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Abstract

This paper builds a model of endogenous TFP with search and matching frictions in
the labor market with two features: production units are subject to idiosynchratic shocks
and workers suffer skill loss during unemployment. I show that aggregating firms’ micro-
production decision leads to an aggregate production that is Cobb-Douglas in labor and
capital. The endogenous TFP depends on two equilibrium characteristics of the labor market:
the productivity of matches formed and active, and the aggregate skill distribution. In
particular, the job destruction decision and the job finding rate are sufficient statistics that
uniquely determine TFP. The labor market affects TFP through two channels. First, an
increase in the reservation productivity raises the average match productivity and TFP.
Second, the job finding rate and the job destruction decision shape the skill distribution, as
it determines how long workers remain unemployed and the amount of skill loss. The paper
then studies the effect of labor market policies on TFP. In contrast with previous studies, the
effect of unemployment insurance on TFP depends on the relative size of the two channels.
More generous unemployment insurance programs improve TFP only if the effect on the

average productivity is larger than the compositional effect through to the skill channel.
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1. Introduction

Most of the large variation in income per capita across countries is accounted for by differences in
TFP.! Even among OECD countries, a sample of relatively similar countries, TFP differences are
surprisingly large and persistent. Therefore, a fundamental question in Economics is why some
countries are so much more productive than others. With search frictions in the labor market,
the individual decision by firms over which matches to form or keep active affects aggregate
productivity. If firms form more productive matches, the average productivity of firms increases.
At the aggregate level, this rise in firms’ reservation productivity—the lowest productivity of an
active job—Ileads to a higher TFP. In addition, there is abundant empirical evidence documenting
that workers suffer large productivity losses during unemployment. When workers spend longer
periods of time in unemployment, the economy suffers more human capital decay, which lowers
the economy’s TFP. Given that labor market characteristics determine what matches are formed
or active, and how long workers remain unemployed, this paper investigates the effect of search
frictions and skill loss during unemployment on TFP. Since labor market policy play an important
role in shaping labor market outcomes, the paper further asks: what is the effect of labor market
policies on TFP?

During the period 1960-1995, European countries (especially continental Europe) experienced
a sharp increase in unemployment, whereas US unemployment remained relatively constant. In
terms of productivity, TFP in Europe increased relative to the US. This was a period of time
characterized by high unemployment insurance (UI) benefits in European countries. Therefore,
theories that emphasize the role of labor market frictