were more successful in the market9. Another effect of technology
goes through the demand side; better technology made it easier to apply for jobs (es-
pecially in the late 1990s and 2000s). More applications increased the amount of infor-
mation that the firms had to evaluate to hire a worker and the higher was the position
the more information was there to evaluate. It became more efficient for the firms to
delegate the screening of workers for top positions to intermediaries - the headhunters
- and the demand for headhunter service increased. One more potential reason for the
rise that goes through demand is related to the nature of the skills required from em-
ployees in the top positions. Because of technological change, globalization, or change
of company structure, it became more important for the firm to hire employees with
higher general skill in comparison to 1970s. Firms started to use headhunters more
because in the 1990s the skill of the CEO, for example, affected the performance of
the company much more than in 1970s, while the nature and efficiency of headhunters
stayed the same. Even though there is more evidence of the technological supply story,
this paper doesn’t exclude other reasons for the rise of headhunters. Because of the na-
ture of the experiments done in this paper, the actual reason for the rise doesn’t play
a big role for the results of the paper. It will be important, however, to understand
the exact reason for the rise of headhunters better in the future studies of dynamics of
inequality, and the question of the rise of the industry is interesting by itself.

To determine the exact market share of the very closed and private industry is a
very difficult task. One can use IACPR report (2003) that shows that 54% of the po-
sitions above $150,000 a year were filled by headhunters in 2003. Another way to
determine the market share of the headhunters is to compare the estimates of the fee
revenues to the ones implied by the total wage bill. Total fee revenues in the U.S. esti-

9Jenn (1995) writes: “The drive towards a more consistent quality of service throughout the world has
been greatly assisted by the application of information technology to the search business and the use of
global databases. Technological advances have allowed firms to search more widely and communicate
more efficiently. Virtually all executive search firms are attempting to modernise their communications
and database systems on a global basis. ... This is the area where the search world is changing most
dramatically. Firms have a tremendous opportunity to improve their efficiency, achieve better margins
and differentiate themselves from their competitors.”
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Figure 2.2: Estimated worldwide fee revenues of headhunters and top wages.

(a) Estimated worldwide fee revenues of headhunters.
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This figure plots the estimated worldwide fee revenues of the headhunter industry from 1978 to 2015,
in $ billions. Source: AESC Insights Q4 2015 State of the Executive Search Industry.

(b) Cumulative change in headhunters fee revenues and top 1% wage share.
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This figure plots the cumulative change in the estimated worldwide fee revenues of the headhunter
industry from 1978 to 2013 (dashed blue line, left axis), in $ billions, and the cumulative change in
the top 1% wage share in the U.S. from 1978 to 2010 (solid red line, right axis), in %. Both series are
normalized to 0 in 1978. Sources: AESC Insights Q4 2015 State of the Executive Search Industry, Piketty
(2014) , and author’s calculations.
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mated by AESC are around $4.6 billion. From the other side, it is possible to compute
the total wages that go to the top 5% of the U.S. employees from the total wage bill
and the top 5% wage share from studies on inequality. Then, using the hiring rate one
can determine total wage that goes to the new hires in a given year. From the total
wages paid to the new hires, headhunters receive as a fee around 30% of the first year
wage. It is possible to determine what would be the aggregate fee revenues if the share
of the market of headhunters is known. Using the average for the U.S. hiring rate of
3.5%, to be consistent with the estimates by AESC, the share of the headhunters must
be around 15% in the labor market for positions in the top 5%. However, the hiring
rate at the top is, in general, much lower than in the lower-paying jobs, with tenures
being significantly longer. With more realistic hiring rate, the implied market share of
headhunters is more than 30%. This estimate is very imprecise because exact average
fee paid to headhunters and exact hiring rate are unknown.

2.3 The model

2.3.1 Environment

The economy is populated by a continuum of heterogeneous workers differing in their
skill level, e, who supply inelastically one unit of labor if employed. When a worker
is unemployed she benefits from home production activity, unemployment subsidies,
leisure and other possible sources she cannot enjoy during employment, collectively
represented by b. Also, there is a continuum of heterogeneous firms that differ in their
productivity level, p. Each firm can hire one worker. To do this a firm needs to post a
vacancy or to contact a headhunter company. Both workers and firms discount their
future utility with discounting rate β.

All workers, unemployed and employed, can search for a job. Each period work-
ers decide whether to search for a job checking vacancies (search actively) and/or to
be available for a headhunter company (search passively) if her skill is higher than
a threshold ê. Workers searching for a job and firms posting a vacancy are matched
randomly by a standard CRS matching technology. Firms using headhunters are ran-
domly matched with workers with a skill level above ê with a possibly different match-
ing technology. In the baseline model the wage in a match is determined period by
period as a fraction of resulting production of the match. The production of a match
depends on the firm’s productivity level and the worker’s skill level. Firms can choose
only one channel while workers can search both actively and passively (if they are el-
igible) at the same time. Separation of matches depends on two factors: idiosyncratic
exogenous separation shock, s; and worker quitting to another job, sQ (.). There is no
aggregate uncertainty in the model. The paper considers only stationary equilibria.
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2.3.2 Timing

The time is discrete. Inside every period, first, existing matches produce and wages
and unemployment benefits are paid. Then exogenous separations happen. Work-
ers decide in which markets to participate, new firms decide to enter the market and
choose the market to search. After that, workers searching for a job and firms searching
for a worker are matched.

2.3.3 Matching

There are two channels in the labor market: the vacancy, V, and the headhunter, H,
channels. In channel i ∈ {V, H} workers and firms meet by a standard matching tech-
nology: mi = mi (ui + ai, ji), where mi is the number of matches, ui and ai are the num-
bers of unemployed and employed workers participating in the channel, respectively,
and ji ∈ {v, h} is the number of firms participating in the channel. The job finding rate
for a worker using channel i is fi (ui, ai, ji) =

mi(ui+ai,ji)
ui+ai

and the firm’s worker finding

rate is qi (ui, ai, ji) =
mi(ui+ai,ji)

ji
.

2.3.4 Wages and production technology

In the baseline model, the wage is proportional to the match productivity10: w (e, p) =
ψ · y (e, p) with 0 < ψ < 1. Where y (e, p) is increasing and quasi-concave in both com-
ponents, that is y′p > 0, y′e > 0, y′′pp ≤ 0 and y′′ee ≤ 0. Moreover, y (e, p) has a property of
complementarity between the worker’s skill and firm’s productivity, having positive
cross-derivatives: y′′ep > 0, y′′pe > 0. The production function must be supermodular so
that it generates the incentives for positive assortative matching.

2.3.5 Worker problem

Consider first the problem of a low-skilled unemployed worker. The low-skilled un-
employed worker is excluded from the headhunter channel, so the only choice that she
does is between searching through vacancies and not searching. Low-skilled worker’s
value of search can be written as:

SU (e) = max {SUV (e) , 0} , i f e < ê, (2.1)

where:

SUV (e) ≡ fV (.) Ep|V [max {W (e, p) , U (e)} − U (e)]− cwV .

10Other wage setting mechanisms and their implications for the model and main results are consid-
ered in the appendix.
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If she decides to search through vacancies, with probability fV (.) she will receive an
offer that will be drawn from a distribution of firms posting vacancies. She also has to
pay the search cost, cwV , every period of actively searching. When the worker receives
an offer she will choose between working in a firm with productivity p and getting the
difference between the value of employment, W (e, p), and unemployment, U (e), or
staying unemployed and having no gain.

For the high-skilled unemployed worker, the problem is the same but she chooses be-
tween four options: to search through vacancies, to wait for a headhunter call, to do
both, or be inactive. The value of searching through vacancies is the same as for the
low-skilled unemployed worker. The value of waiting for a headhunter call, or search-
ing passively, differs in four respects: it has different probability of an offer arrival,
fH (.); it has different search cost, cwH; the search cost is paid only if the offer arrives;
and, the offer is drawn from a different distribution - distribution of firms using head-
hunters. The value of searching through both channels is just a combination of the two,
with an implicit assumption that better firms are using the headhunter channel11. The
value of the search of a high-skilled unemployed worker can be written as:

SU (e) = max {SUV (e) , SUH (e) , SUVH (e) , 0} , i f e ≥ ê, (2.2)

where

SUH (e) ≡ fH (.)
(

Ep|H [max {W (e, p) , U (e)} − U (e)]− cwH

)
,

SUVH (e) ≡ fH (.)
(

Ep|H [max {W (e, p) , U (e)} − U (e)]− cwH

)
+

+ fV (.) (1 − fH (.)) Ep|V [max {W (e, p) , U (e)} − U (e)]− cwV .

The unemployed worker who did not receive or reject an offer this period consumes
the unemployment benefits and continues the search in the next period. The value of
unemployment for a worker can be written as:

U (e) = b + β (U (e) + SU (e)) . (2.3)

Now consider an employed worker. She also decides whether to participate in the
markets, but with a different outside option. Similarly to the unemployed workers,
the employed low-skilled worker may choose between searching through vacancies or
not to search at all. Now, the outside option for the worker is her previous employment
rather than unemployment. For a low-skilled employed worker the value of search can be
written as:

11This assumption is used already here for the convenience of notation.
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SE (e, p) = max {SEV (e, p) , 0} , i f e < ê, (2.4)

where

SEV (e, p) ≡ fV (.) Ep′ |V
[
max

{
W
(
e, p′
)

, W (e, p)
}− W (e, p)

]− cwV .

The employed high-skilled worker may choose again between four options: search-
ing through vacancy, headhunter, or both channels, or not to search at all. For a high-
skilled employed worker the value of search can be written as:

SE (e, p) = max {SEV (ep) , SEH (e, p) , SEVH (e, p) , 0} , i f e ≥ ê, (2.5)

where the value of search through the vacancies is exactly the same as for a low-skilled
worker and

SEH (e, p) ≡ fH (.)
(

Ep′ |H
[
max

{
W
(
e, p′
)

, W (e, p)
}− W (e, p)

]− cwH

)
,

SEVH (e, p) ≡ fH (.)
(

Ep|H [max {W (e, p′) , W (e, p)} − W (e, p)]− cwH

)
+

+ fV (.) (1 − fH (.)) Ep|V [max {W (e, p′) , W (e, p)} − W (e, p)]− cwV .

If a worker decides to stay in a firm or does not receive an offer, she consumes the
current wage this period, and next period the match can be exogenously separated
with probability s, in which case the worker becomes unemployed, or with probability
(1 − s) the match survives and the worker can continue to search on-the-job. The value
of work for any worker is:

W (e, p) = w (e, p) + β (sU (e) + (1 − s) (W (e, p) + SE (e, p))) . (2.6)

2.3.6 Firm problem

Firms also choose channels in the same manner as the workers, but they all solve the
same problem (regardless of their productivity level) and they may choose only one
channel, having the value of a vacant job defined as:

V (p) = max {VV (p) ; VH (p) ; 0} . (2.7)

If the firm decides to post a vacancy, it pays the per-period cost c f V · p and is
matched with a worker with probability qV (.) and hires her if she accepts the offer.
It happens when the worker doesn’t have a better offer at the same period and if she
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worked in a worse firm (if searching on-the-job). The value of posting a vacancy for a
firm is:

VV (p) = −c f V · p + β
(

V (p) + qV (.) Ee|V [P (A) (J (p, e)− V (p))]
)

, (2.8)

where P (A) is the probability of acceptance of the offer by the worker. In general, this
probability might depend on many factors: the skill of the worker, the productivity of
this firm, the productivity of the current employer of the worker, another offer to the
worker, etc. But in the structure of equilibrium that will be considered here, the exact
functional form for this probability is relatively simple.

Similarly, if a firm decides to hire through a headhunter, it pays a per-period cost
c f H · p and is matched with a worker with probability qH (.). The value of hiring
through a headhunter is:

VH (p) = −c f H · p + β
(

V (p) + qH (.) Ee|H [P (A) (J (p, e)− V (p))]
)

. (2.9)

If the firm hires a worker or a match stays for this period, the firm receives the
product of the match, pays the wage and in the next period the match is separated for
exogenous reasons with probability s or because the worker quits to another firm with
probability sQ (.)12, and the firm has to substitute the worker, or survives otherwise.
So the value of a firm can be written as:

J (p, e) = y (e, p)− w (e, p) +
+β
((

s + sQ (.) (1 − s)
)

V (p) +
(
1 − sQ (.)

)
(1 − s) J (p, e)

)
.

(2.10)

The free entry condition for the firms is the following:

Ep [V (p)] = F, (2.11)

where F is a fixed cost of creating a firm that is paid once to enter the market. It is
assumed that before entering the market, firms do not know their level of productivity.
Another interpretation of this assumption can be that a firm is created with not just a
single vacancy but with a distribution of positions that it needs to fill.

2.3.7 Steady-state separating equilibrium

In this section, a particular structure of the equilibrium will be considered. The most
reasonable scenario, given supermodularity of the production function, is that high-
productive firms would hire through the headhunter channel while low-productive
firms would use the standard channel.

12The arguments of the function are dropped for convenience of notation, but in general it depends on
the firm productivity level, worker’s skill level, and characteristics of the labor market in both channels.
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Distributions

First, we need to specify distributions that will be used in expectations. Let F (p) be
an initial distribution of firm productivity levels and G (p) the measure of firms with
an open vacancy (both CDFs have support

[
p, p
]
). Denote as p̂ the cutoff level of firm

productivity, such that firms with productivity above p̂ hire through a headhunter and
firms below p̂ post a vacancy, so the fraction of firms posting a vacancy is G( p̂)

G(p) .
Let H (e) be the initial distribution of all workers over skill levels, LV (e) be the

measure of employed workers searching for a job through the vacancy channel, LH (e)
the measure of employed workers searching for a job through the headhunter channel,
LVH (e) the measure of employed workers searching for a job through both channels,
and U (e) the measure of unemployed workers over the skill level (all with support[e, e]).

Finally, let Φ (e, p) be the joint measure of active matches. And Λi (e, p) be the mea-
sure of active matches in which a worker is searching for a new job through channel
i ∈ {V, H, VH}.

Workers

Given the structure of the equilibrium under consideration and the distributions
defined above we can now specify the expectations.

Under our assumptions, low-skilled workers are excluded from the headhunter
channel so they can search only through vacancies. Their value of search will be:

SU (e) = SUV (e) ≡ fV (uV , aV , v)
∫ p̂

p
(W (e, p)− U (e)) dG (p)− cwV . (2.12)

For high-skilled unemployed workers it is optimal to search through both channels,
so their value of search is the following:

SU (e) = SUVH (e) ≡ fH (uH, aH, h)
(∫ p

p̂ (W (e, p)− U (e)) dG (p)− cwH

)
+

+ fV (uV , aV , v) (1 − fH (uH, aH, h))
∫ p̂

p (W (e, p)− U (e)) dG (p)− cwV .
(2.13)

Under our assumption, better firms use the headhunter channel, so if unemployed
high-skilled worker receives an offer from a headhunter she will accept it regardless
of receiving an offer through vacancy channel or not. Instead, this worker will accept
an offer from vacancy channel only if she doesn’t receive an offer from the headhunter
channel at that period.

Again, for employed workers the value of search is the same as the value of search
for unemployed except from the outside option. We can define the value of search of
low-skilled employed worker as:
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SEV (e, p) ≡ fV (uV , aV , v)
∫ p̂

p
max

{
W
(
e, p′
)− W (e, p) ; 0

}
dG
(

p′
)− cwV . (2.14)

Or, opening the max inside the integral:

SEV (e, p) ≡ fV (uV , aV , v)
∫ p̂

p

(
W
(
e, p′
)− W (e, p)

)
dG
(

p′
)− cwV .

The employed worker accepts a new match only if she is matched with a better firm.
To search from employment, the value of search for a worker with skill e working

in a firm with productivity p must be positive:

SEV (e, p) ≥ 0.

This equation (when satisfied with equality) implicitly determines the level of the firm
productivity such that a worker with a skill level e does not search for a new job: p̃V (e)
(for e < ê). So that, if a worker with skill e works in a firm with productivity below
p̃V (e), she searches for another job and doesn’t search otherwise. Her value function
of searching will be as before:

SE (e, p) = max {SEV (e, p) ; 0} .

For a high-skilled employed worker the value of search is now consists of four
options, but in this structure of equilibrium, one of them (searching only through va-
cancies) will never be optimal. So that the value of search can be defined as:

SE (e, p) = max {SEV (e, p) ; SEH (e, p) ; SEVH (e, p) ; 0} = max {SEH (e, p) ; SEVH (e, p) ; 0} .

For a high-skilled worker with skill level e, there are now two cutoff productivity lev-
els p̃VH (e) and p̃H (e), with p̃H (e) ≥ p̃VH (e). If the worker is employed in a firm
with productivity below p̃VH (e) she will search for another job through both chan-
nels. If she works in a firm with productivity level between p̃VH (e) and p̃H (e), she
will search only through headhunter channel. While if she works in a firm with pro-
ductivity above p̃H (e), she will not search for another job at all. Before defining the
conditions that determine these cutoffs we need to define the value functions.

Value of search through headhunter channel for a high-skilled worker can be de-
fined as:

SEH (e, p) ≡ fH (uH, aH, h)
(∫ p

max{ p̂;p}
(
W
(
e, p′
)− W (e, p)

)
dG
(

p′
)− cwH

)
. (2.15)

And the value of search through both channel can now be defined as:

SEVH (e, p) ≡ fH (uH, aH, h)
(∫ p

p̂ (W (e, p′)− W (e, p)) dG (p′)− cwV

)
+

+ fV (uV , aV , v) (1 − fH (uH, aH, h))
∫ p̂

p (W (e, p′)− W (e, p)) dG (p′)− cwV ,
(2.16)
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note that in this case the first integral starts always in p̂ because it will never be optimal
to search through both channels if a worker is already working in a firm that hires
through the headhunter channel. This is the feature of the structure of equilibrium. In
other structure of equilibrium, that will be discussed in extensions, not all firms above
the cutoff p̂ will be using the headhunter channel, so the limits of the integral will be
different.

It is easy to see that, given e, SEVH (e, p) is higher than SEH (e, p) for small p, but
SEVH (e, p) decreases faster, so they will always have just one intercept. And the equal-
ity:

SEVH (e, p) = SEH (e, p)

defines the cutoff productivity level of searching through both channels for each worker
type, p̃VH (e), while the equality

SEH (e, p) = 0

defines the cutoff productivity level for searching only through headhunters, p̃H (e).
The value functions of working and unemployment are defined as before.
Firms

We can also rewrite the values of posting a vacancy and hiring through headhunter
channel given distributions defined above. The value function of firms posting a va-
cancy in this case is:

VV (p) = −c f V · p + β

(
V (p) + qV (uV , aV , v)

(
uV

uV+aV

∫ ê
e (J (p, e)− V (p)) dU (e) +

+ uV
uV+aV

(1 − fH (uH, aH, h))
∫ e

ê (J (p, e)− V (p)) dU (e) +

+ aV
uV+aV

∫ ê
e

ΛV(e,p)
ΛV(e,p) (J (p, e)− V (p)) dLV (e) +

+ aV
uV+aV

(1 − fH (uH, aH, h))
∫ e

ê
ΛVH(e,p)
ΛVH(e,p) (J (p, e)− V (p)) dLVH (e)

))
,

where the first part in the summation is the expected value of a match after meeting
an unemployed low-skilled worker, the second - an unemployed high-skilled worker,
the third - an employed low-skilled worker, and the forth - an employed high-skilled
worker.

Similarly, the value function of firms using headhunters is:

VH (p) = −c f H · p + β

(
V (p) + qH (uH, aH, h)

(
uH

uH+aH

∫ e
ê (J (p, e)− V (p)) dU (e) +

+ aH
uH+aH

∫ e
ê

ΛH(e,p)
ΛH(e,p) (J (p, e)− V (p)) dLH (e)

+ aH
uH+aH

∫ e
ê

ΛVH(e,p)
ΛVH(e,p) (J (p, e)− V (p)) dLVH (e)

))
,
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where again the first part in the summation is the expected value of a match after meet-
ing an unemployed worker, the second - an employed worker searching only through
the headhunter channel, and the third - an employed worker searching through both
channels.

One can show that under reasonable conditions on the value of the search costs and
production function, the value of hiring through a headhunter, VH (p), is lower than
the value of posting a vacancy, VV (p), for small p. But, VH (p) is increasing faster with
p. There will be only one intercept between VH (p) and VV (p), p̂, such that

max {VV (p) ; VH (p)} = VV (p)

for p < p̂ and

max {VV (p) ; VH (p)} = VH (p)

for p > p̂. And the cutoff productivity is determined by

VV ( p̂) = VH ( p̂) .

Now, given the distributions, we can also specify the quit rate of a worker with skill
e from a firm with productivity p:

sQ (e, p, ω) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

fV (uV , aV , v)
(

G( p̂)−G(p)
G( p̂)−G(p)

)
i f p < p̃V (e) and e < e

fH (uH, aH, h)
(

G(p)−G(p)
G(p)−G( p̂)

)
i f p̃VH (e) < p < p̃H (e) and e ≥ e

fH (uH, aH, h)
(

G(p)−G(p)
G(p)−G( p̂)

)
+ i f p < p̃VH (e) and e ≥ e

+ (1 − fH (uH, aH, h)) ·
· fV (uV , aV , v)

(
G( p̂)−G(p)
G( p̂)−G(p)

)
0 otherwise,

where ω = (uV , aV , v, uH, aH, h) is a vector of labor market characteristics.
Finally, the value of an active match for a firm is defined as before, substituting the

value functions defined above and the function for quit rates.
Aggregation

The aggregates that enter the matching functions are determined as follows. The
number of unemployed workers searching through the vacancy channel:

uV =
∫ e

e
1dU (e) .
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The number of unemployed workers searching through the headhunter channel:

uH =
∫ e

ê
1dU (e) .

The number of employed workers searching through the vacancy channel:

aV =
∫ ê

e

∫ p

p
1dΛV (e, p) +

∫ e

ê

∫ p

p
1dΛVH (e, p) .

The number of employed workers searching through the headhunter channel:

aH =
∫ e

ê

∫ p

p
1dΛVH (e, p) +

∫ e

ê

∫ p

p
1dΛH (e, p) .

The number of firms using the vacancy channel:

v =
∫ p̂

p
1dG (p) .

And the number of firms using the headhunter channel:

h =
∫ p

p̂
1dG (p) .

2.3.8 Equilibrium

The steady state equilibrium, given the initial distributions of workers over skills and
firms over productivity, the skill threshold, the matching functions, and the produc-
tion function, is defined by the value functions, the endogenous distributions, and the
decision rules. The decision rules, together with the endogenous distributions, must
satisfy the balances such that the endogenous distributions are stationary.

The balances guarantee that the equilibrium distribution is stationary over time.
In the equilibrium the inflow of workers to every worker-firm distribution bin must
be equal to the outflow of workers from that bin. For a pair of workers with skill e
and firms with productivity p, the equilibrium density of active matches, φ (e, p), must
satisfy:

φ (e, p)
(
s + sQ (e, p) (1 − s)

)
= iE (e, p) + iU (e, p) ,

where the left-hand side is the total outflow from active matches (exogenous sepa-
rations plus endogenous quits), and the right-hand side is the total inflow into the
matches from employment, iE (e, p), and unemployment, iU (e, p), respectively. The
inflow from unemployment can be written as:

iU (e, p) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

fV (uV , aV , v) g(p)
v u (e) if e < ê, p < p̂

fH (uH, aH, h) g(p)
h u (e) if e ≥ ê, p ≥ p̂

(1 − fH (uH, aH, h)) fV (uV , aV , v) g(p)
v u (e) if e ≥ ê, p < p̂

0 otherwise,

Tesi di dottorato "Essays on causes and consequences of inequality"
di GORN ALEXEY
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2017
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



23

where the first condition is satisfied when a worker searches only through vacancies
and firm posts a vacancy; the second condition is satisfied when a worker searches
through headhunters or both and a firm hires through a headhunter; and the third
condition is satisfied when a worker searches through both channels and a firm posts
a vacancy. Similarly, the inflow from employment can be written as:

iE (e, p) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

fV (uV , aV , v) g(p)
v
∫ min{p,p̃V (e)}

p φ (e, p′) dp′ if e < ê, p < p̂

fH (uH , aH , h) g(p)
h

∫ min{p,p̃H(e)}
p φ (e, p′) dp′ if e ≥ ê, p ≥ p̂

(1 − fH (uH , aH , h)) fV (uV , aV , v) g(p)
v
∫ min{p,p̃VH(e)}

p φ (e, p′) dp′ if e ≥ ê, p < p̂

0 otherwise.

2.3.9 Solution method

The steady state equilibrium of the model is solved for using Matlab. To find an equi-
librium the following algorithm is used:

1. Guess the search decision rules for workers and firms (the cutoff levels of pro-
ductivity)

2. State the system of equations corresponding to the balances of endogenous dis-
tribution of matched firms and workers

3. Solve the system using non-linear solution methods (trust-region algorithm or
Broydn algorithm) for the invariant distribution

4. Compute the value functions given the distributions

5. Compute the decision rules given the value functions

6. Compare the decision rules, if different - update the decision rules and go to 2.

2.3.10 Extensions

The most important extension of the model is introduced to capture the fact that not all
firms hire employees for top positions through headhunters. In the baseline model ev-
ery firm above the threshold p̂ hires through the headhunters. To avoid it, I introduce
an additional idiosyncratic non-monetary cost for hiring through a headhunter. Every
firm with an open position draws a cost c f N every period that is associated with the
headhunter channel. This cost might reflect corporate practice, an existence of a pre-
ferred candidate inside the firm, or specificity of the position. Firms with high cost will
have to post a vacancy even if they would benefit from a match through a headhunter
otherwise. Updated value of an open position, Ṽ (p), can be written as:

Ṽ (p) = max
{

VV (p) ; VH (p)− c f N
}

.
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This extension doesn’t alter the model significantly, only making the value func-
tions and the balances more cumbersome13, but brings the model closer to the data.
Because the proportion of firms using headhunters by productivity is unobservable, in
the baseline calibration the distribution of the costs will be chosen such that the firm
has the same chance to hire through the headhunters regardless of the productivity.

Other important extensions include different wage setting mechanisms (wage bar-
gaining and wage Bertrand competition between firms), and explicit modeling of head-
hunter’s problem (choice of the threshold and the cost for the firm). These extensions
are secondary to the main experiments in the paper and therefore will be discussed in
the appendix.

2.4 Inequality

2.4.1 Calibration

The calibration strategy is the following. First, the version of the model without the
headhunter channel is calibrated to match the labor market in the U.S. in 1970. Then
the parameters related to the headhunter channel are calibrated to match the properties
of the headhunter industry in the U.S. in the 2010s. To take into account the skill-biased
technological change from 1970 to 2010 I also change the degree of complementarity in
the production function to match the increase in 90/50 wage ratio.

To calibrate the model we need to specify the exogenous distributions of work-
ers, H (e), and firms, F (p), the productivity function, y (e, p), the matching function,
m (u, v), the skill threshold, ê, the search costs, c f H, c f V , cwH, cwV , and the distribution
of the non-monetary cost c f N. The functional form for the initial distributions of firms
and workers is chosen to be beta with the same parameters, λ1 and λ2, for workers
and firms, and truncated on p = e. The matching function has standard Cobb-Douglas
form:

m (u, v) = Muσv1−σ,

and the production function has a form:

y (e, p) = (e · p)γ ,

with normalization γ = 1 in 1970. It is easy to see that this production function is

supermodular with ∂2y(e,p)
∂e∂p = ∂2y(e,p)

∂p∂e = 1 > 0.
All parameters, except for the search costs in the headhunter channel and the skill

threshold are calibrated to match the wage distribution and other labor market vari-
ables in 1970. There are seven parameters to calibrate for the steady state without the

13Equations for the value functions and the balances are presented in the appendix.
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headhunters: the parameters of the distribution, λ1 and λ2, the maximum type, p or e,
the separation rate, s, the matching function efficiency, M, and the search cost through
vacancy channel for workers, cwV , and for firms, c f V . To set these seven parameters,
seven targets are chosen: the top 1% and 10% wage shares, the 90/50 wage ratio, the
unemployment rate, the job finding rate, the quit rate, and the estimate of vacancy cost
relative to annual worker’s wage. Seven parameters are jointly calibrated to match the
targets.

For the headhunter channel, there are just four parameters to calibrate - the search
costs for workers, cwH, and firms, c f H, the skill threshold, ê, and the share of firms
using headhunters, χ14. Four targets are chosen - the estimate of the positive response
rate by managers to a call by a headhunter15, the average fee of headhunters, the range
of positions filled by headhunters, and the share of firms that use the headhunters
for hiring. This way, the targets do not directly affect the wage distribution, so the
calibration strategy does not drive the results. Robustness checks for the choice of
parameters for the headhunter channel will be presented in the subsequent sections.
On top of the headhunter channel I also increase the degree of complementarity, γ, in
order to match the change in the 90/50 wage ratio between 1970 and 2010.

The results of the calibration are presented in Table 2.3. The model matches well
the main characteristics of the wage distribution and the labor market in 1970.

2.4.2 Results

The headhunter channel allows separating high-skilled workers reducing frictions for
them and providing them with an exclusive opportunity to work in high-productive
firms. The presence of this channel changes the distribution of the workers over the
wages. Without the headhunter channel, the distribution has a peak close to mini-
mal possible wage and then decreases, having a form close to Pareto (Figure 2.3a).
When the headhunter channel is present in the model, the distribution still has sim-
ilar form but has a fatter right tail (Figure 2.3b), similar to what is observed in the
data. The headhunter channel generates the fat tail of the wage distribution in this
model. The reason for this is the following, without headhunter channel the prob-
ability of matching a high-skilled worker with a high-productive firm is lower than
matching a high-skilled worker with a low-productive firm (due to the fact that there
are relatively few high-productive firms), so there will be big shares of high-skilled
workers working in low-productive firms and low-skilled workers in high-productive
firms. Because of skill complementarities, wages of low-skilled workers are lower than
wages of high-skilled workers in the same type of firm. And because only some high-

14It is equivalent to calibrating a distribution function for the non-monetary cost c f N .
15Estimated by Capelli & Hamori (2013)
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Table 2.3: Calibrated parameters.

Parameter Value Target Data Model

Wage distribution, 1970

Beta parameter, λ1 1.5 Top 1% wage share 5.1% 4.38%

Beta parameter, λ2 15 Top 10% wage share 25.7% 25.56%

Maximum types, p, e 14 90/50 wage ratio 1.91 2.07

Labor market, 1970

Separation rate, s 0.026 Unemployment rate 5% 4.9%

Matching function, M 0.9 Job finding rate 50% 49.53%

Search cost - vacancies, cwV 1.05 Quit rate 2% 1.87%

Vacancy cost, c f V 0.17 Vacancy cost estimates 8% 8%

Headhunter industry, 2010

Headhunter search cost, cwH 1.2 Positive response rate 50% 50.52%

Headhunter firm cost, c f H 2.55 Headhunter average fee 30% 30%

Screening threshold, ê 2.98 Range of positions top 5% 5.05%

Share of firms using headhunters, χ 0.54 Share of firms ∼54% 54%

Skill-biased technological change, 1970-2010

Degree of complementarity, γ 1.10 Δ 90/50 wage ratio 0.39 0.39
This table presents the result of the baseline calibration.

productive firms will be matched with high-skilled workers there will be a small mass
of workers getting very high wages. When, instead, there is a possibility to hire only
high-skilled workers through the headhunter channel, high-productive firms will be
matched only with high-skilled workers and all of them will receive relatively high
wages; this corresponds to the fat tail of the distribution. The difference between the
distributions (Figure 2.3c) clear indicates the appearance of fatter right tail with the
headhunter channel. However, there are two effects changing the wage distribution in
this case - headhunters and the skill-biased technological change. Skill-biased techno-
logical change increases wages of all workers and therefore moves the whole distribu-
tion to the right.

To see the effect of only the headhunter channel on the wage distribution, Figure
2.4 plots the difference between the distributions without the effects of the skill-biased
technological change. An interesting observation about the effect of headhunters on
wage distribution can be done - the headhunter channel generates an effect similar
to job polarization , namely, decrease in the number of medium-paying jobs and in-
crease in the number of high- and low-paying jobs. This effect also comes from the fact
that low-skilled workers move from high-productive to low-productive firms (from
the center to the left), and high-skilled workers move from low-productive firms to the
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Figure 2.3: Distributions of wages.

(a) Distribution of wages without the headhunter channel.
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This figure plots the histogram of the distribution of wages in the model without the headhunter chan-
nel, baseline calibration.

(b) Distribution of wages with the headhunter channel.
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This figure plots the histogram of the distribution of wages in the model without the headhunter channel
(blue bars) and the histogram of the distribution of wages in the model with the headhunter channel
(yellow bars), baseline calibration.
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(c) Difference between the distributions.
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This figure plots the difference between the distributions of wages in the model with headhunters and
without headhunters (blue bars). The red line plots a fitted polynomial of degree 5. Positive values
indicate a larger mass of workers with a given wage in the model with the headhunter channel.

high-productive firms (from the center to the right).
As it was stated before, the increase in wage inequality was mainly driven by the

sharp increase of top wages. Figure 2.1 shows the top 10% and the top 1% wage shares
in the U.S. from 1970 to 2010. The top 1% share increased from 5.1% in 1970 to 10.9%
in 2010, and the top 10% share increased from 25.7% to 34.5%. The shares in 1970 were
targeted in the calibration, but the shares in 2010 were not. The results of this exper-
iment show how much of the overall increase in top wages can be explained by the
additional channel in the labor market and an increase in the degree of complemen-
tarity in production. The results are presented in Table 2.4. In the model, the top 1%
share increases by 3.41%, from 4.38% to 7.79%, while in the data it increases by 5.8%.
The model is able to explain 59% of the actual increase in the top 1% wage share. For
the top 10% wage share, the model predicts 8.58% increase, while the actual increase is
8.8%. The model accounts for 98% of the actual increase in the top 10% wage share.

2.4.3 Skill-Biased Technological Change

The large effect in Table 2.4 comes from skill-biased technological change and the head-
hunter channel acting together. To assess the relative contributions of the headhunter
channel and the skill-biased technological change to the increase of the top wages I
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Figure 2.4: Difference between the distributions without SBTC.
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This figure plots the difference between the distributions of wages in the model with headhunters and
without headhunters (blue bars). The red line plots a fitted polynomial of degree 5. Positive values
indicate a larger mass of workers with a given wage in the model with the headhunter channel.

Table 2.4: Top wage shares in the model and data.

Model Top 1% Top 10% Data Top 1% Top 10 %

Without HH 4.38% 25.56% 1970 5.1% 25.7%
With HH 7.79% 34.14% 2010 10.9% 34.5%

This table presents the top wage shares in the modal and in the data. Columns 2 and 3 present the results
from the model for the baseline calibration without the headhutner channel and the baseline calibration
with the headhutner channel. Top 1% and 10% wage shares and 90/50 wage ratio in the U.S. in 1970
and 2010 are presented in columns 5 and 6 (source: Piketty (2014)).

change separately only the matching technology (headhunter channel) or the degree
of complementarity (SBTC). I present the results in the Table 2.5. First, I fix the degree
of complementarity on the level of 1970 but add the headhunter channel (bottom-left
panel). In this case the top 1% wage share is 6.65% ,instead of 7.79% in the baseline
calibration (upper-left), and the top 10% wage share is 31.05% (instead of 34.14%). The
headhunter channel contributes to explaining of 40% of the increase of top 1% wage
share in the data and 70% of the increase in top 10% wage share. The headhunter
channel also contributes to explain half of the rise of the upper-middle class, the 90/50
wage ratio rises by 0.20, while in the baseline calibration the rise is 0.39.

If instead, I just increase the degree of complementarity to the level of the base-
line calibration without the headhunter channel (upper-right), the top 1% wage share
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Table 2.5: Relative contribution of headhunters and SBTC.

HH no HH
Top 1% 7.79% 4.98%

SBTC Top 10% 34.14% 27.61%
Δ 90/50 0.39 0.16
Top 1% 6.65% 4.38%

no SBTC Top 10% 31.05% 25.56%
Δ 90/50 0.20 0

This table presents the top wage shares and the change in 90/50 wage ratio for the baseline calibration
with headhunters (upper-left), the calibration with SBTC but without headhunters (upper-right), the
calibration without SBTC but with headhunters (lower-left), and the calibration without headhunters
and no SBTC (lower-right).

increases just to 4.98% and the top 10% wage share increases to 27.61%. The relative
contribution of the degree of complementarity is about 10% out of 59% for top 1% wage
share, and 23% out of 98% for the top 10% wage share. SBTC also explains almost an-
other half of the increase of the upper-middle class.

Interaction between SBTC and the headhunter channel is also very important. The
interaction explains around 9% of the increase in top 1% wage share (59%-40%-10%)
and 5% of the increase in top 10% wage share (98%-70%-23%). With higher degree of
complementarity, the importance of having a better match increases. Relative produc-
tivity of a firm with a high-skilled worker is even higher with respect to a similar firm
with a low-skilled worker in case of high degree of complementarity. Better assortative
matching on the top reinforces the effects of SBTC.

To give a chance to the SBTC to explain a higher proportion of the rise in top shares
I recalibrate the SBTC to match the increase in the top 10% wage share or 90/50 wage
ratio without the headhunter channel. I present the results in Table 2.6. We can see
that the degree of complementarity must increase up to 1.24 without the headhunter
channel to match the increase in 90/50 wage ratio, and up to 1.41 to match the top 10%
wage share. When I match the 90/50 wage ratio, the model explains relatively small
proportion of the increase in top 1% wage share (26%) and a significant proportion of
the top 10% wage share (57%). If the increase in top 10% wage share is comparable to
the baseline (or the headhunter channel alone), only SBTC loses a lot for the top 1%
wage share. If I match the top 10% wage share, instead, the model explains a larger
part of the top 10% wage share (all of it was targeted, while the headhunter channel
alone explains 70%) and only slightly smaller increase in the top 1%. However, in this
case the model predicts a very large increase in the 90/50 wage ratio (0.72) that is 82%
higher than the actual increase. The reason for this is that the rise of the degree of
complementarity alone rises all the wages uniformly and the rise must be enormous to
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match the top 10% wage share. We can see it in Figure 2.5. While with the headhunter
channel all the wages rise only slightly due to higher degree of complementarity and
the top wages rise more than that due to improvements in the assortative matching.
With the headhunter channel, the high-skilled workers both move up with the curve
and move along it to the right, and without the headhunter channel they can only
move up with the curve.

Table 2.6: Alternative calibration of SBTC.

Data Baseline no HH, SBTC - 90/50 no HH, SBTC top 10
2010 γ = 1.10 γ = 1.24 γ = 1.41

Top 1% 10.9% 7.79% 5.93% 7.26%
Top 10% 34.5% 34.14% 30.61% 34.43%
Δ 90/50 0.39 0.39 0.40 0.72

This table presents the top wage shares and the change in 90/50 wage ratio for the U.S. (column 2,
source: Piketty (2014)) baseline calibration with headhunters (column 3), the calibration without head-
hunters and SBTC calibrated to match the change of 90/50 wage ratio (column 4), and the calibration
without headhunters and SBTC calibrated to match the top 10

These experiments show that the skill-biased technological change helps to explain
the rise in the 90/50 wage ratio that corresponds to the rise of the upper-middle class
relative to the bottom, but fails to replicate the sharp increase on the very top. The
headhunter channel, instead, has the main effect on the top wages, rather than on the
upper-middle class. Skill-biased technological change stretches the whole distribution
to the right, while the headhunter channel fixes the left part of the distribution and
moves the right tail further apart.

2.4.4 Assortative matching

The main mechanism behind the increase in wage inequality in the model is the in-
crease in sorting between workers and firms, especially at the very top. With head-
hunters, high-skilled workers have exclusive opportunity to be matched with a high-
productive firm, and high-productive firms, instead, have exclusive opportunity to be
matched with high-skilled workers. Empirically, there are two most used ways to look
at the assortative matching between workers and firms. First, one can directly compare
the joint distributions of worker-firm matches over estimated types. And second, one
can just look at the correlation between the types. I compute both statistics using the
data simulated from the model in the baseline calibration in order to compare them to
empirical estimates in the literature. The major drawback of this experiment, however,
is that I can observe the real type of workers and firms directly, while in the data it is
impossible.
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Figure 2.5: Wage of a worker in a best-fit firm.
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This figure plots for each worker type (horizontal axis) her wage in the best-fit firm (vertical axis). Blue
line represents calibration without SBTC, red line represents the baseline calibration, yellow line rep-
resents the calibration without the headhunter channel and the degree of complementarity changed in
order to match the top 10% wage share in 2010, and purple line represents the calibration without the
headhunter channel and the degree of complementarity changed in order to match the change in 90/50
wage ratio between from 1970 to 2010.

First, I study the change in the joint distribution of worker-firm matches. To do it I
split workers and firms into ten categories by their skill or productivity level and plot
the joint distribution before and after introducing headhunters in the model. Figure
2.6a shows the distribution without headhunters, Figure 2.6b show the distribution
with headhunters, and Figure 2.6c shows the change of the distribution. Numbers
1,2,3,..,10 in the figure correspond to the firm type, with 1 being the least productive
firms and 10 being the most productive firms, and the color corresponding to the type
of workers, with dark blue being the least skilled and yellow being the most skilled
workers.

As it can be seen from the figures, with the baseline calibration of the model almost
all high-skilled workers (within the top 10%) start working in the best firms (top 10%).
All other firms lose significantly in the share of top workers and gain in the share of
lower-skilled workers. This pattern is strikingly similar to the findings of Song et al.
(2016) who plot similar distributions for estimated workers and firms fixed effects from
the U.S. data. Comparing to the data, the model with the baseline calibration exagger-
ates the increase in the number of top workers working in top firms because most of
the firms on top use the headhunter channel and the headhunters don’t do mistakes
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Figure 2.6: Joint distributions of worker-firm matches.

(a) Joint distribution without the headhunter channel.
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This figure plots the joint distribution of the matches of workers and firms over deciles of workers’ and
forms’ types in the baseline calibration without the headhunter channel. Numbers 1-10 represent the
firm type deciles with 1 being the least productive and 10 the most productive firms. Colors represent
the worker type deciles with dark blue being the least skilled workers and bright yellow the most skilled
workers.

(b) Joint distribution with the headhunter channel.
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This figure plots the joint distribution of the matches of workers and firms over deciles of workers’ and
forms’ types in the baseline calibration with the headhunter channel. Numbers 1-10 represent the firm
type deciles with 1 being the least productive and 10 the most productive firms. Colors represent the
worker type deciles with dark blue being the least skilled workers and bright yellow the most skilled
workers.
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(c) Change in the joint distribution.
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This figure plots the difference between the joint distributions of the matches of workers and firms over
deciles of workers’ and forms’ types in the baseline calibration with and without the headhunter chan-
nel. Positive values indicate larger number of matches in the calibration with the headhunter channel.
Numbers 1-10 represent the firm type deciles with 1 being the least productive and 10 the most produc-
tive firms. Colors represent the worker type deciles with dark blue being the least skilled workers and
bright yellow the most skilled workers.
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screening workers. In the empirical counterpart, there is an error in estimating the true
type of the worker that should smooth the figure, and headhunters might do mistakes
by assessing the skill of workers with mistakes, therefore smoothing even more the
resulting difference.

The second way to analyze sorting in the labor market is to compute correlations
between the types of the workers and firms. In order to do it in the model simulated
data, I draw 100000 matches from the joint worker-firm distribution in the model and
decompose the variance of log wages into worker type, firm type, and covariance be-
tween the two. Table 2.7 presents the results of this experiment for the steady-state
without headhunters, with headhunters, and the difference between the two.

Table 2.7: Log wage variance decomposition and correlation of worker and firm types.

Without HH With HH Dif %

Var (log (w)) 0.3020 0.4262 0.1242 100

Var (log (e)) 0.1289 0.1549 0.0260 21%
Var (log (p)) 0.1302 0.1567 0.0265 21%

2Cov (log (e) , log (p)) 0.0428 0.1147 0.0719 58%

Cor (log (e) , log (p)) 0.1656 0.3679 0.2023 -
This table presents the results of the wage variance decomposition based on the 100000 draws from the
model-simulated data with and without the headhunter channel.

From the results of this experiment ,we can see that covariance and correlation of
the worker and firm types increase significantly after the introduction of headhunters
to the model. Indeed, the increase is not only in the top part of the distribution but
over the whole distribution. This happens because the high-skilled workers that move
to the best firms free the positions for low- and medium-skilled workers in the rest of
the firms, also improving the matching for them. Again, this result is in line with the
empirical results by Song et al. (2016) who show that increased covariance between
worker and firm types was one of the major drivers in the increase in the variance of
wages in the U.S. between the 1980s and 2000s.

Improvement in assortative matching naturally translates in higher aggregate pro-
duction in the economy (Table 2.8). Better matches at the top significantly improve
average productivity in the economy. In the baseline calibration this improvement is
as much as 22% together with the increase because of higher degree of complemen-
tarity. To assess the contribution of the matching alone, we can look at the distance of
the allocation to the first best. In the calibration without the headhunter channel, the
aggregate production is 88% of the first best allocation of workers to firms, while in the
calibration with headhunters it is already 91.5%. The improvement in the matching
brings the economy by 3.5% closer to the first best allocation, that is a 5-7% increase in
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production.

Table 2.8: Aggregate production.

no HH of FB HH of FB Diff % no SBTC FB
no SBTC 2.82 88.13% 2.97 92.81% 0.15 5.3% - 3.20

SBTC 3.21 85.6% 3.43 91.47% 0.22 6.85% 0.61/21.63% 3.75
This table presents the aggregate production for the calibration of the model without and with the head-
hunter channel.

2.4.5 Robustness

To check how much the magnitude of the increase depends on the choice of the skill
threshold for the headhunter channel, I do similar experiments for top 1%, 2%, 3%, 7%,
or 10% of workers being eligible to the headhunter channel. The results are presented
in Table 2.9. Not surprisingly, higher thresholds, except for top 1% threshold, (more
efficient screening by headhunters) increase the wage share of top 1% of the workers
but decrease the share of top 10%. This happens because, with a higher threshold,
the most efficient workers are more concentrated in the top firms, for example, they
all work in top 2% of the firms instead of top 5%. Their wages increase even more
due to complementarities, so the top 1% wage share increases more. Instead, for the
workers in the 10-1% bracket, the probability of working in the best firms decreases
with a higher threshold. Workers in 5-2% are excluded from the headhunter channel
and many of them end up in bad or average firms, so the top 10% wage share drops
relative to baseline calibration despite the top 1% wage share increase. The overall
effect of the sorting mechanism is still striking - it explains at least 40% of the actual
increase in the top 1% share of wages and 55%% of the top 10% wage share (together
with SBTC). We can also see that with the threshold set to top 1% the increase in the
top 1% wage share drops relative to the top 2% threshold. This happens because not
all firms in top 1% use the headhunter channel and therefore only around a half of the
workers in the top 1% are matched through the headhunter channel.

Another target of choice that doesn’t have a properly estimated empirical counter-
part is the share of firms using the headhunters. In the baseline calibration, it is chosen
to fit the estimates by AESC, but I also redo the experiment with different shares to see
how sensitive is the result depending on the choice of the target. I set the share of the
firms using the headhunter channel to be 20%, 40%, 60%, 80%, or 100%. The results
are presented in Table 2.10. Of course, the increase of the top wage shares is decreasing
with a lower share of firms using headhunters. But the major part of the effect is still
there even if every 5th firm is allowed to use the headhunter channel every period. In
this case, the model is still able to explain 53% of the increase in top 1% wage share

Tesi di dottorato "Essays on causes and consequences of inequality"
di GORN ALEXEY
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2017
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



37

Table 2.9: Top wage shares in the model and data for other skill thresholds.

Model Share Top 1% Top 10% Δ 90/50

Without HH 0 4.38% 25.56% 0
With HH on top 5% (basline) 5.05% 7.79% 34.14% 0.39

With HH on top 10% 10.62% 6.70% 35.81% 0.65
With HH on top 7% 7.47% 7.00% 35.08% 0.39
With HH on top 3% 3.27% 8.01% 32.99% 0.39
With HH on top 2% 2.00% 9.15% 31.51% 0.39
With HH on top 1% 1.16% 8.44% 30.42% 0.16

This table presents the results of the main experiment with alternative calibrations of the skill threshold.
The results are presented for the skill thresholds of 5% (baseline calibration), 3%, 2%, and 1%.

and 80% of the increase in the top 10% wage share (again, together with SBTC). Even
when the share of firms using headhunters is set to the most conservative estimate the
model is still able to predict a large share of the increase in top wages.

Table 2.10: Top wage shares in the model and data for different intensity of the use of
headhunter channel.

Model Top 1% Top 10% Δ 90/50

Without HH 4.38% 25.56% 0
With HH, baseline 7.79% 34.14% 0.39

With HH, 100% 9.00% 36.22% 0.39
With HH, 80% 8.12% 34.77% 0.39
With HH, 60% 7.90% 34.28% 0.39
With HH, 40% 7.56% 33.80% 0.39
With HH, 20% 7.46% 32.65% 0.39

This table presents the results of the main experiment with alternative calibrations of the distributions of
non-monetary costs of headhunters. The results are presented for the share of firms using headhunters
of 54% (baseline), 100%, 80%, 60%, 40%, and 20%.

2.4.6 Discussion

As it was discussed before, the main effect of the headhunter channel on the wage
distribution comes from the separation of the labor markets for high-paying and low-
paying jobs. With the headhunter channel in place, only high-skilled workers get to
high-paying jobs and their wages increase dramatically due to skill and firm produc-
tivity complementarities. Moreover, headhunter channel allows high-skilled workers
to search on-the-job less costly because they don’t have to pay the search cost every
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period but only when they receive a call from the headhunter. Because of this, high-
skilled workers agree to consider an offer even when they work in medium- and high-
productive firms, while they would stop searching for a job actively working in such
firms without the headhunter channel. Low-skilled workers, in contrast, lose their
possibility to work in high-paying jobs, therefore their wages are compressed to lower
levels after the introduction of the headhunters.

Simulations presented in this section show that the change of the matching tech-
nology can explain a major part of the increase in the wage inequality. The results are
quite robust to different calibrations of the headhunter channel and are amplified by
skill-biased technological change in the model. Skill-biased technological change, in-
stead, has its main effect on the upper-middle class, contributing significantly to the
rise of the 90/50 wage ratio and having a smaller contribution to the rise of top wages.
The main reason for this is that the headhunter channel creates the non-linearity in
the matching pattern between workers and firms, as observed in the data. SBTC alone
gradually improves sorting across all distribution without the sharp increase of top
workers in top firms. Only this sharp increase due to strong non-linearity rises the top
wages much higher than the middle and low wages.

2.5 Cross-country comparison

This section discusses the cross-country evidence supporting the main mechanism of
the paper, that the headhunters by improving matching on the labor market increase
the top wages. Headhunters entered labor market of different countries in different
periods and therefore are used by firms to a different extent16. This variation in head-
hunters’ activity helps to establish causality between the role of headhunters and the
growth of top wages. This section uses the data on the major headhunter companies in
European labor markets in 1997 and the data on top income shares between 1980 and
2010. Ideally, top wage shares should be used in the analysis, however, such data is
not available for all countries over the whole period in question.

Data on major headhunter companies operating in Europe is available in Jenn (1999).
The data includes the distribution of fee revenues as well as the number of hires by
country17. I aggregate the data by country to get total fees and a total number of hires
by headhunters in a country in 1997, and I normalize the data by GDP in 1997 (for fee
revenues) or total employment in 1997 (for hires). Normalization allows comparing
the share of headhunters between countries. The question that this analysis answers is

16Different labor market legislation is another source of exogenous differences of headhunter activity
across countries.

17For some companies the number of hires is estimated and not exactly observed.
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what is the relation between headhunter activity and the dynamics of top incomes? To
answer this question figures 2.7 and 2.8 plot the relations between normalized hires by
headhunters and top income shares, or growth of top income shares. Figures 2.9 and
2.10 plot similar relations for normalized fee revenues. Figures 2.7a and 2.8a show that
there is a strong positive correlation between normalized hires by headhunters and the
future growth of top incomes. Only Norway falls from the general pattern, but Nor-
way experienced a change in capital income taxation in 2006, so most likely this drop
is not related to labor incomes.

To address the concern that headhunters were more active in countries where top
wages were already higher, figures 2.7b and 2.8b plot the relation between top income
shares in 1997 and normalized hires by headhunters in 1997. As it is evident from the
figures, there is no correlation between headhunter activity and top income shares in
1997. It means that differences of headhunter intensity across countries are driven by
other factors, exogenous to top income levels. To further strengthen this claim, figures
2.7c and 2.8c plot the top income shares growth before 1997 against normalized hires
in 1997. Lack of positive correlation shows that headhunters intensity is not driven by
the previous growth of top incomes. Headhunters didn’t choose countries with fast
growing top incomes.

Figures 2.9 and 2.10 present similar analysis for normalized fee revenues. All the
results for normalized hires hold also for normalized fee revenues. This analysis shows
two important facts. First, it shows that headhunters indeed signal future growth of
top incomes. In the model the increase of top incomes happens because of improved
matching at the top, with headhunters inducing the better matching. This evidence,
however, doesn’t provide any hints on the mechanism of the top incomes increase, or
the degree of quality of the matching. Second, this analysis shows that the distribu-
tion of headhunter activity over countries is exogenous to the level of top incomes and
the history of the growth of top incomes. There must be other factors limiting head-
hunter activity in some countries, for example, labor market legislation, or high costs
of establishing detailed databases of potential candidates.

The importance of this empirical evidence is in demonstrating the lack of reverse
causality. Headhunters might be more active in countries where the income inequality
was higher so they came to the market to extract higher fee revenues. In this case, the
increasing top wages would drive the rise in the headhunter industry, and the mech-
anism presented in this paper would not be present. However, the results presented
in this section show that only the future change in top incomes is correlated with the
headhunter intensity, so reverse causality can be rejected.
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Figure 2.7: Top 1% income share and normalized hires by headhunters.

(a) Growth of top 1% income share, 1997-2010, and normalized hires by headhunters, 1997.
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This figure plots the change in the top 1% income share in a country between 1997 and 2010 (vertical
axis) against the hires by headhunters in 1997 normalized by total employment in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.

(b) Top 1% income share, 1997, and normalized hires by headhunters, 1997.
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This figure plots the top 1% income share in a country in 1997 (vertical axis) against the hires
by headhunters in 1997 normalized by total employment in 1997 (horizontal axis). Sources:
http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.
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(c) Growth of top 1% income share, 1980-1997, and normalized hires by headhunters, 1997.

Normalized hires by headhunters, 1997
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This figure plots the change in the top 1% income share in a country between 1980 and 1997 (vertical
axis) against the hires by headhunters in 1997 normalized by total employment in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.

Figure 2.8: Top 10% income share and normalized hires by headhunters.

(a) Growth of top 10% income share, 1997-2010, and normalized hires by headhunters, 1997.
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This figure plots the change in the top 10% income share in a country between 1997 and 2010 (vertical
axis) against the hires by headhunters in 1997 normalized by total employment in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.
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(b) Top 10% income share, 1997, and normalized hires by headhunters, 1997.

Normalized hires by headhunters, 1997
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This figure plots the top 10% income share in a country in 1997 (vertical axis) against the
hires by headhunters in 1997 normalized by total employment in 1997(horizontal axis). Sources:
http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.

(c) Growth of top 10% income share, 1980-1997, and normalized hires by headhunters, 1997.
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This figure plots the change in the top 10% income share in a country between 1980 and 1997 (vertical
axis) against the hires by headhunters in 1997 normalized by total employment in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.
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Figure 2.9: Top 1% income share and normalized fee revenues by headhunters.

(a) Growth of top 1% income share, 1997-2010, and normalized fee revenues by headhunters,
1997.

Normalized fee revenues by headhunters, 1997
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This figure plots the change in the top 1% income share in a country between 1997 and 2010 (vertical
axis) against the fee revenues by headhunters in 1997 normalized by GDP in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.

(b) Top 1% income share, 1997, and normalized fee revenues by headhunters, 1997.

Normalized fee revenues by headhunters, 1997
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This figure plots the top 1% income share in a country in 1997 (vertical axis) against the fee revenues by
headhunters in 1997 normalized by GDP in 1997 (horizontal axis). Sources: http://www.wid.world/,
Jenn (1999), https://data.oecd.org/, and author’s calculations.
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(c) Growth of top 1% income share, 1980-1997, and normalized fee revenues by headhunters,
1997.

Normalized fee revenues by headhunters, 1997
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This figure plots the change in the top 1% income share in a country between 1980 and 1997 (vertical
axis) against the fee revenues by headhunters in 1997 normalized by GDP in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.

Figure 2.10: Top 10% income share and normalized fee revenues by headhunters.

(a) Growth of top 10% income share, 1997-2010, and normalized fee revenues by headhunters,
1997.
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This figure plots the change in the top 10% income share in a country between 1997 and 2010 (vertical
axis) against the fee revenues by headhunters in 1997 normalized by GDP in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.
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(b) Top 10% income share, 1997, and normalized fee revenues by headhunters, 1997.

Normalized fee revenues by headhunters, 1997
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This figure plots the top 10% income share in a country in 1997 (vertical axis) against the fee revenues by
headhunters in 1997 normalized by GDP in 1997 (horizontal axis). Sources: http://www.wid.world/,
Jenn (1999), https://data.oecd.org/, and author’s calculations.
(c) Growth of top 10% income share, 1980-1997, and normalized fee revenues by headhunters,
1997.
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This figure plots the change in the top 10% income share in a country between 1980 and 1997 (vertical
axis) against the fee revenues by headhunters in 1997 normalized by GDP in 1997 (horizontal axis).
Sources: http://www.wid.world/, Jenn (1999), https://data.oecd.org/, and author’s calculations.
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2.6 Micro evidence

This section presents the empirical analysis of the potential effect of headhunters on the
CEO compensation and firm performance. CEOs constitute a major part of the hires by
headhunters, accounting for 20000 hires by headhunters in 2013 in the U.S. alone, and
therefore are a good proxy for individual effects of headhunters on matching between
workers and firms. There is no information on the identity of the CEOs that were hired
through headhunters, so the evidence presented here should not be considered as a
direct proof of the work of the mechanism. All conclusions are suggestive.

2.6.1 Data

The data on CEO characteristics and compensation and the firm level data are ob-
tained from COMPUSTAT dataset. Following Gabaix, Landier, & Sauvagnat (2014),
four proxies for the firm size will be used, constructed from variables obtained from
COMPUSTAT yearly data set. First, firm value is constructed as the sum of the market
value of equity, defined as a number of shares outstanding multiplied by the end-of-
fiscal-year stock price, and the book value of debt, defined as total assets minus the
sum of the book value of equity and deferred taxes. Second, equity value constructed
as the number of shares outstanding multiplied by the end-of-fiscal-year stock price.
Third, the sales variable from the COMPUSTAT. Fourth, the income is measured as
earnings before interest and taxes. For CEO compensation EXECUCOMP panel of the
COMPUSTAT will be used that contains information about the top 5 paid executives
of the largest firms in the U.S. In particular, the variable TDC1 will be used to mea-
sure CEO compensation, that includes salary, bonus, restricted stock granted and the
Black-Scholes value of stock options granted. To construct industry dummies the four-
digit SIC industry codes are used as in Fama & French (1997). A dummy variable for
a change of CEO is constructed such that it is equal to 0 if the CEO is the same as the
CEO of the first observation of the company, and 1 otherwise:

NewCEOi,t =

⎧⎨
⎩1 if CEO is different from the first observation of the firm

0 otherwise.

Another important variable that will be taking into account is the index of enforce-
ability of non-competition constructed by Garmaise (2009). The index is higher in the
states where the non-compete agreements are enforced by courts and low in the states
were the non-compete agreements are forbidden. Non-compete agreements restrict
job-to-job transitions for workers and therefore limit the activity of headhunters.

The following sample will be used. The maximum available time period in the data
set is from 1993 to 2013. The analysis will be restricted only to the CEO of every com-
pany. If a firm changes the CEO more than ones in the sample period, all observations
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starting from the third CEO are dropped. These restrictions leave 3102 firms with 7.95
average years of observation. The reason for leaving only CEOs is motivated by two
facts. First, CEO is the highest paid executive in almost all the firms in the sample,
therefore they are more likely to be hired through a headhunter. And second, it is per-
ceived that CEOs have the most influence on the firm activities and performance, so
matching with a good CEO improves the firm’s performance.

2.6.2 Results

I estimate the following equation:

log (TDC1i,t) = α ∗ NewCEOi,t + β ∗ log (Firm sizei,t) + FEt + FEi + εi,t,

where TDC1i,t is CEO compensation in firm i and year t, NewCEOi,t is the dummy
variable constructed as described above, and Firm sizei,t is one of the four measures of
the firm size described above in firm i and year t. Table 2.11 presents the results on the
full sample described before. Columns (1) and (2) present the results of the estimation
with firm fixed effects and with or without the year fixed effects. Columns (3) and (4)
present the results for similar estimation but without the NewCEOi,t dummy variable.
The obtained results show that after a company changes the CEO it pays her from 5%
to 16% more than to the previous CEO after conditioning on the firm size.

More interestingly, if we focus on two sub-periods in the sample (Table 2.12) - 1993
to 1998 and 2004 to 2007 - the periods during which the headhunter revenues were
increasing particularly fast, as it can be clearly seen from the Figure 2.2a, the coefficient
of interest increases from 5% to 9% in the first sub-period and from 5% to 13,6% in the
second sub-period. This can be viewed as an indirect evidence of the higher use of
headhunters during that periods and therefore improvements in the matching between
CEOs and firms that resulted in higher compensation.

Table 2.13 presents the results for individual measures of the firm size. Columns (1)
and (2) present the results for the firm value measure and columns (3) and (4) for the
equity value measures. The results are consistent with the results for the full sample.

The important question is what is the channel of this effect, why are the firms pay-
ing more to the new CEOs. One potential explanation can be that the new CEO has a
higher bargaining power than the previous CEO, it can be the case especially if the new
CEO was hired with the help of a headhunter while the previous CEO was not. To test
for this channel I augment the estimated equation with the interaction term between
the NewCEO dummy variable and the measures of the firm size. The coefficient of the
measure of the firm size in this regression can be viewed as the bargaining power of
the CEO, i.e. how much his compensation increases when the firm is growing, and
the interaction term can be viewed as the change in the bargaining power of the new
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Table 2.11: CEO compensation and change of the CEO, full sample.

Sample period 1993-2013

Log of compensation (1) (2) (3) (4)

New CEO 0.1579*** 0.0495** - -

(0.0296) (0.0180) - -

Log of Firm Value 0.1449*** 0.0896** 0.1700*** 0.0883**

(0.0395) (0.0391) (0.0410) (0.0393)

Log of Equity Value 0.1936*** 0.2243*** 0.1763*** 0.2234***

(0.0286) (0.0310) (0.0291) (0.0310)

Log of Income 0.0852*** 0.0899*** 0.0761*** 0.0898***

(0.0135) (0.0118) (0.0138) (0.0119)

Log of Sales 0.0427 0.0122 0.0809*** 0.0105

(0.0253) (0.0259) (0.0809) (0.0259)

Year FE No Yes No Yes

Firm FE Yes Yes Yes Yes

R2 0.66 0.66 0.66 0.66

Number of observations 24673 24673 24673 24673

* p<10%, ** p<5%, *** p<1%
.

and the previous CEOs. The results are presented in Table 2.14. Columns (1) and (2)
present the results for the firm value as a proxy for the firm size, while columns (3) and
(4) present the results for the equity value of the firm. The results show that the interac-
tion term is negative or statistically not significantly different from 0. This shows that
the increase of CEO compensation does not come from the higher bargaining power.

Now, to test for the channel that works in the model, the increased productivity of
a match resulting in a higher wage, the direct effect of a change of CEO on the firm size
is tested. Table 2.15 presents the results, with columns (1) and (2) showing the effect on
the firm value and columns (3) and (4) showing the effect on the equity value. As it can
be seen from the table the effect of the change on the CEO on the firm size is positive.
This can be an indicator of the presence of the channel related to the productivity of
the match between the new CEO and the firm.

To further explore the matching channel I add the non-competition enforceability
index to the analysis. First, Table 2.16 presents the result of the regression including
just the enforceability index, but not the new CEO dummy. It confirms the well-known
result that CEO compensation is lower in the states that enforce the non-compete agree-
ments.

Table 2.17 presents the result of the interaction between the non-compete enforce-
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Table 2.12: CEO compensation and change of the CEO, sub periods of headhunters
revenue booms.

1993-1998 2004-2007

Log of compensation (1) (2) (3) (4)

New CEO 0.0906** - 0.1364** -

(0.0315) - (0.0382) -

Log of Firm Value 0.1648 0.1615 0.0497 0.0450

(0.0943) (0.0942) (0.1662) (0.1653)

Log of Equity Value 0.2359** 0.2370** 0.2487*** 0.2521***

(0.0713) (0.0714) (0.0415) (0.0397)

Log of Income 0.1034*** 0.1037*** 0.1396** 0.1405**

(0.0187) (0.0190) (0.0263) (0.0271)

Log of Sales -0.0542 -0.0665 -0.1549 -0.1697

(0.0572) (0.0567) (0.0989) (0.1024)

Year FE Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes

R2 0.724 0.723 0.785 0.785

Number of observations 8304 8304 4505 4505

* p<10%, ** p<5%, *** p<1%
.

ability index and the new CEO dummy. The interaction term increases the magni-
tude of the effect of the new CEO dummy and has a negative significant coefficient. It
means that the effect of the change of the CEO on the compensation that the firm pays
is higher in the states with low non-compete enforceability index. And it decreases
with the higher index. It is also interesting to notice that in the states where the index
would be 1 (the highest index is 0.9 in Florida) the overall effect of the change of CEO
on the compensation would be negative.

2.6.3 Discussion

The empirical results presented in this section show that the matches between CEOs
and companies improve over time in the U.S. The improvement in the matching results
in the higher CEO compensation and larger size of the firms. This is important in the
context of this paper because the CEOs constitute a major part of the hires by head-
hunters, and because CEOs are exactly the people on the top of the wage distribution.
The fact that the matching is improving over time supports the mechanism discussed
in the paper. Headhunters provide better matches both for the firms and for the CEOs
increasing the firm size and the CEO compensation.
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Table 2.13: CEO compensation and change of the CEO, individual firm size measures.

Sample period 1993-2013

Log of compensation (1) (2) (3) (4)

New CEO 0.0437** 0.1389*** 0.0420** 0.1876***

(0.0177) (0.0297) (0.0171) (0.0314)

Log of Firm Value 0.4311*** 0.4620*** - -

(0.0180) (0.0193) - -

Log of Equity Value - - 0.3442*** 0.3572***

- - (0.0161) (0.0191)

Year FE Yes No Yes No

Firm FE Yes Yes Yes Yes

R2 0.66 0.653 0.66 0.654

Number of observations 24673 24673 24673 24673

* p<10%, ** p<5%, *** p<1%
.

Table 2.14: CEO compensation and change of the CEO, bargaining power.

Sample period 1993 - 2013

Log of compensation (1) (2) (3) (4)

New CEO 0.3590*** 0.3145** 0.4079*** 0.3168**

(0.1293) (0.1277) (0.1318) (0.1302)

Log of Firm Value 0.4746*** 0.4466*** - -

(0.0173) (0.0183) - -

Log of Equity Value - - 0.3720*** 0.3629***

- - (0.0159) (0.0164)

Log of FV*New CEO -0.0269 -0.0332** - -

(0.0165) (0.0165) - -

Log of EV*New CEO - - -0.0291 -0.0366**

- - (0.0182) (0.0184)

Year FE No Yes No Yes

Firm FE Yes Yes Yes Yes

R2 0.654 0.659 0.654 0.662

Number of observations 24673 24673 24673 24673

* p<10%, ** p<5%, *** p<1%
.
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Table 2.15: CEO compensation and change of the CEO, match efficiency.

Firm Value Equity Value

(1) (2) (4) (5)

New CEO 0.4784*** 0.6138*** 0.4023*** 0.5208***

(0.0399) (0.0450) (0.0399) (0.0448)

Year FE No Yes No Yes

Industry FE Yes Yes Yes Yes

R2 0.200 0.231 0.095 0.132

Number of observations 24673 24673 24673 24673

* p<10%, ** p<5%, *** p<1%
.

Table 2.16: CEO compensation and the non-compete enforceability index.

Sample period 1993 - 2013

Log of compensation (1) (2) (3)

NCEI -0.0222*** -0.0286*** -0.0221***

(0.0028) (0.0029) (0.0029)

Log of Firm Value 0.1780*** 0.0514*** 0.1608***

(0.0149) (0.0146) (0.0149)

Log of Equity Value 0.0982*** 0.2114*** 0.1025***

(0.0184) (0.0149) (0.0183)

Log of Income 0.0640*** 0.04322** 0.0691***

(0.0122) (0.0152) (0.0114)

Log of Sales 0.1268*** 0.1571*** 0.1397***

(0.0108) (0.0082) (0.0086)

Year FE No Yes Yes

Industry FE Yes No Yes

R2 0.410 0.384 0.420

Number of observations 24217 24217 24217

* p<10%, ** p<5%, *** p<1%
.
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Table 2.17: CEO compensation, new CEOs, and the non-compete enforceability index.

Sample period 1993 - 2013

Log of compensation (1) (2) (3)

NCEI*New CEO -0.1685*** -0.2377*** -0.1805***

(0.0475) (0.0477) (0.0471)

New CEO 0.1245*** 0.0778*** 0.0663***

(0.0282) (0.0190) (0.0191)

Log of Firm Value 0.1769*** 0.0531*** 0.1633***

(0.0161) (0.0151) (0.0156)

Log of Equity Value 0.1031*** 0.2184*** 0.1049***

(0.0180) (0.0151) (0.0183)

Log of Income 0.0626*** 0.0390** 0.0673***

(0.0121) (0.0152) (0.0114)

Log of Sales 0.1208*** 0.1528*** 0.1368***

(0.0113) (0.0086) (0.0089)

Year FE No Yes Yes

Industry FE Yes No Yes

R2 0.409 0.381 0.419

Number of observations 24217 24217 24217

* p<10%, ** p<5%, *** p<1%
.
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Of course, there are shortcomings in this empirical specification because we don’t
know which CEOs are hired through a headhunter and which CEOs come from in-
ternal promotion or other channels. To address this issue directly one needs to collect
the data on the origins of the CEO and the way she was hired. Such study would be
able to analyze the difference between CEO compensation for a CEO coming through
headhunters and not. Most importantly, it would be also able to determine the effect
of a CEO hired by a headhunter on the firm performance. However, to collect such
data set would require a tremendous amount of work and time. Also, it wouldn’t be
still guaranteed that such a data set would be full, because not all companies changing
CEOs state whether they hired the CEO with a help from a headhunter or in a different
way (for example through referrals). Another shortcoming in this analysis is that the
firm size may not be a good proxy for the firm performance, other measures should be
used to account for the current performance of a firm, such as cash flows or profits.

To try to overcome the lack of data on identities of the CEOs hired by headhunters
I use non-compete enforceability index as an instrument for the probability to be hired
by a headhunter. In the states with a high NCEI activity of headhunters is limited and
therefore very few positions are filled by headhunters. The results show, indeed, that
in the states with low NCEI the increase in CEO compensation after a CEO change is
larger. This suggests that in the states with low NCEI more CEOs are hired by head-
hunters, so the improvement in matching is stronger and it leads to higher compensa-
tion.

Other studies discussing the increase in CEO compensation over the past decades
offer various explanations of this phenomena. Gabaix & Landier (2008) and Gabaix,
Landier, & Sauvagnat (2014) argue that the CEO pay increases because the average
company size is increasing. Murphy & Sandino (2010) argue that the CEOs may better
extract the rent from the company by hiring external compensation consultants that
follow their interest. Murphy & Zabojnik (2004) show that the nature of CEO skills
required to successfully run a company is changing over time and therefore more firms
hire the CEOs from outside of the firm and have to pay her more.

In another paper Murphy & Zabojnik (2007) provide empirical evidence on the CEO
origins at the moment of her appointment, i.e. whether she is coming from within the
company or from outside, and the effect of the origin on the compensation. They study
the S&P 500 companies (the largest 500 firms) during the period from 1970 to 2005.
They show that during the 1970s and 1980s only 15% and 17% of CEO appointments
account for the outside hires, while it increased to 26% in 1990s and almost 32.7% in
2000s. Even more importantly, they show that the external CEO receives 14.2% higher
compensation on average over the full sample, with the difference being just 6% in
the1970s, 15,9% in 1980s and 19.6% in 1990s. Not only the companies rely more and
more on the outside CEOs but also the pay difference between the internal and external
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CEOs is increasing. After reconciling these results with the data that almost all of the
outside CEOs are hired by headhunters, this is a strong evidence for the mechanism
proposed in this paper.

Among other studies more closely related to the mechanism studied in this pa-
per, Garmaise (2009) shows that tougher non-compete agreements regulation reduces
CEO turnover and compensation. Again, this suggests that in the states with higher
NCEI the activity of headhunters is limited18 and therefore it reduces opportunities of
CEOs to transit between firms and improve the efficiency of matching, therefore limit-
ing compensation. Pan (2015) shows the importance of assortative matching between
CEOs and firms for determination of the CEO compensation and the firm’s perfor-
mance. However, Pan (2015) doesn’t consider the change in the degree of assortative
matching over time or geographical differences.

2.7 Conclusion

This paper introduces the headhunter channel to the standard model of random match-
ing. The fact that headhunters have better information about a worker’s skill level and
that they can approach workers who are not actively searching for a (new) job at this
moment allows for better screening of workers and reduces labor market frictions at
the top part of the wage distribution. Moreover, headhunters separate the labor market
for high and low-productive firms allowing the high-productive firms to access only
the high-skilled workers. Because of worker skill and firm productivity complemen-
tarities, the wages of workers hired through headhunters increase more than propor-
tionally to the rest of the workers. Thus, the presence of headhunters generates a fat
tail of the wage distribution with a larger wage share of the top 1% and 10% workers.

Quantitative analysis of the model uses a calibrated version of the model to show
that introduction of the headhunter channel in otherwise standard random matching
model accounts for 70% of the increase in top 10% share of wages and 40% of the
increase of top 1% share of wages in the U.S. between 1970 and 2010. The results are
robust to the choice of targets related to the headhunter channel. The main effect comes
from the improvement in the assortative matching between workers and firms, espe-
cially at the top. The pattern and the amplitude of the improvement are comparable
to the empirical estimates of the change in assortative matching in the U.S. over the
same period. The headhunter channel helps to generate the strong non-linearity in the
pattern of matching observed in the data.

The paper also provides the empirical evidence of the joint increase of the use of
headhunters by firms and the top income shares. The paper uses cross-country data

18Garmaise (2009) does not talk about headhunters in his study.
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on headhunter revenues and number of hires through headhunters together with the
top income shares to show that normalized hires by headhunters are a good predic-
tor of the future growth of the top income shares in European countries. Then, it also
shows that the new CEOs in the U.S. get higher compensations comparing to the pre-
vious CEOs in the same companies and this effect is weaker in the states with high
non-compete enforceability index, i.e., in the states that potentially limit the activity of
headhunters.
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2.9 Appendix

2.9.1 Non-monetary costs of headhunters

In this case, it is more convenient to define two measures for firms with an open po-
sition - GV (p) for the firms using vacancy channel, and GH (p) for the firms using the
headhunter channel.
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Workers

Now the value functions are the following. For low-skilled unemployed workers:

SU (e) = SUV (e) ≡ fV (uV , aV , v)
∫ p

p
(W (e, p)− U (e)) dGV (p)− cwV .

For high-skilled unemployed workers:

SU (e) = SUVH (e) ≡ fH (uH , aH , h) (1 − fV (uV , aV , v))
(∫ p

p̂ (W (e, p)− U (e)) dGH (p)− cwH

)
+

+ fV (uV , aV , v) (1 − fH (uH , aH , h))
∫ p

p (W (e, p)− U (e)) dGV (p) +

+ fH (uH , aH , h) fV (uV , aV , v) ·
·
(∫ p

p̂

∫ p
p (max {W (e, p) , W (e, p′)} − U (e)) dGH (p) dGV (p′)− cwH

)
− cwV .

For low skilled employed workers:

SEV (e, p) ≡ fV (uV , aV , v)
∫ p

p

(
W
(
e, p′
)− W (e, p)

)
dGV

(
p′
)− cwV .

For high-skilled employed workers:

SEH (e, p) ≡ fH (uH, aH, h)
(∫ p

max{ p̂;p}
(
W
(
e, p′
)− W (e, p)

)
dGH

(
p′
)− cwH

)
,

and:

SEVH (e, p) ≡ fH (uH , aH , h) (1 − fV (uV , aV , v))
(∫ p

max{ p̂;p} (W (e, p′)− W (e, p)) dGH (p′)− cwV

)
+

+ fV (uV , aV , v) (1 − fH (uH , aH , h))
∫ p

p (W (e, p′)− W (e, p)) dGV (p′) +
+ fH (uH , aH , h) fV (uV , aV , v) ·
·
(∫ p

p̂

∫ p
p (max {max {W (e, p′′) , W (e, p′)} − W (e, p) ; 0}) dGH (p′) dGV (p′′)− cwH

)
− cwV .

Firms

The value function of firms posting a vacancy in this case is:

VV (p) = −c f V · p + β

(
V (p) + qV (uV , aV , v)

(
uV

uV+aV

∫ ê
e

(
J (p, e)− V

(
p, c′f N

))
dU (e) +

+ uV
uV+aV

(1 − fH (uH , aH , h))
∫ e

ê

(
J (p, e)− V

(
p, c′f N

))
dU (e) +

+ uV
uV+aV

fH (uH , aH , h) GH(p)
GH(p)

∫ e
ê

(
J (p, e)− V

(
p, c′f N

))
dU (e) +

+ aV
uV+aV

∫ ê
e

ΛV (e,p)
ΛV (e,p)

(
J (p, e)− V

(
p, c′f N

))
dLV (e) +

+ aV
uV+aV

(1 − fH (uH , aH , h))
∫ e

ê
ΛVH(e,p)
ΛVH(e,p)

(
J (p, e)− V

(
p, c′f N

))
dLVH (e) +

+ aV
uV+aV

fH (uH , aH , h) GH(p)
GH(p)

∫ e
ê

ΛVH(e,p)
ΛVH(e,p)

(
J (p, e)− V

(
p, c′f N

))
dLVH (e)

))
.

The value function of firms using headhunters is:
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VH (p) = −c f H · p+

+β

(
V (p) + qH (uH , aH , h)

(
uH

uH+aH
(1 − fV (uV , aV , v))

∫ e
ê

(
J (p, e)− V

(
p, c′f N

))
dU (e) +

+ uH
uH+aH

fV (uV , aV , v) GV (p)
GV (p)

∫ e
ê

(
J (p, e)− V

(
p, c′f N

))
dU (e) +

+ aH
uH+aH

∫ e
ê

ΛH(e,p)
ΛH(e,p)

(
J (p, e)− V

(
p, c′f N

))
dLH (e)

+ aH
uH+aH

(1 − fV (uV , aV , v))
∫ e

ê
ΛVH(e,p)
ΛVH(e,p)

(
J (p, e)− V

(
p, c′f N

))
dLVH (e) +

+ aH
uH+aH

fV (uV , aV , v) GV (p)
GV (p)

∫ e
ê

ΛVH(e,p)
ΛVH(e,p)

(
J (p, e)− V

(
p, c′f N

))
dLVH (e)

))
.

And the value of an open position is:

Ṽ
(

p, c f N
)
= max

{
VV (p) ; VH (p)− c f N

}
.

The quit rate is:

sQ (e, p, ω) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

fV (uV , aV , v)
(

GV (p)−GV (p)
GV (p)

)
i f p < p̃V (e) and e < e

fH (uH , aH , h)
(

GH(p)−GH(p)
GH(p)

)
i f p̃VH (e) < p < p̃H (e) and e ≥ e

(1 − fV (uV , aV , v)) · i f p < p̃VH (e) and e ≥ e

· fH (uH , aH , h)
(

GH(p)−GH(p)
GH(p)

)
+

+ (1 − fH (uH , aH , h)) ·
· fV (uV , aV , v)

(
GV (p)−GV (p)

GV (p)

)
+

+ fV (uV , aV , v) fH (uH , aH , h) ·
·
(

1 − GV(p)
GV(p)

GH(p)
GH(p)

)
0 otherwise.

Aggregation

The number of firms using the vacancy channel:

v =
∫ p̂

p
1dGV (p) .

And the number of firms using the headhunter channel:

h =
∫ p

p̂
1dGH (p) .

And the number of searching workers is determined as before.
Balance

The aggregate balance equation is as before:

φ (e, p)
(
s + sQ (e, p) (1 − s)

)
= iE (e, p) + iU (e, p) ,
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while the inflows now are:

iU (e, p) =

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

fV (uV , aV , v) gV (p)
v u (e) if e < ê

fH (uH , aH , h) (1 − fV (uV , aV , v)) gH(p)
h u (e) + if e ≥ ê

+ (1 − fH (uH , aH , h)) fV (uV , aV , v) gV (p)
v u (e) +

+ fH (uH , aH , h) fV (uV , aV , v)
(

gV (p)
v

GH(p)
GH(p) +

gH(p)
h

GV (p)
GV (p)

)
u (e)

and:

iE (e, p) =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

fV (uV , aV , v) gV(p)
v
∫ min{p,p̃V (e)}

p φ (e, p′) dp′ if e < ê

fH (uH , aH , h) gH(p)
h

∫ min{p,p̃H(e)}
min{p,p̃VH(e)} φ (e, p′) dp′+ if e ≥ ê

+ fH (uH , aH , h) (1 − fV (uV , aV , v)) gH(p)
h

∫ min{p,p̃VH(e)}
p φ (e, p′) dp′+

+ (1 − fH (uH , aH , h)) fV (uV , aV , v) gV (p)
v
∫ min{p,p̃VH(e)}

p φ (e, p′) dp′+

+ fH (uH , aH , h) fV (uV , aV , v) gV (p)
v

GH(p)
GH(p)

∫ min{p,p̃VH(e)}
p φ (e, p′) dp′+

+ fH (uH , aH , h) fV (uV , aV , v) gH(p)
h

GV (p)
GV (p)

∫ min{p,p̃VH(e)}
p φ (e, p′) dp′

2.9.2 Wage bargaining

In the baseline model wages are set as a constant share of the production, in this ex-
tension the wages are determined in period by period wage bargaining between the
worker and the firm. This might change the implication of the model because head-
hunters will affect the outside options of both parties. They improve the value of the
vacancy for the firm, so improving firm’s bargaining position and driving the wages
of top earners down, potentially dampening the effect from better matching. But at
the same time, they facilitate job search for high-skilled workers improving also their
bargaining position and increasing their wages even more. Moreover, the bargaining
position of medium-skilled workers worsens because they lose the possibility to move
to better matches, therefore decreasing their wages.

As in standard Nash bargaining, wage in a match between a worker with skill e and
a firm with productivity p is a solution of the Nash bargaining problem:

w (e, p) = max
w

(
Ŵ (e, p, w)− U (e)

)γ ( Ĵ (e, p, w)− V (p)
)1−γ ,

where γ is the bargaining power of the worker.
The FOC:

γ
(
Ŵ (e, p, w)− U (e)

)γ−1 ( Ĵ (e, p, w)− V (p)
)1−γ ∂Ŵ(e,p,w)

∂w =

− (1 − γ)
(
Ŵ (e, p, w)− U (e)

)γ ( Ĵ (e, p, w)− V (p)
)−γ ∂ Ĵ(e,p,w)

∂w ,

or simply

γ
(

Ĵ (e, p, w)− V (p)
) ∂Ŵ (e, p, w)

∂w
= − (1 − γ)

(
Ŵ (e, p, w)− U (e)

) ∂ Ĵ (e, p, w)

∂w
.
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From the value functions we can find that:

∂Ŵ (e, p, w)

∂w
= −∂ Ĵ (e, p, w)

∂w
= 1,

so the equilibrium wage for every match must satisfy the standard sharing rule:

γ
(

Ĵ (e, p, w)− V (p)
)
= (1 − γ)

(
Ŵ (e, p, w)− U (e)

)
.

Start with the model without headhunters. RHS of the sharing rule can be written
as:

γ (y − w + β ((s + sQ (1 − s))V′ + (1 − sQ) (1 − s) J′)−
−
(
−c f V · p + β

(
V′ + qV Ee′ |V [P (A) (J′ − V′)]

)))
,

and the LHS can be written as:

(1 − γ)
(
w + β

(
sU′ + (1 − s)

(
W′ + S′

E

))− (b + β
(
U′ + S′

U
)))

.

If the worker does not search on-the-job, the expressions simplify. For the RHS:

γ
(

y − w + β
(
sV′ + (1 − s) J′

)− (−c f V · p + β
(
(1 − qV)V′ + qV Ee′ |V J′

)))
,

and for the LHS:

(1 − γ)
(
w + β

(
sU′ + (1 − s)W′)− (b + β

(
U′ + S′

U
)))

.

We can solve for w and apply the sharing rule for the next period to get:

w = γ
(
y + c f V · p

)
+ (1 − γ) b + βγ

(
qVV′ − qV Ee′ |V J′

)
+ (1 − γ) βS′

U.

Without worker/firm heterogeneity this expression collapses to the standard wage
equation - equilibrium value of tomorrow search will be equal to equilibrium value
of a job, that in turn will be equal to the expected cost of a vacancy posted (κ/q).

Now consider the case when the worker searches on-the-job. We can solve for the
wage, w, from the initial sharing rule, applying the sharing rule of the next period
when needed to obtain the following expression for the wage:

w = γ
(
y + c f V · p

)
+ (1 − γ) b − (1 − γ) β

(
(1 − s) S′

E − S′
U
)

−βγ
(

sQ (1 − s) (J′ − V′) + qV Ee′ |V [P (A) (J′ − V′)]
)

.

This expression doesn’t change in the case of the model with the headhunter channel
(except the expectation operator). What changes with the headhunters are the values
of the search for the worker, both from unemployment and employment, the value of
a vacancy for the firm, and the quit rate. Effects of headhunters on wages are hetero-
geneous across different matches and depend dramatically on the bargaining power.
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For example, for the match between the top-ranked worker and the top-ranked firm,
where the worker doesn’t search on-the-job and the quit rate is equal to 0, the head-
hunter channel increases both, the outside option of the worker, S′

U, and the outside
option of the firm. They have opposite effects on the wage, and which one will be
stronger depends fully on the bargaining power. For other matches, the effect is even
more complicated. On top of the opposing effects of outside options, there is also an
effect on the worker’s on-the-job search. With headhunters, the worker doesn’t lose the
possibility to continue search on-the-job and receive offers from better firms. This puts
downward pressure on wages because the worker agrees to the match easier. More-
over, there is an interaction between the worker’s search and the value of a vacant
position for the firm through the quit rate. The value of a vacant position increases
with headhunters, putting upward pressure on wages, but because quit rate increases
at the same time, this effect is decreased leaving the overall effect ambiguous.

Numerical simulations show that the overall effect on individual wages, and, es-
pecially, on the wage distribution is ambiguous and depends crucially on the choice
of the bargaining power. With a high bargaining power of the worker, the effect of
headhunters on top wages is higher than in the benchmark model, while with a very
low bargaining power the effect is even the opposite, with headhunters reducing wage
inequality (even though the value of the bargaining power is not realistic in such sim-
ulations). When bargaining power is set to the levels used in the literature, the overall
effect is close to the benchmark results.

2.9.3 Headhunters as profit maximizers

In this section, I extend the model to add headhunters as additional agents choosing
the fee and the screening standards in order to maximize the profits. To choose the
screening standard, the headhunters need to compare the expected payoff from firms
willing to use headhunters with the given standard to the cost of screening. Head-
hunters have correct expectations about the number and the productivity of firms that
will use headhunters with each screening standard. The headhunters solve the follow-
ing problem:

max
ê,c f H

[∫ p̄

p̂(ê,c f V)
c f V · pdG (p)−

∫ p̄

p̂(ê,c f V)
cH (ê) dG (p)

]
,

where the first part is the fee revenues from firms using headhunters, and the second
term is the total cost of screening the workers. Headhunter balance between the fee
and the screening standard. When the screening standard is very high, many firms will
want to participate and pay a high fee for it, but the cost of screening for headhunters
will be also high, reducing the profits. And when the screening standard is low, firms’
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willingness to use headhunters decreases, so the headhunter has to reduce the fee,
and the profits drop. Solution to this problem crucially depends on the form of the
screening cost function.

Modeling headhunters explicitly and calibrating the cost function to match the
screening standard and the optimal fee would be equivalent to directly calibrating
the standard and the fee, as in the benchmark experiments of this paper. This would
change, however, if we studied a dynamic version of the model, but this is the question
for future research. Another issue with modeling headhunters is the choice of the mar-
ket structure. Is it a competitive market, monopoly, or monopolistically competitive
market? This question is also left for the future research.
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3. Safety net and individual

well-being, with Antonella Trigari
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Abstract

This chapter studies the effects of the safety net on the individual well-being of the
workers. We use a model with incomplete markets, nominal rigidities, and frictional
labor market to study direct and general equilibrium effects of the safety net on con-
sumption and labor market outcomes of individual agents. We study three programs:
unemployment insurance, social assistance (SNAP and TANF), and tax credit (EITC).
We show that individual consumption given assets is higher with stronger safety net
but the distribution over assets shifts to the left. The two effects almost cancel out
for aggregate consumption. Distribution of consumption is more concentrated with
stronger safety net, incidence of very low consumption disappears and incidence of
very high consumption decreases. Similar effects appear for the labor market out-
comes (search intensity, job finding rates, unemployment duration). Nash bargained
wages for low- and high-skilled workers are also moved apart.
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3.1 Introduction

During the Great Recession, the US unemployment rate rose from less than 5 percent in
2007 to almost 10 percent in 2009, persisted above 7 percent by 2013, and only recently
decreased to 5.5 percent. At the same time, the official poverty rate, the share of people
living below the poverty line, rose from 12.5 percent in 2007 to 15.1 percent in 2010,
and only decreased to 14.5 percent by 2013. This co-movement between the poverty
rate and the unemployment rate is also a feature of earlier business cycles.

The upsurge in unemployment and poverty during recessionary episodes brings
about a response of the social safety net, in part automatic (built-in response of the rules
of the transfer system) and in part discretionary (arising from discretionary actions by
policymakers), which is intended to provide support to the most affected households.
While there is no universal definition, the FAO defines the safety net as “cash or in-kind
transfer programs that seek to reduce poverty by redistributing wealth and/or pro-
tect households against income shocks. Social safety nets seek to ensure a minimum
level of well-being, a minimum level of nutrition, or help households manage risk.” In
2013, for example, 47.6 million US poor households received food assistance transfers
from SNAP (the Supplemental Nutritional Assistance Program, previously called Food
Stamp program), 14.4 million unemployed workers received unemployment benefits,
3.7 million needy families received cash welfare from TANF (Temporary Assistance for
Needy Families), and 28 million working poor benefitted from the EITC program (the
Earned Income Tax Credit program). The size and the cyclicality of the safety net is
important for two reasons: First because it directly affects the well-being of different
groups of individuals, who are vulnerable in heterogeneous ways to raising unem-
ployment and poverty, by preventing them from losing their incomes, shedding their
assets, and/or reducing their consumption. Second, because it influences the dynamics
of the business cycle, possibly contributing to stabilizing aggregate fluctuations.

This chapter investigates and measures the effects of the safety net. To do that, we
develop a model that captures most of the theoretical channels by which the safety
net operates and that includes the key features of the safety net observed in actual
economies. To account for the relevant channels and for the actual diversity of transfer
programs, the framework merges a standard incomplete market model with heteroge-
neous agents, a new-Keynesian model with nominal rigidities and a search and match-
ing model of the labor market. The model, in particular, implies a role for aggregate
demand; heterogeneous agents in terms of their labor market state, assets, incomes
and consumption; a motive for precautionary savings to insure against endogenous
unemployment risk; as well as endogenous search intensity decisions of unemployed
workers and bargaining over wages. Consequently, the safety net works via the full
set of channels that the literature has suggested. These are the stabilization of dis-
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posable income and aggregate demand (disposable income channel), the redistribu-
tion of resource among heterogeneous agents with different marginal propensities to
consume (redistribution channel), the provision of insurance against unemployment
risk to liquidity-constrained agents (insurance channel), the (dis)incentive to actively
search for a job when unemployed (search incentives channel) and, finally, the influ-
ence on the relative position in wage bargaining of firms and workers (bargaining
channel). Broadly speaking, the first three channels work via effects on consump-
tion/savings decisions, while the last two channels work via labor markets effects.
One distinguishing feature of our analysis is the focus on the interaction between the
social safety net and the workings of the labor market. One reason why this is impor-
tant is that there is a considerable overlapping between the pool of the unemployed
workers and the poor.

We calibrate the model to the US economy and to the US safety net and investigate
the influence of the safety net on the welfare of individuals that are heterogeneous in
terms of their labor market state, assets, incomes, consumption, and skills. For ex-
ample, we examine how the safety net influences the consumption, savings, income,
effort to search for a job, or job-finding rate of the most disadvantaged individuals.
Importantly, we account for the fact that the impact of the safety net on the recipients
of the transfers also works through their optimal response to the safety net, as well as
through general equilibrium effects.

A few very recent papers have also developed theoretical frameworks with incom-
plete markets, nominal rigidities and search frictions. The objective is mainly to ex-
plain the persistent raise in unemployment and decline in job-finding rates during the
recent downturn. The focus is on the amplification mechanism produced by the inter-
action of aggregate demand, precautionary savings and unemployment risk. A drop
in aggregate demand that results in reduced new job openings by firms causes an en-
dogenous increase in uninsurable unemployment risk, raising in turn precautionary
savings, thus further depressing aggregate demand. Ravn and Sterk (2014), for exam-
ple, show that in presence of such an amplification mechanism, an exogenous raise in
the separation into long-term unemployment has large and persistent effects on un-
employment and output. Other examples are Challe et al. (2015), Bayer et al. (2014)
and Den Haan et al. (2014). Because the question asked is different and the focus is
on precautionary savings, these papers make simplifying assumptions that effectively
rule out some of the key channels by which the safety net operates.

Krusell et al. (2010) emphasize the trade-off of unemployment benefits between
providing insurance and discouraging job creation within a search and matching model
with incomplete-markets and precautionary savings, but no role for aggregate de-
mand. Hagedorn et al. (2013) empirically investigate the bargaining channel of un-
employment insurance within the context of a baseline search and matching model.
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Both works only focus on one safety net program (unemployment insurance) and most
importantly on only one channel (insurance in the first and bargaining in the second).

McKay and Reis (2016) study whether a variety of automatic stabilizers, includ-
ing some safety net transfers, are effective at reducing business cycle volatility. They
put forward a model that nests the standard incomplete markets model and the new-
Keynesian model. They find that transfers to the unemployed and the needy are the
most effective at stabilizing business cycles through the insurance channel. However,
they take unemployment risk to be exogenous. Consequently, they rule out the ampli-
fication mechanism arising from the interaction of aggregate demand, precautionary
savings and unemployment risk and thus the role of the safety net in moderating it.
At the same time, they abstract from both the search incentive and bargaining chan-
nels, by which the safety would tend to amplify labor market fluctuations, rather than
stabilize them.

Bitler and Hoynes (2014) investigate empirically whether the response of alterna-
tive measures of the poverty rate has changed during the Great Recession relative to
prior cycles, as well as the mediating role of the four core safety net programs in the
US. The find that TANF provided less protection in the Great Recession, possibly ex-
plaining more cyclical extreme poverty, while the opposite is true for SNAP and un-
employment insurance, in line with evidence of less cyclical overall poverty.

We now describe in more details i) the theoretical channels by which the safety net
may work; ii) the key elements of the US safety net and the channels by which they
operate; iii) the features of the model needed to capture the theoretical channels and
the characteristics of the actual safety net programs.

There are five theoretical channels by which the safety net can affect individual and
aggregate outcomes. The first is a disposable income channel, typically emphasized in
the literature on automatic stabilizers. By providing transfers to a worker experienc-
ing either a loss of income on the job or a loss of the job itself, the safety net stabilizes
her disposable income and consumption level. At the aggregate level, the disposable
income channel stabilizes aggregate demand and, in presence of nominal rigidities,
stabilizes business cycle fluctuations. Second, the safety net works by an insurance
channel, as it provides insurance against the risk of future income drops. The safety
net reduces the motive for precautionary savings by better allowing workers, who may
be limited in their ability to borrow and be facing liquidity constraints, to smooth con-
sumption over time. A reduction in precautionary savings, in turn, sustains aggre-
gate demand during recessionary times, when the extent of idiosyncratic risk raises.
Third, there is a redistribution channel. One direct effect of the safety net is to reduce
poverty by transferring resources from rich to poor agents. Redistribution also has ag-
gregate consequences: since poorer individuals have higher marginal propensities to
consume than richer individuals do, aggregate demand raises after redistribution. The
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fourth channel is a search incentives channel. The safety net changes the relative value
of work and non-work activity, affecting the marginal incentives to engage in costly
search when unemployed. Specifically, transfers to the unemployed workers raise the
relative value of unemployment and reduce the marginal incentives to search for a job.
This is the well-known “moral hazard effect” of UI. Moreover, the search incentive
channel can be amplified when unemployed workers are liquidity constrained, as em-
phasized in Chetty (2008). The disincentive effect of the safety net on search intensity
by the unemployed reduces job-finding rates and thus amplifies cyclical fluctuations
in unemployment. Transfers to low-income employed workers, such as EITC, instead,
raise the relative value of work and therefore raise the marginal incentives to search
when unemployed. Finally, the safety net works by a bargaining channel. By changing
the relative value of work to non-work activity, the safety net affects the wages bar-
gained by workers and firms, directly affecting the labor component of income. At the
same time, by changing workers’ effective bargaining power and wages, the safety net
affects firms’ incentives to post vacancies and hire new workers. Similarly as the search
incentive channel, this effect can change the speed of recoveries in labor markets.

Following Bitler and Hoynes (2014), we focus on the four core elements of the US
social safety net. Unemployment Insurance (UI) is a standard earning replacement
tool for involuntarily unemployed workers. It is not means tested (eligibility does not
depend on income and assets tests) and has a fixed duration, typically up to 26 weeks.
Supplemental Nutritional Assistance Program (SNAP, previously called Food Stamps)
is a means tested food assistance transfer to households below the poverty line. Cash
welfare assistance (TANF, Temporary Assistance for Needy Families, previously called
AFDC, Aid to Families with Dependent Children) is a cash transfer to single parent
families with children, eligible based on low income and assets. Compared to SNAP, it
targets extreme poverty levels (typically less than 50 percent of the poverty guideline).
Earned Income Tax Credit (EITC) is a transfer in the form of income tax reductions
targeting low-income working individuals. While all programs aim at improving the
welfare of the most disadvantage individuals, each program may have different effects
via the five channels described above by differently affecting the incentives of workers
and firms. All four programs stabilize consumption and aggregate demand via the
disposable income, insurance, and redistribution channels as they all target the poor
(in case of SNAP, TANF, and EITC) and/or low-income individuals (in case of UI).
Nonetheless, their relative quantitative importance is an open question. At the same
time, the four programs have heterogeneous effects via the labor market channels. The
components of SNAP and TANF that belong to the opportunity cost of employment
and UI, when eligible, discourage search efforts and put upward pressure on wages.
EITC, instead, encourages search effort and push wages of low-income workers down.
At the same time, TANF implies some penalties for non-working making the effects
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less certain. Further differences come from the fact that the worker loses the UI transfer
after finding a job while maintaining eligibility for SNAP and TANF if her income is
still low, or from the fact that eligibility conditions in terms of assets limit are stricter
for TANF than for SNAP. Thus, many of the labor market effects of the safety net are a
priori ambiguous.

The model includes the ingredients needed to capture the five theoretical channels.
First, agents are heterogeneous in terms of their labor market state, assets, incomes,
and skills (in Bewley fashion) to allow for a redistribution channel. Second, workers
are borrowing constrained and thus unable to perfectly smooth consumption, giving
room for an insurance channel. Third, nominal rigidities in goods markets imply a dis-
posable income channel at the aggregate level. Fourth, frictional labor markets allows
for a bargaining channel. Fifth, the workers choose their job search effort during un-
employment, so that there is a search incentive channel. The model is also suitable to
properly account for the key elements of the different safety net programs, in terms of
both the eligibility criteria and the different characteristics of the program (for exam-
ple, the type transfer and the duration of participation...). In particular, frictional labor
markets allows to model eligibility and duration of UI program. Income and assets
heterogeneity permits to model the eligibility to SNAP, TANF and EITC programs.

In this chapter we compare to economies that differ in the strength of the safety
net but otherwise identical. We show that the safety net has two important effects
on individual consumption decisions. First, a stronger safety net shifts consumption
policy functions of all types of workers upward, increasing the consumption of every
worker given the assets level. And second, it shifts the distribution of agents over as-
sets towards zero. Stronger safety net weakens precautionary savings motive shifting
the savings policy functions downward. This effects almost cancel out if we look on
the aggregate consumption, the aggregate consumption is only slightly higher with
stronger safety net. However, it has important effects on the distribution of consump-
tion across agents. The distribution becomes more concentrated around the average
consumption with stronger safety net. The incidence of very low consumption disap-
pears because the safety net creates a floor for minimum consumption. But at the same
time the incidence of very high individual consumption also almost disappears due to
lower savings of workers. Similar effects happen on the labor market. Search inten-
sity policy functions shift down with stronger safety net while the distribution shifts
to the left. These two effects cancel out completely due to our calibration strategy (we
fix aggregate search intensity to be one in the steady state). However it has important
effects on the distribution of search intensities, job finding rates and unemployment
durations. With stronger safety net, long-term unemployed workers stay unemployed
longer while more short-term unemployed exit unemployment faster. On the wage
side, weaker safety net compresses the wages of low- and high-skilled workers.
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The reminder of this chapter is organized as follows. Section 2 describes the theo-
retical model. Section 3 demonstrates the quantitative results. Section 4 concludes.

3.2 The model

Time is discrete. There is a measure one of infinitely-lived workers/consumers who
can be either employed, short term unemployed or long term unemployed. Asset mar-
kets are incomplete and individuals face two sources of uninsurable idiosyncratic risk:
endogenous risk on their employment status and exogenous risk on their skills. A
safety net system partially insures workers against those risks. There is a measure ν

of infinitely-lived capital owners who own the firms, have access to financial markets
where all idiosyncratic risks can be insured and enjoy significant wealth. Firms are
of three types: final goods firms, retailers and wholesale firms. A competitive final
good sector combines differentiated varieties of intermediate goods into final goods.
A measure one of monopolistic competitive retailers differentiate a wholesale good
into varieties and sell them to the final goods firms. A continuum of wholesale firms
hire workers in a frictional labor market to produce the wholesale good and sell it to
the retailers in competitive markets.

3.2.1 Timing

Agents’ decision problem is formulated according to the following intra-period timing
protocol: (i) realization of aggregate shocks, (ii) vacancy posting and matching, (iii) re-
alization of match-level separation shocks and workers’ skills shocks, (v) consumption
and savings, search intensity by the unemployed, production and wage bargaining.
This timing implies that posted vacancies meet with workers unemployed at the end
of the previous period and that newly formed matches become productive employ-
ment relationship within the same period.

3.2.2 Workers/consumers

Workers/consumers are risk-averse and cannot fully insure against idiosyncratic risk
originating in the labor market. Risk takes two forms: employment risk and human
capital risk.

A worker is either employed, short term unemployed or long term unemployed.
Transitions between the three labor-force states are endogenous. Unemployed work-
ers search for a job with variable search intensity, σ, and differ in their cost of exerting
search effort, depending on their unemployment state. Short term and long term un-
employed workers also differ in the efficiency with which they match with search-
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ing firms. Duration-dependent matching efficiencies help accounting for duration-
dependent job finding rates and capture phenomena as the discrimination from the
part of employers as the length of the jobless spell raises.1 Transitions between labor
force states take place as follows: an employed worker retains her job with exogenous
probability ρ and loses it with complementary probability 1− ρ; if she loses her job, she
becomes short-term unemployed and each period she finds a new job with endogenous
probability ρs per unit of search intensity and remains unemployed otherwise; if she
fails to find a job for k̄ periods (6 months in our baseline calibration, consistently with
the definition of long term unemployment in the US), she becomes long term unem-
ployed and from then on she finds new jobs with endogenous probability ρl per unit
of search intensity and remains long term unemployed otherwise. Workers can only
exit the long term unemployment state to employment, that is, there are no transitions
from long term unemployment to short term unemployment.

Workers also face idiosyncratic human capital or skill risk, h, capturing shocks to
the skills of the worker, or to her productivity on the job when employed. Skill risk
generates cross-sectional dispersion in labor income. This is key to model the different
programs of the safety net, many of which have both their eligibility and their benefits
dependent on the individual’s income. Moreover, shocks to the labor income represent
a second source of cross-sectional dispersion in assets, besides employment shocks.
This helps matching the wealth distribution that we observe in the data. Transitions
between different skill levels are exogenous and governed by a transition matrix Π,
where the (i, j)th element π

(
hi, hj

)
is the probability of transition from skill level hi

today to skill level hj tomorrow.
Employed households work full time (with hours worked normalized to unit), earn

a real wage w per unit of skill and suffer a constant disutility from supplying labor
denoted with ς.

Market incompleteness is modeled as in the tradition of Bewley (1983), Huggett
(1993) and Aiyagari (1994) models. Households can only save in a nominal non state-
contingent government bond, a, and face a borrowing limit in real terms equal to a.

Workers/consumers benefit from three different programs of the safety net: unem-
ployment insurance, social assistance and a tax credit program. The programs target
different groups of workers and have different benefit characteristics. Unemployment
insurance targets short term unemployed workers. While in extensions we also con-
sider the case where unemployment insurance is extended to the long term unem-
ployed, in the baseline case we assume that unemployment benefits expire after k̄ peri-
ods of unemployment. Social assistance is a means-tested program targeting the poor.
Finally, the tax credit program targets the working poor. Individuals pay a personal

1See the recent CV audit studies of Ghayad (2013), Kroft et al. (2013) and Eriksson and Rooth (2014).
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income tax. We describe the tax and transfer system in details in Section xx.
We now describe the problem faced by the workers/consumers in the model, de-

pending on their employment status. Let W (a, h; Ω) denote the value function of an
employed consumer, given her asset holdings, a, her skill level, h, and the aggregate
state, Ω. Let U sk (a, h; Ω) denote the value function of a short term unemployed con-
sumer with unemployment spell of length k = 1, 2, ..., k̄, and U l (a, h; Ω) the value
function of a long term unemployed consumer.

Employed consumers

Let i denote the nominal net interest rate on government bonds and w the wage per
unit of skill. An employed consumer earns income from interest on asset holdings,
(i−1/p) a, and from wages, wh. The wage w is determined through Nash bargaining
between the worker and the firm and the details of the bargaining process are de-
scribed later. The consumer pays personal taxes, τ, on earned income, x, and may be
eligible for a social assistance transfer, τsa, and a tax credit benefit, τtc. Personal taxes,
social assistance and tax credits depend on individual characteristics as the assets and
income. We describe the exact functional forms in Section xx.

For a given wage w, an employed consumer chooses consumption, c, and beginning-
of period asset holdings, a′, to solve

W̃ (w, a, h; Ω) = max
c,a′

[
u (c)− ς + β ∑

h′
π
(
h, h′
)

E
{

ρW (
a′, h′; Ω′)+ (1 − ρ)U s1

(
a′, h′; Ω′)}]

(3.1)

subject to the budget constraint and the borrowing limit

pc + a′ = p [x − τ (x) + τsa (x, a) + τtc (x, a)] + a

x = xe (a, h; Ω) ≡ (i−1/p) a + wh

a′ ≥ pa

where ς is the fixed disutility cost of supplying labor, p is the price level, and τsa (·)
and τtc (·) are social assistance and tax credit functions to be described below. Note
that an employed worker retains her job with exogenous probability ρ and becomes
short term unemployed with unemployment spell of length 1 with probability 1 − ρ.

Let the decision rule for a′ for employed consumers be a′ = ψ̃e (w, a, h; Ω) . Let the
wage resulting from Nash bargaining be w = ω (a, h; Ω). Then W (a, h; Ω) is defined
as

W (a, h; Ω) ≡ W̃ (ω (a, h; Ω) , a, h; Ω)

and we also define
ψe (a, h; Ω) ≡ ψ̃e (ω (a, h; Ω) , a, h; Ω)
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Finally, let the decision rule for c for an employed consumer evaluated at the Nash
bargained wage be c = ce (a, h; Ω).2

Short term unemployed consumers

Short term unemployed consumers earn interest income, (i−1/p) a, and receive unem-
ployment insurance, τu. They may also be eligible for social assistance transfers, τsa.
Unemployment benefits are taxed while social assistance benefits are not.

A short term unemployed consumer experiencing an unemployment spell of length
k = 1, 2, ..., k̄ chooses consumption, c, search intensity, σ, and asset holdings, a′, to solve

U sk (a, h; Ω) = max
c,σ,a′

[
u (c)− ςs (σ) + β ∑

h′
π
(
h, h′
)

E
{

σρ′sW
(
a′, h′; Ω′)+ (1 − σρ′s

)U s′k
(
a′, h′; Ω′)}]

(3.2)

subject to the budget constraint and the borrowing limit

pc + a′ = p [x − τ (x) + τsa (x, a)] + a

x = xsk (a, h; Ω) ≡ (i−1/p) a + τu (h)

a′ ≥ pa

where τu (·) is the unemployment insurance function to be described below, where the
function ςs (·) denotes the cost of exerting search effort for the short term unemployed,
and where ρ′s is the endogenous job finding probability next period per unit of search
intensity for the short term unemployed. We assume that the search effort σ exerted
today determines the number of matches formed tomorrow, as formalized in Section
xx when we describe matching between workers and firms.3 The upper-script s′k for
the value of unemployment is given by

s′k =

⎧⎨
⎩sk+1 i f k < k̄

l i f k = k̄

indicating that, failing to find a job, the worker transits from a state of short term un-
employment with spell of length k to one of short term unemployment with spell of
length k + 1, until reaching the state of long term unemployment after k̄ periods.

2The value and policy functions defined for any given wage w, and denoted with a tilde symbol, are
needed to formalize the wage bargaining in Section xx.

3Think of a worker sending out her CV today but firms only screening it tomorrow. This assumption
buys us tractability as it allows to model the consumption and the search intensity decision simultane-
ously, rather than having search intensity chosen at the start of the period and consumption at the end
of the period, which in turn would imply defining two separate value functions for the unemployed.
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Let the duration dependent decision rule for a′ for unemployed consumers be a′ =
ψsk (a, h; Ω), with k = 1, 2, .., k̄ indicating the length of the unemployment spell. Fur-
ther, let the policy functions for consumption and search intensity be c = csk (a, h; Ω)

and σ = σsk (a, h; Ω) with k indexing unemployment duration.

Long term unemployed consumers

Long term unemployed consumers earn interest income, may be eligible for social as-
sistance, but have exhausted unemployment benefits.

A long term unemployed worker chooses consumption, c, search intensity, σ, and
asset holdings, a′, to solve

U l (a, h; Ω) = max
c,σ,a′

[
u (c)− ςl (σ) + β ∑

h′
π
(
h, h′
)

E
{

σρ′lW
(
a′, h′; Ω′)+ (1 − σρ′l

)U l (a′, h′; Ω′)}]

(3.3)

subject to the budget and borrowing constraints

pc + a′ = p [x − τ (x) + τsa (x, a)] + a

x = xl (a, h; Ω) ≡ (i−1/p) a

a′ ≥ pa

where the function ςl (·) denotes the cost of exerting search effort for the long term un-
employed and where ρ′l is the endogenous job finding probability next period per unit
of search intensity for the long term unemployed. As for the short-term unemployed
workers, the search effort exerted today determines tomorrow’s likelihood of finding
a job.

Let the decision rules for a′, c and σ for a long term unemployed consumer be
a′ = ψl (a, h; Ω), c = cl (a, h; Ω) and σ = σl (a, h; Ω).

3.2.3 Capital owners

A measure ν of risk-averse infinitely-lived capital owners or capitalists own all firms
in the economy and collect dividends. They have access to complete financial markets
where idiosyncratic risk can be insured. Since these agents enjoy significant wealth,
this is not a strong assumption as they would be close to full self-insurance even with-
out access to complete financial markets. For simplicity, we directly assume capital
owners face no employment and skill risk. They are always employed and have fixed
skill level h̄. They borrow and save using risk-less nominal government bonds, face
no borrowing constraint, earn income in the form of interest income, labor income,
and dividends, and pay personal income taxes. We assume capitalists have the same
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period utility of the workers, but we normalize their disutility from work to 0. We as-
sume capital owners are less impatient than workers: they discount the future at rate
β̄ > β. Heterogeneous discount factors help matching the very skewed wealth distri-
bution that is observed in the data. Finally, we assume capitalists work in wholesale
firms, which they own, set up a wage for themselves equal to their revenue per unit of
skill.4

Let W̄ (a; Ω) denote the value function of the representative capitalist, given her
asset holdings, ā, and the aggregate state, Ω. The representative capital owner chooses
consumption, c̄, and asset holdings, ā′ to solve

W̄ (ā; Ω) = max
c̄,ā′

[
u (c̄) + β̄E

{W̄ (
ā′; Ω′)}] (3.4)

subject to the budget constraint

pc̄ + ā′ = p [x̄ − τ (x̄) + τ̄] + ā

x̄ = (i−1/p) ā + w̄h̄ + d̄

where τ̄ is a lump sum transfer to the capitalists and d̄ are total dividends.

3.2.4 Final good firms, retailers and price setting

A competitive sector for final goods combines differentiated varieties of intermediate
goods according to the production function

Y =

(∫ 1

0

(
yj
) ε−1

ε dj
) ε

ε−1

, (3.5)

where yj is the input of intermediate good j and ε is the elasticity of substitution across
varieties. Final goods firms purchase intermediate good j at price pj and take as given
the final goods price p. From cost minimization, it follows that the demand for variety
j is given by

yj =

(
pj

p

)−ε

Y, (3.6)

and the price index p is given by

p =

(∫ 1

0

(
pj
)1−ε dj

) 1
1−ε

. (3.7)

A measure one of monopolistic competitive retailers buy a wholesale good from
wholesale firms, differentiate it into varieties yj with a technology that transforms one

4Since capitalists collect total dividends, their income x̄ is unaffected by the way their wage is set.
Assuming the wage equals revenues per unit of skills just simplifies the equation for wholesale firms’
dividends.
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unit of wholesale good into one unit of intermediate good and sell it to the final goods
producers. Retailers set prices infrequently as in Calvo (1983) with probability of re-
vision θ. At each revision date, a retailer producing variety j chooses an optimal price
p∗j to maximize expected future profits, subject to the demand for its own variety. As
retailers are owned by the capitalists, they use their discount factor Λ (Ω, Ω′). Let q
be the relative price of the wholesale good and χ a fixed cost of production. The price
setting problem of retailer j at each revision date t can be written as

max
p∗j

Π
(

p∗j ; Ω
)

(3.8)

with
Π
(

pj; Ω
)
= dj

(
pj; Ω

)
+ (1 − θ)Λ

(
Ω, Ω′)Π

(
pj; Ω′)

and

dj
(

pj; Ω
)
=

(
pj

p
− q
)

yj − χ

and subject to the demand equation (4.1).

3.2.5 Wholesale goods firms and wage bargaining

Firms hire workers in a frictional labor market and produce the wholesale good. To
hire a worker, a firm must post a vacancy. There is a flow cost of posting a vacancy,
denoted with κ. Each firm has a single job that can be either filled or vacant.

The value of posting a vacancy, V (Ω), is

V (Ω) = −κ + ρ f J̄ (Ω) +
(
1 − ρ f

)
E
{

Λ
(
Ω, Ω′) V (Ω′)} , (3.9)

where J̄ (Ω) is the average value of a filled job under random search. It depends on
the distribution of unemployed workers over assets, skills and duration of the unem-
ployment spell, as these determine the savings and search intensity decisions of the
unemployed workers (see the Appendix for its expression). Free entry ensures that in
equilibrium V (Ω) = 0.

For a given wage w, the value of having a job filled with a worker with assets a and
skills h, J̃ (w, a, h; Ω), is given by

J̃ (w, a, h; Ω) = qzh−wh+E

{
Λ
(
Ω, Ω′) [ρ ∑

h′
π
(
h, h′
)J (ψ̃e (w, a, h; Ω) , h′; Ω′)+ (1 − ρ)V (Ω′)]} ,

(3.10)

where q is the relative price of the wholesale good and z is aggregate labor productivity
per unit of skill. The term qzh − wh is profit per worker. Recall ψ̃e (w, a, h; Ω) is next
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period asset holdings of an employed worker with assets a and skills h at wage w.
J (a, h; Ω) is defined as

J (a, h; Ω) ≡ J̃ (ω (a, h; Ω) , a, h; Ω) ,

where w = ω (a, h; Ω) is the solution to the bargaining problem to which we turn now.
The wage is determined by Nash bargaining between wholesale firms and workers.

The wage maximizes the Nash product:

max
w

(
W̃ (w, a, h; Ω)− U s,1 (a, h; Ω)

)η (J̃ (w, a, h; Ω)
)1−η , (3.11)

where η ∈ (0, 1) represents the bargaining power of the worker, W̃ (w, a, h; Ω) −
U s,1 (a, h; Ω) is the surplus from employment at wage w for a worker with asset a and
skills h, and J̃ (w, a, h; Ω) is the firm surplus from a filled job at wage w with a worker
with assets a and skills h. The outside option in bargaining for employed workers is
short term unemployment with unemployment spell of length 1. The bargained wage
depends on both the worker assets and skills.

3.2.6 Labor market matching

Firms with vacancies and unemployed workers randomly match each period accord-
ing to a matching technology

M = χΣα
−1V1−α (3.12)

where M denotes the number of matches within a period when firms post V vacancies
and unemployed workers at the end of previous period exert Σ−1 units of search in-
tensity. We assume that the search effort exerted by workers unemployed at the end of
the previous period determines the number of matches formed today. The matching
function has standard properties with χ reflecting the efficiency of the matching pro-
cess and α the elasticity of matches to units of search effort from unemployed workers.
We assume that long term unemployed workers are less efficient than short term un-
employed in matching with firms by a factor 0 < φ < 1. Aggregate search intensity is
given by

Σ =
∫

a,h

[
∑
k

σsk (a, h; Ω) f sk (a, h; Ω) + φσl (a, h; Ω) f l (a, h; Ω)

]
dadh (3.13)

where σsk (a, h; Ω) and σl (a, h; Ω) are, respectively, the search intensity of a short term
unemployed worker with unemployment spell of length k, assets a and skills h and
the search intensity of a long term unemployed worker with assets a and skills h; and
where f sk (a, h; Ω) and f l (a, h; Ω) are, respectively, the measure of unemployed work-
ers with unemployment spell of length k over bond holdings and skill levels and the
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measure of long term unemployed workers over bond holdings and skill levels. The
search intensity of the long term unemployed is weighted by φ.

The probability a firm fills a vacancy, ρ f , the probability a short term unemployed
workers finds a job per unit of search effort, ρs, and the probability a long term unem-
ployed workers finds a job per unit of search effort, ρl, are given by

ρ f =
M
V

= χ

(
V

Σ−1

)−α

(3.14)

ρs =
M

Σ−1
= χ

(
V

Σ−1

)1−α

(3.15)

ρl = φρl (3.16)

The law of motions for employment N can be described by

N = ρN−1 + M (3.17)

where separation only hits existing matches and newly-formed matches become pro-
ductive within the same period.

3.2.7 Government and tax and transfer system

We introduce three programs of the safety net: unemployment insurance, social assis-
tance and a tax credit . These programs target different groups of workers and have
different benefit characteristics. Let us describe each of them in turn.

Unemployment insurance targets the short term unemployed workers. We will
also consider the case where unemployment insurance is extended to the long term
unemployed workers. In the baseline case, we assume that unemployment insurance
expires after s̄ periods of unemployment and is governed by the following function of
the worker’s skill:

τu (h) = τ̄umin
{

h, h̄u
}

,

where τ̄u is the benefit level per unit of skill and h̄u defines a maximum cap to the level
of benefits.5 Given the persistence of the skill process, making unemployment benefits
dependent on the worker’s current skill level is a way of capturing the dependence of
benefits on past labor incomes.

Social assistance is a means-tested program targeting the poor. A household is
eligible for social assistance if his income is below a certain percentage of the poverty
line and his liquid assets do not exceed a certain limit. We assume that social assistance
is governed by the following function

5We borrow this specification from McKay and Reis (2016).
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τsa (x, a) = Isa (a)max {(τ̄sa − βsax) , 0} ,

where Isa (·) is an indicator function taking the value of 1 if the individual’s current
assets are below the eligibility threshold, and taking the value of 0 otherwise. Con-
ditional on asset eligibility, the social assistance transfer equals the maximum benefit
amount, τ̄sa, minus the individual’s contribution, βsax. The recipient’s contribution
raises with her income at rate βsa, with βsa < 1. The income eligibility threshold is
implicitly defined to be τ̄sa/βsa.

Finally, we introduce a tax credit for the working poor, governed by the function

τtc (x, a) = Itc (a)max {min {τ̄tc, αtc − βtcx} , 0} ,

where Itc (·) is an indicator function taking the value of 1 if the individual’s current as-
sets are below the eligibility threshold, which is specific to the tax credit program, and
the value of 0 otherwise. The tax credit payment depends on the worker’s income x,
with αtc > τ̄tc and βtc < 1. The function τtc (x, b) is first constant and then decreasing,
capturing the property that the tax credit amount first equals a maximum level and
then begins to phase out at higher income levels.6 The maximum tax credit benefit is
τ̄tc and the income eligibility thresholds is αtc/βtc.

A key element of the model is the personal income tax system. The household’s
income, x, is taxed according to a tax function τ (·). We assume the tax system is
progressive, that is, the function τ (·) is increasing and convex.

The government satisfies the budget constraint:

pG + (1 + i−1) B − B′ = p
∫

a,h

[
∑

r
τ (xr (a, h; Ω) , a) f r (a, h; Ω)

]
dadh + pντ (x)

− p
∫

a,h

[
∑

r
τsa (xr (a, h; Ω) , a) f r (a, h; Ω)

]
dadh (3.18)

− p
∫

a,h
[τtc (xe (a, h; Ω) , a) f e (a, h; Ω)] dadh

− p
∫

a,h
[τu (h) f u (a, h; Ω)] dadh − pντ

where G is the government spending, B is nominal government debt, and r ∈ {e; s1; s2; ...; sk; l
}

indexes labor force states.
Monetary policy follows a Taylor rule:

i = i + φ log (π) + ε (3.19)
6In reality there is an initial phase-in. The benefit is increasing at very low levels of income before

reaching the maximum level. However, the rationale for this property has to be to incentivize work at
the intensive margin. Since for simplicity we focus on the extensive margin we abstract from the initial
phase-in.
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with φ > 1, π = p/p−1 and ε denotes a monetary policy shock that follows an AR(1)
process.

Government spending and capital owners transfers follow deterministic policy rules:

log (G) = log
(
G
)− γG log

(
B/p

B

)

τ = τ∗ − γτ log
(

B/p
B

)
where γG and γτ measure the sensitivity of reaction of government spending and
transfers to the level of government debt.

3.2.8 Equilibrium

A recursive equilibrium is a solution for (i) the value functions
{W (a, h; Ω) ,U sk (a, h; Ω) ,U l (a, h; Ω)

and the policy functions
{

ψe (a, h; Ω) , ψsk (a, h; Ω) , ψl (a, h; Ω) , ce (a, h; Ω) , csk (a, h; Ω) , cl (a, h; Ω) , σ

σl (a, h; Ω)
}

for workers, with k = 1, 2, .., k̄; (ii) the value functions {J (a, h; Ω) ,V (Ω)}
for wholesale firms; (iii) the wage ω (a, h; Ω) per unit of skills; (iv) consumption c̄, as-
set holdings ā′ and dividends d̄ for capital owners; (v) individual retail firms variables{

yj, pj, dj
}

; (vi) a set of aggregate quantities and transition rates
{

Y, C, N, M, V, Σ, ρ f , ρs, ρl
}

;
(vii) the final goods price p and the relative price of wholesale goods q; (viii) gov-
ernment choices {B′, G, i} and; (ix) measures of workers over assets and skill levels
{ f e (a, h; Ω) , f sk (a, h; Ω) ,
f l (a, h; Ω)

}
, with k = 1, 2, .., k̄. The solution is such that: (i) the value and policy

functions for workers solve (3.1)-(3.3); (ii) the value of posting a vacancy satisfies the
free entry condition, V (Ω) = 0; (iii) ω (a, h; Ω) solves the Nash bargaining condition
(3.11); (iv) c̄ and ā′ solve the capital owners problem (3.4) and d̄ are defined in the
appendix; (v) final goods firms behave according to (4.1) and (4.2); (vi) retailers max-
imize (4.3); (vii) aggregate employment evolves according to (3.17); (viii) aggregate
search intensity is determined by (3.13); (ix) the transition probabilities are determined
by (3.14)-(3.16); (x) markets for goods and assets clear as described in the appendix;
(xi) fiscal policy satisfies (3.18) and monetary policy satisfies (3.19); (xii) the evolution
of the measures of workers over assets and skill levels are consistent with a transition
function Q; (xiii) Q is defined in the appendix.

3.2.9 Computation

To solve for the equilibrium we follow the algorithm by Reiter (2009). First, we solve
for the steady state. To do that, we approximate the distributions with histograms, the
policy and value functions with vectors over a fixed grid. We use the following itera-
tive procedure: first, we guess disposable income of the capital owners, this determines
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the steady state interest rate; then, we guess the search cost of unemployed workers,
that determines the transition matrix for individual labor market states. Given these
two guesses we solve a system of equations that consists of the sharing rules for the
Nash bargaining problem, consumers’ first order conditions and Bellman equations,
and firms’ Bellman equations. The solution to the system contains the wage schedule
as a function of assets and human capital, decision rules for future assets and search
effort, and workers’ and firms’ value functions. Transition matrix for labor market
states and the decision rules for future assets allow us to construct the function Q (that
is a matrix in this case) and find an ergodic distribution F (that is a vector). Given F
and decision rules for the search effort we find Σ and compare it to 1 (normalization
in the steady state). If Σ > 1 we increase the search cost, and if Σ < 1 we decrease
the search cost. We iterate on the search cost until convergence with Σ = 1 up to
some tolerance. After we found the search cost, we compute other aggregate variables,
such as output, profits, aggregate taxes and transfers. We then find the aggregate level
of bonds from the government budget constraint and the bonds held by the capital
owners from bonds market clearing condition. Given, capital owners’ bonds and div-
idends we update the guess for disposable income of the capital owners. We iterate
until convergence.

To solve for the dynamics, following Reiter (2009), we create a function containing
all the conditions of the recursive equilibrium given all the variables (aggregate vari-
ables, histogram, and the approximations of the decision rules) at period t − 1 and t,
exogenous shocks, and the expectation errors that substitute expectations in the defi-
nition of the equilibrium. We linearize the system around the steady state numerically
using the first difference approach. Then we use the algorithm by Sims (2001) to solve
the linearized system for VAR formulation (also to get rid of the expectation errors).
VAR formulation allows us to find impulse responses to the shocks and simulate the
model.

3.3 Results

To study the effects of the social safety net it is important to look at the individual
level rather than aggregate level variables. Aggregate consumption is not informative
about the distribution of consumption, for example. The aggregates mask the hetero-
geneity of consumption and well-being across individual agents. The model studied
in the chapter allows us to do it, analyzing the effects of the safety net on the indi-
vidual consumption, well-being, and labor market outcomes. For example, if due to a
change in the safety net the aggregate consumption increases, it is not very informative
about the individual well-being. Aggregate consumption may increase together with
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the variance of the consumption across individuals. The aggregate consumption rises
because the consumption of the rich agents increases a lot while the consumption of
poor agents (who are also the targets of the safety net) drops. Such a change in the
safety net shouldn’t be made. In general, there are several channels through which
the safety net affects the individual well-being and many factors mater for the over-
all effect of the safety net. For example, how distribution of agents over assets reacts,
how the policy functions adjust, and how the transition probabilities change. All these
factors are also affected by the five channels discussed before.

With a stronger safety net all consumption policy functions shift up, however the
distribution over assets also shifts to the left. And due to the concavity of the policy
functions even the final change in the individual consumption is ambiguous. At the
same time the transition probabilities across individual states (and, hence, policy func-
tions) change. With stronger safety net, consumption of unemployed is higher, but the
duration of unemployment could be longer due to lower incentives to search for a job.
On top of this, the model also allows to look directly at the individual welfare through
the value functions. The value functions take into account not only current and future
expected consumption but also expected transitions across labor market states.

In this chapter we compare two steady states of the model with strong and weak
safety net. We look at wealth distributions, consumption policy functions, consump-
tion distributions, search intensity policy function, job finding rates, unemployment
duration, wages. We make a first step to disentangle the channels of the safety net:
redistribution, disposable income, insurance, search intensity, and wage bargaining;
and study which are the channels affected the most by each program. If for static dis-
tributions it is better to look at the individual level, with dynamics it would be too
complicated, so we still look also on the aggregate dynamics.

3.3.1 Calibration

We follow closely McKay and Reis (2016) in our calibration of the model except for the
labor market parameters, that is a new element of the model, and the safety net, that
we calibrate to follow closely the U.S. safety net programs. Calibrated parameters are
presented in Table 3.1.

3.3.2 Safety net

The functional forms of the safety net programs is discussed in section 2.7. Figure 3.1
plots social assistance and tax credit as functions of agent’s income. Social assistance
is available for every agent, provided that income is low enough so that the payment
is positive. Tax credit is available only to the employed agents. Social assistance starts
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Parameter Meaning Value Parameter Meaning Value

β Discount factor of CO 0.989 τu unemployment benefit 0.25

βh Discount factor of HH 0.979 τsa SA max 0.2

ς Disutility of work 0 βsa SA slope 0.2

a Borrowing constraint 0 τtc TC max 0.1

μ Mark up 1.2 αtc TC flat region 0.2

h CO skill 4 βtc TC slope 0.1

ν CO number 0.25 h productivity vector [0.8 1.5]

ξ Fixed cost of retailers 0 p probability to change skill 0.03

C LTU search cost (1 + C) 0.5 s STU duration 2

1 − ρ separation rare 0.05 φTaylor Taylor rule 1.55

η worker bargaining power 0.5 ρz autocor z 0.75

χ matching efficiency 0.6 σz st dev z 0.0034

α matching elasticity 0.72 ρmu autocor μ 0.85

φ LTU search efficiency 0.9 σmu st dev μ 0.025

θ price stickiness 0.286 ρε autocor ε 0.62

τmax marginal tax cap 0.4 σε st dev ε 0.0035

τmult tax level 0.2

τpower progressivity 0.5

τc consumption tax 0.02

Table 3.1: Calibration

Tesi di dottorato "Essays on causes and consequences of inequality"
di GORN ALEXEY
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2017
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



21

from a maximal value that guarantees to every agent a minimum level of consumption
and then slowly phases out with income. Tax credit has a different structure, it stays
on the maximum level for very low incomes before starting to phase out. Figure 3.1a
corresponds to a strong safety net with maximum social assistance equal to 0.3 and
maximum tax credit equal to 0.1 while 3.1b corresponds to a weak safety net with
maximum social assistance and tax credit being 0.1 and 0.05 respectively.

Figure 3.2 plots the social assistance as a function of assets for different types of
agents. There are eight types of agents: two skill levels - high and low skill; and four
labor market states - employed, short-term unemployed for one or two quarters, and
long-term unemployed. We can see from the figure that the social assistance is maxi-
mum for the long-term unemployed who has no labor income. Low-skilled short-term
unemployed also receive social assistance in both cases (with strong and weak safety
net), while high-skilled short-term unemployed and low-skilled employed agents re-
ceive the social assistance only in the case of strong safety net. Social assistance slowly
phases out with individual assets due to growing capital income.

Figure 3.3 plots tax credit as a function of assets and individual state. Tax credit
is available only to employed agents and in both cases only the low-skilled employed
agents receive the tax credit. Tax credit also slowly phases out with individual assets
due to growing capital income.

In Figure 3.4 we plot the unemployment insurance as a function of assets and indi-
vidual state. Unemployment insurance is available only to the short-term unemployed
and is higher for high-skilled workers. Unemployment insurance doesn’t depend on
the current non-labor income and asset level, and therefore is constant.

3.3.3 Wealth distribution

First, we study how different strength of the safety net affects the steady state distri-
butions of agents. Figure 3.5 plots conditional and absolute wealth distributions for
each employment state with strong safety net. We can see that the distribution is very
concentrated on the left with employed and short-term unemployed agents having al-
most indistinguishable distributions, and long-term unemployed being more concen-
trated around zero, so that more of long-term unemployed are borrowing constrained.
Figure 3.6 plots corresponding distribution for weak safety net. Figure 3.7 further
distinguishes between low- and high-skilled employed workers. For both safety net
programs it is only the high-skilled employed who save enough to stay far from the
borrowing constraint.

The difference between the safety net programs is striking, distributions under
weak safety net are much more spread across the asset levels. With weak safety net
the maximum asset holdings of a worker is around 5 while with strong safety net it
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Figure 3.1: Safety net programs as functions of income
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Figure 3.2: Social assistance
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Figure 3.3: Tax credit
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Figure 3.4: Unemployment insurance
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Figure 3.5: Wealth distribtion with strong safety net
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Figure 3.6: Wealth distribtion with weak safety net
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Figure 3.7: Wealth distribution of employed
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barely above 1. The reason for this difference is the effect of the safety net on pre-
cautionary savings. With strong safety net the agents are insured from huge drops in
consumptions due to a job loss. The minimum guaranteed consumption with a strong
safety net is 0.3, three times higher than with a weak safety net. This has a very large ef-
fect on precautionary savings. Agents, knowing that even if they will be very unlucky
to lose the job and stay unemployed for long enough to spend all their savings, their
consumption won’t drop close to zero, have no need to accumulate huge buffers of
savings, therefore consuming more in every state. It can be also seen from the savings
policy functions (Figure 3.8), policy function of high-skilled employed agents is much
higher in the case of weak safety net. The high-skilled employed agents are not directly
affected by any of the safety net programs because they do not qualify by income or
labor market state eligibility criteria. Despite this, they save more with a weaker safety
net. It happens almost purely because of the rising precautionary savings motives
(they are also affected by general equilibrium effects) that are very strong even though
the probability of transiting to low-skilled long-term unemployment is very low: they
have 3% chance to lose their skill, 5% chance to lose the job, and around 10% chance
to stay unemployed two quarters in a row, and all these events must happen almost
simultaneously.

3.3.4 Consumption

After studying the distribution over assets we can study how individual consumption
responds to changes in the safety net. Figure 3.9 plots the consumption policy function
depending on the individual assets for all eight individual states. Let us start by mak-
ing a couple of observation on the general form of the policy functions. First, the value
of consumption at zero corresponds to the labor income plus safety net payments for
all but high-skilled employed workers. Essentially, the agents at the zero assets are
hand-to-mouth, they consume all their income the same period. The only exception
are the high-skilled employed workers who have high enough income to save and
move away from zero. The hand-to-mouth nature of the consumption at zero assets
generates high variance of consumption. Second, the policy functions converge with
higher assets. It happens because when agents become richer and richer, their buffer
of savings is so high that they can self-insure against the idiosyncratic shocks. Given
these two observations, we can observe the differences in curvature of the policy func-
tions across individual states. The policy functions of long-term unemployed have the
steepest slope around zero while the policy function of high-skilled employed work-
ers is almost flat, the borrowing constraint is not binding for them. These differences
generate a high potential for redistribution channel: taking money from agents with
flat policy function and giving them to agents with a very steep policy function gen-
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Figure 3.8: Savings policy functions
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erates an increase in aggregate consumption. Another important consequence of this
shape of the policy functions is the importance of the distribution of agents over as-
sets. When policy functions are higher, consumption of each agent given assets level is
higher but if there are more agents with low assets at the same time, the overall effect
on aggregate consumption is ex ante ambiguous, the curvature effect may dampen or
even cancel out the effect of higher policy functions.

Keeping this in mind, we can now study the difference of policy functions between
strong and weak safety nets. First of all, the safety net has a direct effect on the hand-
to-mouth agents (at zero assets level). With stronger safety net consumption of agent of
each individual state is larger at zero (even for high-skilled employed workers who are
unaffected directly as discussed above) and the dispersion of the consumption at zero
is also lower. So, stronger safety net compresses the policy functions of consumption.
If we look at the policy functions away from zero, there are several channels at place.
There is still the direct effect of the safety net programs that expand the budget set, and
on top of it there is a reduction in the precautionary savings motive that also moves
the policy functions up. In general, these effects are difficult to disentangle, but the
policy function of high-skilled employed workers helps us to assess the magnitude of
the effect of precautionary savings. High-skilled employed workers are unaffected by
the transfers directly in both cases, but their policy function still shift up by more than
10% suggesting a strong effect of precautionary savings motive.

The shift of the policy functions per se is not informative about individual con-
sumption because, as we have seen in the previous section, the distribution is more
concentrated around zero with strong safety net. Because of concavity of the policy
functions, more compressed distribution reduces consumption of each agent (if we fix
the policy functions). To see the overall effect, we plot the distribution of individual
consumption in Figure 3.10. Comparing the two distributions, we can see that the
maximum consumption doesn’t change much for the two safety net levels. It means
that for the richest agents the curvature and the distribution effects cancel out. For the
poorer agents, however, the effects are very strong. Because the social assistance deter-
mines a minimum level of consumption, it is much higher with the strong safety net
than with weak: there are no agents with consumption below 0.3 in the case of strong
safety net while there is a positive mass of such agents in the case of weak safety net.
In general, the distribution of consumption is more compressed in the case of strong
safety net, and this compression happens on a higher level. For example, almost all
mass is to the right of 0.6 in the case of strong safety net, while there is a large mass
below 0.6 in case of weak safety net. Given these observations we can conclude that
positive effects of a stronger safety net dominate for most of the agents, especially for
the poor for whom the safety net is targeted.
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Figure 3.9: Consumption policy functions
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Figure 3.10: Consumption distribution
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3.3.5 Search intensity, job finding rates, and unemployment duration

Safety net also has important effects on the search intensity of unemployed workers.
Intuitively, with stronger safety net, unemployed have less incentives to look for a job.
Figure 3.11 illustrates this fact. The policy functions for search intensity are higher for
all unemployed workers under weak safety net. Unemployment insurance and social
assistance both have a strong negative effect on search intensity, shifting the policy
functions down for all agents. Higher tax credit has a positive effect on the search
intensity, but only for low-skilled workers, it results in a lower drop of search intensity
for low-skilled unemployed, this effect is rather small however. Again, there is also an
effect of the distribution of agents over assets. With strong safety net the distribution
is compressed around zero, so search intensity increases due to convexity of the policy
function. Because we calibrate the model to fix the unemployment rate across two
steady states, these effects cancel out and aggregate search intensity is the same in both
steady states. To do it, we recalibrate the search cost. In order to keep the aggregate
search intensity constant the search cost must be higher with weak safety net7. This
will also affect the welfare of unemployed agents.

Naturally, these changes in the search intensity translate almost one to one to the
job finding rates and the duration of unemployment, plotted on Figure 3.12 and Figure
3.13, respectively. An important observation from these figures is that expected unem-
ployment duration is higher in case of strong safety net. Thus, even if they enjoy higher
consumption while being unemployed, they stay unemployed longer on average and
it has a negative effect on expected life-time consumption.

3.3.6 Wages

One of important channels affecting the distribution of consumption is the outcome
of the wage bargaining. Figure 3.14 plots the wages of low- and high-skilled workers
under strong and weak safety nets. We can see that the wage of high-skilled workers is
higher with strong safety net, while the wage of low-skilled workers is lower. The main
reason for this heterogeneous effect is the tax credit that affects only the low-skilled em-
ployed agents. Despite the fact that unemployment insurance and the social assistance
push the outside option of the workers up increasing the wages, tax credit increases
the value of employment for a given wage putting negative pressure on wages. We can
see that the effect of tax credit is stronger than the effect of unemployment insurance
and social assistance.

7The drawback of this strategy is the fact that we ignore the effect of safety net on the level of unem-
ployment in the steady state. With weak safety net the unemployment would be lower if we kept the
search cost constant, affecting also the distribution of consumption.

Tesi di dottorato "Essays on causes and consequences of inequality"
di GORN ALEXEY
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2017
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche).
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



35

Figure 3.11: Search intensity

(a) Strong safety net
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Figure 3.12: Job finding rates
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Figure 3.13: Expected unemployment duration
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Another important observation is the shape of the wage functions. The wage func-
tion is essentially flat with respect to assets. This result differs from the results of
Krusell, Mukoyama, and Şahin (2010) who find that the wage function is very steep
around zero borrowing constraint and then flattens out fast. An important difference
between their and our settings is that they do not have variable search intensity by
workers. As we have seen above, search intensity is decreasing with asset holdings
and the policy function is convex. Constrained unemployed put the most effort in
searching for a job. Because this effort is costly, they must be compensated by a higher
wage. This effect makes the wage function flat also for poor workers.

3.3.7 Welfare

Finally, we can study how all the changes in consumption, savings, search intensity,
and transition probabilities affect the welfare of the agents. Figure 3.14 plots the value
functions of the agents in each individual state for strong and weak safety net. We
can see that the welfare is much higher in the case of strong safety net. The shift of
the distribution towards zero with strong safety net still has negative effect on welfare
(the value functions are increasing with assets) but it is much weaker than the level
effect. Overall, the figures show that the individual welfare is undoubtedly higher
with strong safety net.

There are several channels that affect the welfare. First, distribution of consumption
shifts to the right, increasing welfare. Second, the search intensity decreases reducing
the search costs and increasing welfare, but at the same time increasing duration of
unemployment decreasing welfare. Positive effects prevail and welfare of all agents
increase with stronger safety net.

3.3.8 Aggregate implications

Apart from the steady state implications of the safety net, this model also allows us to
study the aggregate dynamics. Figure 3.16 plots the impulse responses of aggregate
production, consumption, inflation, and skill-adjusted labor input after a positive pro-
ductivity shock. The response of the economy is very similar in the case of strong and
weak safety net, however, as discussed above it is not very informative about the indi-
vidual responses. In general, the individual and aggregate dynamics of the model are
affected by the same five channels. Some of the channels stabilize the fluctuations of
the economy, like redistribution of precautionary savings channel, while some amplify
the fluctuations, like search intensity and wage bargaining. Because it is difficult to
disentangle these effects in the full model, in Chapter 3 of this thesis we study a sim-
plified version of the model that allows us to find an analytical solution and close the
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Figure 3.14: Wages
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Figure 3.15: Value functions
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channels. So that we are able to compare the importance of every channel and get in-
sights for the dynamics of the full model. The study of the importance of the channels
in the full model is left for further research.

3.3.9 Main channels

There are five main channels through which the safety net affects the individual well-
being and the aggregate economy. Redistribution effect has positive impact on poor
agents and negative effect on rich agents, with aggregate consumption rising due to
differences in marginal propensity to consume that can be seen via the change in the
curvature of the consumption policy function. Precautionary savings has also a posi-
tive effect on individual consumption. Consumption policy function rises for all work-
ers, even the high-skilled employed workers who are not affected directly by the safety
net. It also has a negative effect that dampens the positive effects through the shift in
the distribution of agents over assets towards zero. Disposable income has positive
effect as well via compression of the policy functions around zero assets. Even the
variance of consumption of hand-to-mouth agents decreases. Search incentive channel
dampens the positive effects of first three channels decreasing the incentives of search-
ing for a job. It lowers the search intensity of all agents, decreasing the job finding
rate and increasing the expected duration of unemployment. Finally, wage bargaining
channel has heterogeneous effects on high- and low-skilled workers. The wage of high-
skilled workers rises because of improving value of unemployment, while the wage of
low-skilled workers decreases due to higher tax credit that increases non-wage work
benefits. Proper isolation of individual channels is the main goal of further research.

3.4 Conclusion

In this chapter we analyze the effect of the safety net on individual well-being of agents
in a framework with incomplete markets, nominal frictions, and labor market frictions.
We show that stronger safety net increases consumption of all agents given assets level,
even the rich high-skilled workers who are not affected directly by the safety net. At
the same time the distribution of agents over assets shifts towards zero. Overall, con-
sumption distribution shifts to the right and is more concentrated around higher con-
sumption. Minimum consumption rises together with the social assistance. On the
labor market side, stronger safety net decreases the search intensity of all workers,
lowering job finding rates and increasing expected duration of unemployment. Wages
of high-skilled workers rise due to higher unemployment insurance and social assis-
tance, while wages of low-skilled workers decrease due to higher tax credit. Overall,
the welfare of all agents rises with stronger safety net.
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Figure 3.16: Impulse responses to aggregate productivity shock
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3.6 Appendix

3.6.1 Average value of a filled job

The average value of a filled job next period for a firm posting a vacancy today condi-
tional on meeting a worker is

J̄ (Ω) =
∫

a−1,h−1
∑
h

π (h−1, h)

[
∑
k
(σsk (a−1, h−1; Ω−1) /Σ−1)J (ψsk (a−1, h−1; Ω−1) , h; Ω) f sk (a−1, h−1; Ω−1)

+ φ
(

σl (a−1, h−1; Ω−1) /Σ−1

)
J
(

ψl (a−1, h−1; Ω−1) , h; Ω
)

f l (a−1, h−1; Ω−1)

]
da−1dh−1

where the probability to meet a worker with a given skill and asset level depends on
the relative search intensity of this worker chosen last period.

3.6.2 Market clearing for goods, bonds and dividends

Let r ∈ {e; s1; s2; ...; sk; l
}

index labor force states. Market clearing conditions for goods:

Y = C + G + κV + χ,

with

C =
∫

a,h

(
∑

r
cr (a, h; Ω) f r (a, h; Ω)

)
dadh + νc,

sY = z
∫

a,h
h f e (a, h; Ω) dadh + νzh

and

s =
∫ 1

0

(
pj/p

)−ε dj

Market clearing conditions for bonds:

B′ =
∫

a,h

(
∑

r
ψr (a, h; Ω) f r (a, h; Ω)

)
dadh + νa′;

Market clearing conditions for dividends:

νd =
∫ 1

0
djdj +

∫
a,h

(qzh − ω (a, h; Ω) h) f e (a, h; Ω) dadh;

3.6.3 Law of motion for the distribution of workers

We now define the law of motion for the aggregate distribution of workers. Let A,
H and R be the sets of possible assets, skills levels and labor force states. Let A, H
and R be typical subsets. Let F (A,H,R; Ω) be the distribution function of workers
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over assets, skills and labor force states, given the aggregate state Ω. Let the transi-
tion function Q ((a, h, r) , (A,H,R) ; Ω′|Ω) be probability that a worker with current
assets, skill level and labor force state (a, h, r) today transits to the set (A,H,R) next
period when the aggregate state transits from Ω to Ω′. Then, the law of motion of the
aggregate distribution is:

F (A,H,R; Ω′) = ∫
(a,h,r)∈(A,H,R)

Q
(
(a, h, r) , (A,H,R) ; Ω′|Ω) dF (a, h, r; Ω)

where Q ((a, h, r) , (A,H,R) ; Ω′|Ω) satisfies

Q
(
(a, h, r) , (A,H,R) ; Ω′|Ω) = ∑

h′∈H
∑

r′∈R

⎧⎨
⎩π (h′|h) � (r′|r; Ω) if ψr (a, h; Ω) (p′/p) ∈ A

0 otherwise

where π (h′|h) denotes the exogenous transition matrix for skills and � (r′|r; Ω) the
endogenous transition matrix for labor force states, given by:

e s1 s2 . . . sk̄ l
e 1 − ρ ρ 0 . . . 0 0
s1 σs1 (a, h; Ω) ρ′s 0 1 − σs1 (a, h; Ω) ρ′s . . . 0 0
s2 σs2 (a, h; Ω) ρ′s 0 0 . . . 0 0

. . .
...

...
... . . . ...

...
sk̄ σsk̄ (a, h; Ω) ρ′s 0 0 . . . 0 1 − σsk̄ (a, h; Ω) ρ′s
l σl (a, h; Ω) ρ′l 0 0 . . . 0 1 − σl (a, h; Ω) ρ′l

Finally, let f (a, h, r; Ω) be the density function, then the measures of workers over
different labor force states are defined as follows

f r (a, h; Ω) ≡ f (a, h, r; Ω)

with r ∈ {e; s1; s2; ...; sk; l
}

.
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4. Safety net and the business cycle,

with Antonella Trigari
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Abstract

This chapter studies the effects of safety net on the dynamics of the economy. Two
important channels are considered - aggregate demand, and search incentives chan-
nel. Safety net reduces the volatility of the economy through the aggregate demand
channel due to stabilization of individual consumption, while increases the volatility
through the search incentives channel due to higher volatility of hiring and search in-
tensity. We use a simplified version of the model introduced in Chapter 2 without
assets distribution as a state. We illustrate the importance of the trade-off between
these two channels in the design of optimal safety net.
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4.1 Introduction

As it was argued in Chapter 2, the safety net not only has important implications for
well-being of individuals but also for the dynamics of the aggregate economy. The
safety net affects the dynamics through the same five channels: redistribution, dispos-
able income, insurance, search intensity, and wage bargaining. The first three chan-
nels, that we call aggregate demand channels, stabilize the economy with stronger
safety net. The latter two channels, that we call labor market channels, increase the
volatility of the economy with stronger safety net. Aggregate demand channels sta-
bilize the economy because with stronger safety net volatility of individual consump-
tion decreases, it decreases the volatility of aggregate demand, and, through nominal
rigidities, stabilizes the economy. Labor market channel works the opposite way. Un-
der stronger safety net unemployed agents search for a job less intensively during a
crises, wages are also pushed upwards and firms reduce hiring by more. It translates
into higher volatility of the economy.

In this chapter we analyze analytically tractable version of the model developed
in Chapter 2. We follow the approach of Midrigan and Philippon (2015) to get rid of
the distribution in the state space of the model and reach analytical tractability. We
assume that all agents pull the assets in the end of every period. In the beginning of
the period the household decides on the amount of cash to give to each member up
to a borrowing constraint. Then the members of the households receive idiosyncratic
shocks of employment status. On top of the cash, the employed workers receive the
wage, unemployed receive the unemployment insurance, and so on. This allows us
to keep all the channels and the safety net programs while analyzing the model ana-
lytically. Analytical solution allows to close the aggregate demand and labor market
channels separately to see their relative contribution. We can still perform similar ex-
periments in the full model, but the simplified model provides more intuition, hence it
is a good starting point.

This model allows for explicit modeling of different programs of the safety net
while avoiding computational difficulties of endogenous asset distributions. The fact
that there are several types of workers every period (employed, unemployed, long-
term unemployed) allows to study the effects of the safety net programs through the
channels also present in the full model - insurance, search incentives, bargaining, ag-
gregate demand. We lose some of the effects because the individual states are not per-
sistent (i.i.d. across periods), but qualitatively they should be the same. Because the
shocks are not persistent and the workers pull assets in the end of the period, we don’t
need to keep track of the asset distribution that simplifies the solution of the model.

The model allows us to conduct counterfactual experiments and answer quantita-
tively a number of important questions. For example: What components of the safety
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net are most effective at stabilizing and minimizing unemployment and poverty rates?
What programs can prevent a rising incidence of long-term unemployment or of ex-
treme poverty during recessions? What is the optimal combination of in-work and
out-of work transfer programs, and does the optimal mix change over the business cy-
cle? Can a strong safety net prevent the emergence of jobless recoveries? Alternatively,
do unemployment insurance and other safety net programs exacerbate fluctuations in
labor markets? In this chapter we answer the last question.

To measure the effects of the safety net over the business cycle is essential to con-
sider the full variety of theoretical mechanisms by which the safety net works, as well
as to account for general equilibrium effects. The reason is that alternative channels
and general equilibrium effects may have either offsetting or reinforcing effects. Con-
sider as an example the case of unemployment insurance. A generous unemploy-
ment insurance system stabilizes business cycles through consumption/savings re-
lated channels, while it amplifies business cycles through labor market channels. On
one hand, unemployment insurance weakens the precautionary savings motive for
employed workers, supports aggregate demand and stimulates job creation. On the
other, unemployment insurance raises unemployed workers’ outside option in bar-
gaining, puts upward pressure on wages and this way discourages job creation. A
similar trade-off is generated by the components of SNAP and TANF that belong to
the opportunity cost of employment, while EITC has opposite effects on wages. More-
over, the different components of the safety net often target the same group of people
(low-income and/ or low-asset individuals) possibly changing individual incentives
and welfare in offsetting ways.

Here we start by analyzing the effects of the unemployment insurance on the dy-
namics of the economy. We confirm our intuition that the volatility of the economy has
U-shape depending on the level of the unemployment insurance. When unemploy-
ment insurance is too low the aggregate demand channel dominates and volatility is
high. And when unemployment insurance is too high the labor market channel dom-
inates and the volatility is high. Medium unemployment insurance is stabilizing the
economy. We illustrate it by closing the two channels separately. Then we show how
one can extend the model to allow for the role of other safety net programs.

There is a growing stream of literature that studies how the safety net, unemploy-
ment insurance in particular, affects the dynamics of the economy. For now aggregate
demand and labor market channels were studied separately. On the aggregate demand
side, McKay and Reis (2016, a) show that safety net stabilizes the economy. They study
a model with heterogeneous agents and nominal rigidities and ad hoc formulation of
labor market risk. In a related paper, McKay and Reis (2016, b) study the optimal
level of unemployment insurance. They add labor market frictions in the model but
use a simplified assumption of zero borrowing limit and zero net supply of assets to
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reach analytical tractability of the model. Their main result is that the optimal generos-
ity of unemployment insurance increases by 13% after accounting for the stabilization
through the aggregate demand channel. In a very similar framework, Kekre (2016)
demonstrates analytically the importance of the trade-off between aggregate demand
and individual search incentives. Then he also shows in a calibrated model that un-
employment benefit extensions prevented an additional increase of unemployment by
2-5% during the Great Recession. On the other side, Mitman and Rabinovich (2015)
show that accounting to the labor market channels in a search model optimal unem-
ployment insurance must be pro-cyclical. However, they don’t have the aggregate
demand channel in their framework. Up to our knowledge, we are first to study the
unemployment insurance taking into account both, aggregate demand and labor mar-
ket channels.

4.2 The model

Time is discrete. There is a family that consists of a measure one of workers. Each
worker can be employed or unemployed. The family has assets and can borrow up
to a borrowing limit. The family allocates a portion of the assets to each worker in
the beginning of the period in the form of cash. After the cash is allocated, the lottery
among workers determines which worker is employed and receives the wage, and
which worker is unemployed and receives the unemployment insurance. Firms are of
three types: final goods, retailers and wholesale firms.

4.2.1 Timing

The intra-period timing is the following: realization of the aggregate shock; vacancy
posting by firms, search intensity decision, borrowing and cash by the family, matching
and separation shocks; consumption and savings by individual workers, production
and wage bargaining.

4.2.2 Household/Family

There is a household with a continuum of members of measure 1. The household de-
cides on the individual consumption and cash on hand of each member, aggregate
borrowing and saving, and search intensity of unemployed workers. The household
needs to allocate cash to its members in order to consume. In order to provide cash to
the agents, the household can use the net assets from the previous period, and borrow
today up to a borrowing constraint. On top of cash, employed workers receive the
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wage, and unemployed workers receive unemployment insurance from the govern-
ment. Savings for next period are determined after the individual consumption takes
place as a sum of all cash that wasn’t spent by the agents. Who is employed and un-
employed is decided every period by a lottery that every member of the household
participates in.

The household maximizes the following utility function

E0

∞

∑
t=0

βt
[∫ 1

0
log (ci,t) di − ς (σt) (1 − nt−1)

]

choosing individual consumption of each member, ci,t, search intensity of unemployed,
σt, cash, xt, borrowing, bt+1, assets, at+1, and employment, nt. The household faces six
constraints: 1) budget constraint; 2) borrowing constraint; 3) liquidity constraint for
employed workers; 4) liquidity constraint for unemployed workers; 5) law of motion
for employment; 6) aggregate asset equation. The budget constraint

xt = (1 + it)
at

pt
− (1 + it)

bt

pt
+

bt+1

pt
+ dt λB

t

equalizes the cash that is paid to the family members to the total available resources of
the family - net assets from last period, borrowing this period, and dividends (maybe
more logical to put to the assets, for the timing). Borrowing is up to a borrowing
constraint with a real value of the borrowing limit b:

bt+1 ≤ ptb λBC
t

Employed workers can consume their cash and the wage net of taxes:

ci,t ≤ xt + (1 − τt)wt for employed λCN
t

while unemployed workers consume out of cash and the unemployment insurance:

ci,t ≤ xt + τu for unemployed λCU
t

Employment evolves according to the following law of motion:

nt = ρnt−1 + ρs,tσt (1 − nt−1) λN
t

where ρ is the exogenous survival rate of employment relationships, and ρs,t is the
endogenous job finding rate per unit of search. This is the baseline case, but we also
consider a case with σ chosen one period in advance (version 2) in order to be closer
to the full model. The reason why we need pre-selected search intensity in the full
model is to avoid having two value functions for the workers - one for the moment of
choice of search intensity (in the beginning of the period) and one for the moment of
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bargaining and consumption/savings decision (in the middle of the period when labor
market and skill states are realized). When search intensity is pre-selected, both choices
take place at the same time and one value function is enough. In the baseline simple
model it is not so harmful (in terms of notation) to have separate choice of search in-
tensity and consumption/savings. Implicitely we will have two value functions for
the household - one for the moment of choice of search intensity, and one for optimal
consumption/savings that will also be used in bargaining. For the firms, however,
because in both cases they have instantaneous hiring, there are two value functions -
at the moment they post vacancies, and at the moment they bargain. Finally, aggre-
gate assets for the next period are determined by the “left-overs” after consumption of
individual members of the family:

at+1

pt
= xt + (1 − τt)wtnt + τu (1 − nt) + dt −

∫ 1

0
ci,tdi λA

t

4.2.3 Final good firms, retailers and price setting

A competitive sector for final goods combines differentiated varieties of intermediate
goods according to the production function

Yt =

(∫ 1

0
yt (j)

ε−1
ε dj
) ε

ε−1

where yj is the input of intermediate good j and ε is the elasticity of substitution
across varieties. Final goods firms purchase intermediate good j at price pj and take as
given the final goods price p. From cost minimization, it follows that the demand for
variety j is given by

yt (j) =
(

pt (j)
pt

)−ε

Yt, (4.1)

and the price index p is given by

pt =

(∫ 1

0
(pt (j))1−ε dj

) 1
1−ε

. (4.2)

A measure one of monopolistic competitive retailers buy a wholesale good from
wholesale firms, differentiate it into varieties yj with a technology that transforms one
unit of wholesale good into one unit of intermediate good and sell it to the final goods
producers. Retailers set prices infrequently as in Calvo (1983) with probability of re-
vision θ. At each revision date, a retailer producing variety j chooses an optimal price
p∗t (j) to maximize expected future profits, subject to the demand for its own variety.
As retailers are owned by the whole household, it uses its discount factor Λt,t+1. Let qt
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be the relative price of the wholesale good and χ a fixed cost of production. The price
setting problem of retailer j at each revision date t can be written as

max
p∗t (j)

Πt (p∗t (j)) (4.3)

with
Πt (pt (j)) = dt (pt (j)) + (1 − θ)Λt,t+1Πt+1 (pt+1 (j))

and

dt (pt (j)) =
(

pt (j)
pt

− qt

)
yt (j)− χ

and subject to the demand equation (4.1).

4.2.4 Wholesale goods firms and wage bargaining

Wholesale goods firms post vacancies to maximize expected profits:

E0

∞

∑
t=0

Λ0,tdW
t = E0

∞

∑
t=0

Λ0,t (qtztnt − wtnt − κvt)

subject to the hiring equation:

nt = ρnt−1 + ρ f ,tvt.

Each period the firm pays the dividends to the household:

dW
t = qtztnt − wtnt − κvt.

Bargaining

The firm and the household bargain over the surplus of having one additional
worker after the matches are already formed. So we need to define the value func-
tions in the middle of the period to be used in the bargaining problem.

The value of the firm after hiring is the following:

F (wt, nt) = qtztnt − wtnt + Et {Λt,t+1 (F (wt+1, nt+1)− κvt+1)}

Marginal value of an additional worker:

∂F (wt, nt)

∂nt
= qtzt − wt + Et

{
Λt,t+1

(
∂F (wt+1, nt+1)

∂nt+1

∂nt+1

∂nt
− κ

∂vt+1

∂nt

)}

The value for the household after search:

W (wt, nt) =
∫ 1

0
log (ci,t) di + βEt {W (wt+1, nt+1)− ς (σt+1) (1 − nt)}
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Marginal value of an additional worker:

∂W (wt, nt)

∂nt
= log (cn

t )− log (cu
t )+ βEt

{
∂W (wt+1, nt+1)

∂nt+1

∂nt+1

∂nt
− ς′ (σt+1) (1 − nt)

∂σt+1

∂nt
+ ς (σt+1)

}

And the bargaining problem is standard:

wt = arg max
(

∂W (wt, nt)

∂nt

)η (∂F (wt, nt)

∂nt

)1−η

Every period, wage is the solution of this bargaining problem.

4.2.5 Labor market matching

Posted vacancies and unemployed workers are matched every period through a stan-
dard matching technology:

mt = χ (σt (1 − nt−1))
α v1−α

t

Consequently, probability to fill a vacancy, ρ f ,t, and find a job, ρs,t:

ρ f ,t = χ

(
vt

σt (1 − nt−1)

)−α

ρs,t = χ

(
vt

σt (1 − nt−1)

)1−α

The law of motion for employment:

nt = ρnt−1 + mt

4.2.6 Government and tax and transfer system

The government provides unemployment insurance τu and collects the taxes τt to sat-
isfy the government budget constraint:

τu (1 − nt) = τtwtnt

The government also sets the nominal interest rule through a standard Taylor rule:

it+1 = i + φ log
(

pt

pt−1

)
+ εt
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Figure 4.1: Impulse responses to a productivity shock
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4.3 Results

In this section we analyze the dynamics of the model studying how the economy and,
in particular, output responds to a positive productivity shock depending on the level
of unemployment insurance. We start with looking at the aggregate dynamics of the
model, then we analyze how the dynamic response of output is affected by the unem-
ployment insurance. After that we study how it changes if we close labor market or
aggregate demand channels.

4.3.1 Aggregate dynamics

Figure 4.1 plots the impulse responses of output, consumption, inflation, and employ-
ment to a positive productivity shock. The impulse responses of output, consumption,
and inflation are standard: output and consumption increase, while inflation falls on
impact. The impulse response of employment, however, is different from standard
models, employment falls slightly on impact but then rises. It might signal that the ag-
gregate demand channel dominates in this model, generating an increase in consump-
tion and employment. Higher consumption results in higher output and employment
that then decreases precautionary savings motive increasing consumption more and
leading to even higher employment. This effect is absent in the standard models where
employment falls following a positive productivity shock.
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Figure 4.2: Reaction of output to a productivity shock for different UI
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4.3.2 The effect of the UI on the aggregate dynamics

Figure 4.2 plots the reaction of output to a positive productivity shock given differ-
ent levels of unemployment insurance. We can observe the u-shape of the reaction:
when unemployment insurance is very low, the output reaction is very strong, it starts
falling with higher unemployment insurance until some point after which it starts ris-
ing again. This shape can be explained by the changing dominance of aggregate de-
mand and labor market channels. When unemployment insurance is too low, individ-
ual consumption is very volatile and the agents have high incentives for precautionary
savings. Following a positive productivity shock the risk of unemployment decreases
and so does the precautionary savings motive leading to stronger reaction of consump-
tion and output. When the unemployment insurance is high, instead, the labor market
channels dominate. A positive productivity shock leads to stronger reaction of hiring
by firms that leads to higher employment and output. This shape of the reaction of
output demonstrates the importance of the trade-off between these two channels in
design of optimal unemployment insurance and safety net in general. Next we try to
isolate the two channels one by one in order to verify our intuition.

4.3.3 Isolating the channels

To confirm our intuition about relative importance of each channel in generating the u-
shape of output reaction we close in turn the labor market and the aggregate demand
channel. To close the labor market channel, first we substitute the wage equation from
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Figure 4.3: Reaction of output to a productivity shock for different UI, wage equation
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wage bargaining with a simple wage equation where wage reacts only to the produc-
tivity shock directly. This wage equation is similar to the one used in other studies of
the aggregate demand channel. We try to change the reaction of the wage to productiv-
ity from fixing the nominal wage to a strong reaction of the wage to productivity and
study the reaction of output depending on the unemployment insurance. Then, on top
of using the ad hoc wage equation we also fix the search intensity of unemployed to
the steady state level. Like this we close the incentives channel of the safety net, that
is another part of the labor market channels. Finally, to close the aggregate demand
channel we relax the assumption of unemployed workers being liquidity constrained,
essentially moving to the representative agents framework. It allows us to close the
aggregate demand channel because without liquidity constraints individual consump-
tion does not depend on the individual state and therefore is unaffected by the safety
net.

No wage bargaining

Figure 4.3 plots the reaction of output to a productivity shock with an ad hoc wage
equation instead of the wage bargaining solution. We can see from the figure that the u-
shape almost disappears and the reaction of output is decreasing with unemployment
insurance almost for all level of unemployment insurance. It proves our intuition that
wage bargaining is an important factor in generating high output volatility with very
high unemployment insurance.
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Figure 4.4: Reaction of output to a productivity shock for different UI, fixed nominal
wage
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Figure 4.4 plots similar reaction of output with a fixed nominal wage. When wage
does not react to productivity the volatility of output decreases with unemployment
insurance, again, confirming our intuition.

Finally, Figure 4.5 plots the reaction of output to a productivity shock for different
levels of unemployment insurance for an ad hoc wage equation with stronger reac-
tion to productivity. We can see that the u-shape of the reaction returns with higher
volatility of wages. This illustrates that under wage bargaining wages react more to
the productivity shocks generating a stronger reaction of the labor market to the same
productivity shock.

No search intensity

Now on top of having an ad hoc wage equation we also isolate the incentives channel
of unemployment insurance. Figure 4.6 plots the reaction of output to a productivity
shock for different levels of unemployment insurance with search intensity of the un-
employed being fixed on the steady state level. We can see from the figure that the
reaction of output is decreasing with unemployment insurance. Moreover, the general
magnitude of the reaction without the reaction of search intensity is much lower. This
is not surprising because, in general, reaction of search intensity amplifies the labor
market fluctuations amplifying the reaction of the output.
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Figure 4.5: Reaction of output to a productivity shock for different UI, wage equation
with higher sensitivity
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Figure 4.6: Reaction of output to a productivity shock for different UI, wage equation,
fixed search intensity
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Figure 4.7: Reaction of output to a productivity shock for different UI, representative
agents, wage equation
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No liquidity constraints

Finally, we isolate the aggregate demand channel by removing the liquidity constraints.
Without the liquidity constraints the household can fully insure its members from
the idiosyncratic risk of being unemployed providing the same consumption to ev-
ery member of the household. This stabilizes individual consumption and changes
the reaction of the aggregate demand. This model converges to a representative agent
model. Without liquidity constraints, if unemployment risk increases it has no effect
on individual consumption and therefore there is no need of precautionary savings.
Figure 4.7 plots the reaction of output as a function of unemployment insurance in
this case. We can see that the reaction of output increases with higher unemployment
insurance. The increasing reaction of output is the result of labor market channels,
with higher unemployment insurance volatility of labor market increases increasing
the volatility of output, even for very small unemployment insurance. This confirms
our intuition about relative contribution of the channels to the shape of the output re-
action in Figure 4.2. Aggregate demand channels are more important for low levels
of unemployment insurance while labor market channels dominate when unemploy-
ment insurance is high.
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4.4 Other safety net programs

This section discusses an extension of the model that allows to incorporate the other
safety net programs discussed in Chapter 2. We need only to change the household
side of the model and the government budget constraint.

4.4.1 Household

Different from the section 4.2, every period there are four types of workers - employed
with high skill, employed with low skill, short term unemployed, and long term unem-
ployed. There are transfers to different types of the workers after the cash is received.
Low-skilled workers receive EITC; short-term unemployed workers still receive un-
employment insurance, and long-term unemployed receive social assistance. Let νE

be the share of high-skilled workers, and νU be the share of short-term unemployed in
employment and unemployment, respectively.

Utility, budget constraint, and the borrowing constraint of the household are still as
before:

E0

∞

∑
t=0

βt
[∫ 1

0
log (ci,t) di − ς (σt) (1 − nt−1)

]

xt = (1 + it)
at

pt
− (1 + it)

bt

pt
+

bt+1

pt
λB

t

bt+1 ≤ ptb λBC
t

Liquidity constraint of high-skilled employed workers is also unchanged:

ci,t ≤ xt + (1 − τt)wH
t for employed λCNH

t

Now there is also a liquidity constraint of low-skilled employed workers who receive
a wage that is lower than the wage of high-skilled workers and therefore are entitled
to receive tax credit:

ci,t ≤ xt + (1 − τt)wL
t + τtc for unemployed λCNL

t

Liquidity constraint of short-term unemployed, as before, is:

ci,t ≤ xt + τu for unemployed λCSU
t

Finally, liquidity constraint of long-term unemployed differs from the short-term un-
employed because they receive the social assistance instead of the unemployment in-
surance:
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ci,t ≤ xt + τsa for unemployed λCLU
t

Employment law of motion stays as before:

nt = ρnt−1 + ρs,tσt (1 − nt−1) λN
t

And the assets accumulation equation now incorporates all four types of the agents:

at+1
pt

= xt + (1 − τt)wH
t νEnt +

(
(1 − τt)wL

t + τtc
) (

1 − νE) nt

+τuνU (1 − nt) + τsa
(
1 − νU) (1 − nt) + dt +

∫ 1
0 dt (j) dj/pt −

∫ 1
0 ci,tdi λA

t

4.4.2 Government

The government provides the unemployment insurance, τu, to the short term unem-
ployed, the social assistance, τsa, to the long term unemployed, the tax credit, τtc, to
the low-skilled employed, and collects the taxes τt to satisfy the government budget
constraint:

τuνU (1 − nt) + τsa

(
1 − νU

)
(1 − nt) + τtc

(
1 − νE

)
nt = τt

(
νEwH

t +
(

1 − νE
)

wL
t

)
nt

4.4.3 Discussion

With four types of agents there are several possibilities of different agents being liq-
uidity constrained. As before, we can assume that the high-skilled employed workers
are not constrained and therefore they determine the interest rate. We can say with
certainty that long-term unemployed and, most likely, short-term unemployed are liq-
uidity constrained. Depending on the wages, low-skilled employed may be liquidity
constrained or not. These assumptions imply that changes in social assistance and
unemployment insurance will translate one-to-one to the increase in aggregate con-
sumption, while tax credit may or may not translate into increase in consumption de-
pending on whether the low-skilled employed workers are constrained or not. This
adds a layer of uncertainty into the dynamics of the model and the effects of the safety
net. Different types of workers may change their status over the business cycle increas-
ing or decreasing the importance of the safety net. Analysis of these switches is left for
future work.
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4.5 Conclusion

In this chapter we showed that the reaction of output to a productivity shock as a
function of unemployment insurance has a u-shape after one takes into account both,
aggregate demand and labor market channels. When unemployment insurance is low,
aggregate demand channels dominate and the reaction of output decreases with higher
unemployment insurance. When unemployment insurance is high, instead, the labor
market channels dominate and the reaction of output increases with higher unem-
ployment insurance. It is important to take into account this trade-off in the design of
optimal unemployment insurance.

We also show how the model can be extended to incorporate other safety net pro-
grams. A detailed study of the effects of other safety net programs on different chan-
nels is left for future research.
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4.7 Appendix

4.7.1 Derivations

Family

FOCs for the second version:
w.r.t. xt:

λB
t − λA

t +
∫ nt

0
λCN

i,t di +
∫ 1

nt
λCU

i,t di = 0

w.r.t. ci,t:

βt 1
ci,t

− λCN
i,t + λA

t = 0 for employed

with
λCN

i,t (xt + (1 − τt)wt − ci,t) = 0

βt 1
ci,t

− λCU
i,t + λA

t = 0 for unemployed

with
λCU

i,t (xt + τu − ci,t) = 0

w.r.t. bt+1:

− 1
pt

λB
t − λBC

t + Et

{
(1 + it+1)

pt+1
λB

t+1

}
= 0

with
λBC

t

(
ptb − bt+1

)
= 0

w.r.t. at+1:
1
pt

λA
t − Et

{
(1 + it+1)

pt+1
λB

t+1

}
= 0

w.r.t. σt:
−βtς′ (σt) (1 − nt−1)− ρs,t (1 − nt−1) λN

t = 0

w.r.t. nt+1:

βt log (cn
t )− βt log (cu

t ) + λN
t −

−Et
{
(ρ − ρs,t+1σt+1) λN

t+1 − βt+1ς (σt+1)
}− ((1 − τt)wt − τu − cn

t + cu
t ) λA

t = 0

Model with other safety net programs:
FOCs for the second version:
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w.r.t. xt:
λB

t − λA
t + ntν

EλCHN
t + nt

(
1 − νE) λCLN

t +

+ (1 − nt) νUλCSU
t + (1 − nt)

(
1 − νU) λCLU

t = 0

w.r.t. ci,t:

βt 1
ci,t

− λCHN
i,t + λA

t = 0 for high-skilled employed

with
λCHN

i,t

(
xt + (1 − τt)wH

t − ci,t

)
= 0

βt 1
ci,t

− λCLN
i,t + λA

t = 0 for low-skilled employed

with
λCLN

i,t

(
xt + (1 − τt)wL

t + τtc − ci,t

)
= 0

βt 1
ci,t

− λCSU
i,t + λA

t = 0 for short-term unemployed

with
λCSU

i,t (xt + τu − ci,t) = 0

βt 1
ci,t

− λCLU
i,t + λA

t = 0 for long-term unemployed

with
λCLU

i,t (xt + τsa − ci,t) = 0

w.r.t. bt+1:

− 1
pt

λB
t − λBC

t + Et
(1 + it+1)

pt+1
λB

t+1 = 0

with
λBC

t

(
ptb − bt+1

)
= 0

w.r.t. at+1:
1
pt

λA
t − Et

(1 + it+1)

pt+1
λB

t+1 = 0

w.r.t. σt:
−βtς′ (σt) (1 − nt−1)− ρs,t (1 − nt−1) λN

t = 0

w.r.t. nt:
∫ 1

0
log (ci,t) di =

∫ νEnt

0
log (ci,t) di +

∫ nt

νEnt
log (ci,t) di +

∫ nt+(1−nt)ν
U

nt
log (ci,t) di +

∫ 1

nt+(1−nt)νU
log (ci,t) di

βt (νE log
(
cHN

t
)
+
(
1 − νE) log

(
cLN

t
))− βt (νU log

(
cSU

t
)
+
(
1 − νU) log

(
cLU

t
))

+

+λN
t − ((1 − τt)wH

t νE +
(
(1 − τt)wL

t + τtc
) (

1 − νE)− τuνU − τsa
(
1 − νU)) λA

t +

+
(
νEcHN

t +
(
1 − νE) cLN

t − νUcSU
t − (1 − νU) cLU

t
)

λA
t − Et

{
(ρ − ρs,t+1σt+1) λN

t+1 − βt+1ς (σt+1)
}
= 0
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Retailers

dt (j) =
(

pt (j)
pt

)1−ε

Yt − qt

(
pt (j)

pt

)−ε

Yt

FOC:

(1 − ε)

(
pt (j)

pt

)−ε

Yt + εqt

(
pt (j)

pt

)−ε−1

Yt = 0

Solve for prices:
pt (j)

pt
=

ε

ε − 1
qt

Total dividends:

dt = dW
t +

∫ 1

0
d (j) dj

Price ratio:
p∗t
pt

=
pA

t
pB

t

pA:
pA

t =
ε

(ε − 1)
qtYt + E

{
Λt,t+1 (1 − θ) (πt+1)

ε pA
t+1

}
pB

pB
t = Yt + E

{
Λt,t+1 (1 − θ) (πt+1)

ε−1 pB
t+1

}
Inflation:

πt =

⎛
⎜⎝ 1 − θ

1 − θ
(

p∗t+1
pt+1

)1−ε

⎞
⎟⎠

1
1−ε

Production:
stYt = ztnt

Production loss:

st = (1 − θ) st−1π−ε
t + θ

(
p∗t
pt

)−ε

Total dividends: ∫ 1

0
d (j) dj = Yt − qtztnt

Wholesale

FOCs:
Λ0,t (qtzt − wt)− λF

t + Et

{
ρλF

t+1

}
= 0

−Λ0,tκ + ρ f ,tλ
F
t = 0

optimal job creation:

qtzt − wt + Et

{
Λt,t+1ρ

κ

ρ f ,t+1

}
=

κ

ρ f ,t
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Equations

For households:
βt 1

cn
t
+ λA

t = 0

βt 1
cu

t
− λCU

t + λA
t = 0

λB
t − λA

t + (1 − nt) λCU
t = 0

λA
t = Et

(1 + it+1) pt

pt+1
λB

t+1

− 1
pt

λB
t − λBC

t + Et
(1 + it+1)

pt+1
λB

t+1 = 0

−βtς′ (σt) (1 − nt−1)− ρs,t (1 − nt−1) λN
t = 0

βt log (cn
t )− βt log (cu

t ) + λN
t −

−Et
{
(ρ − ρs,t+1σt+1) λN

t+1 − βt+1ς (σt+1)
}− ((1 − τt)wt − τu − cn

t + cu
t ) λA

t = 0

xt = (1 + it)
at

pt
− (1 + it)

bt

pt
+

bt+1

pt

xt + τu − cu
t = 0

nt = ρnt−1 + ρs,tσt (1 − nt−1)

at+1

pt
= xt + (1 − τt)wtnt + τu (1 − nt) + dt − (ntcn

t + (1 − nt) cu
t )

bt

pt−1
=

bt+1

pt
=

at

pt−1
=

at+1

pt
= b

Get rid of the multipliers:

λA
t = −βt 1

cn
t

λCU
t = βt 1

cu
t
+ λA

t = βt
(

1
cu

t
− 1

cn
t

)

λB
t = λA

t − (1 − nt) λCU
i,t = βt

(
− 1

cn
t
− (1 − nt)

(
1
cu

t
− 1

cn
t

))
= −βt

(
nt

1
cn

t
+ (1 − nt)

1
cu

t

)

λN
t = −βtς′ (σt)

ρs,t

Optimal labor:

log (cn
t )− log (cu

t )− ς′(σt)
ρs,t

+

+Et

{
(ρ − ρs,t+1σt+1)

βς′(σt+1)
ρs,t+1

+ βς (σt+1)
}
+ ((1 − τt)wt − τu − cn

t + cu
t )

1
cn

t
= 0
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Euler:
1
cn

t
= Et

(1 + it+1)

πt+1
β

(
nt+1

1
cn

t+1
+ (1 − nt+1)

1
cu

t+1

)

Note: In this case the interest rate is lower than in the case of representative agent,
so that the household doesn’t want to save more in order to insure for the future. Be-
cause there is no more bond supply, the household needs to optimally choose to save
exactly up to borrowing limit.

xt = (1 + it)
at

pt
− (1 + it)

bt

pt
+

bt+1

pt+1
πt+1

xt + τu − cu
t = 0

nt = ρnt−1 + ρs,tσtut−1
at+1

pt+1
πt+1 = xt + (1 − τt)wtnt + τu (1 − nt) + dt − (ntcn

t + (1 − nt) cu
t )

bt

pt
=

bt+1

pt+1
=

at

pt
=

at+1

pt+1
= b

Firms:

qtzt − wt + Et

{
Λt,t+1ρ

κ

ρ f ,t+1

}
=

κ

ρ f ,t

dt = qtztnt − wtnt − κvt

pt (j)
pt

=
ε

ε − 1
qt

p∗t
pt

=
pA

t
pB

t

pA
t =

ε

(ε − 1)
qtYt + E

{
Λt,t+1 (1 − θ) (πt+1)

ε pA
t+1

}

pB
t = Yt + E

{
Λt,t+1 (1 − θ) (πt+1)

ε−1 pB
t+1

}

πt =

⎛
⎜⎝ 1 − θ

1 − θ
(

p∗t
pt

)1−ε

⎞
⎟⎠

1
1−ε

stYt = ztnt

st = (1 − θ) st−1π−ε
t + θ

(
p∗t
pt

)−ε
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∫ 1

0
d (j) dj = Yt − qtztnt

Government:
τuut = τwtnt

Balances:
ztnt = ntcn

t + (1 − nt) cu
t + κvt

ρs,t = χ

(
vt

σt (1 − nt−1)

)1−α

ρ f ,t = χ

(
vt

σt (1 − nt−1)

)−α

Steady state

1
cn = (1 + i) β

(
n

1
cn + (1 − n)

1
cu

)

log (cn)− log (cu)− ς′(σ)
ρs

+

+ (ρ − ρsσ)
βς′(σ)

ρs
+ βς (σ) + ((1 − τ)w − τu − cn + cu) 1

cn = 0

x = (1 + i)
a
p
− (1 + i)

b
p
+

b
p

x + τu − cu = 0

n = ρn + ρsσ (1 − n) or n =
ρsσ

1 + ρsσ − ρ

a
p
= x + (1 − τ)wn + τu (1 − n) + d − (ncn + (1 − n) cu)

b
p
=

a
p
= b

dW = qzn − wn − κv

d = (1 − q) zn + dW

1 =
ε

ε − 1
q

qz − w + βρ
κ

ρ f
=

κ

ρ f

τu (1 − n) = τwn
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zn = ncn + (1 − n) cu + κv

ρs = χ

(
v

σ (1 − n)

)1−α

ρ f = χ

(
v

σ (1 − n)

)−α

4.7.2 Wage bargaining solution

Marginal value of an additional worker:

∂F (wt, nt)

∂nt
= qtzt − wt + Et

{
Λt,t+1

(
∂F (wt+1, nt+1)

∂nt+1

∂nt+1

∂nt
− κ

∂vt+1

∂nt

)}

because hiring is optimal tomorrow

∂F (wt, nt)

∂nt
= qtzt − wt + Et

{
Λt,t+1

(
∂F (wt+1, nt+1)

∂nt+1
ρ

)}
Marginal value of an additional worker:

∂W (wt, nt)

∂nt
= log (cn

t )− log (cu
t ) + βEt

{
∂W (wt+1, nt+1)

∂nt+1

∂nt+1

∂nt
− ς′ (σt+1) (1 − nt)

∂σt+1

∂nt
+ ς (σt+1)

}

because search is optimal tomorrow

∂W (wt, nt)

∂nt
= log (cn

t )− log (cu
t ) + βEt

{
∂W (wt+1, nt+1)

∂nt+1
(ρ − ρs,tσt) + ς (σt+1)

}

And the bargaining problem is:

wt = arg max
(

∂W (wt, nt)

∂nt

)η (∂F (wt, nt)

∂nt

)1−η

Sharing rule:

η
1
cn

t

∂F (wt, nt)

∂nt
= (1 − η)

∂W (wt, nt)

∂nt

Use firm’s FOC

Et

{
Λt,t+1

(
∂F (wt+1, nt+1)

∂nt+1

)}
=

κ

ρ f ,t

Use Sharing rule tomorrow:

(1 − η) βEt

{
∂W (wt+1, nt+1)

∂nt+1

}
= ηEt

{
1

cn
t+1

Λt,t+1

(
∂F (wt+1, nt+1)

∂nt+1

)}
= η

κ

ρ f ,t

1
cn

t

Now substitute
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η 1
cn

t

(
qtzt − wt + Et

{
Λt,t+1

(
∂F(wt+1,nt+1)

∂nt+1
ρ
)})

=

= (1 − η)
(

log (cn
t )− log (cu

t ) + βEt

{
∂W(wt+1,nt+1)

∂nt+1
(ρ − ρs,tσt) + ς (σt+1)

})

η
1
cn

t

(
qtzt − wt + ρ

κ

ρ f ,t

)
= (1 − η)

(
log (cn

t )− log (cu
t ) + (ρ − ρs,tσt)

κ

ρ f ,t

1
cn

t

η

1 − η
+ βEt {ς (σt+1)}

)

Solve for the wage:(
qtzt + ρ

κ

ρ f ,t

)
− (1 − η)

η 1
cn

t

(
log (cn

t )− log (cu
t ) + (ρ − ρs,tσt)

κ

ρ f ,t

1
cn

t

η

1 − η
+ βEt {ς (σt+1)}

)
= wt

wt = qtzt + ρs,tσt
κ

ρ f ,t
− (1 − η)

η 1
cn

t

(log (cn
t )− log (cu

t ) + βEt {ς (σt+1)})
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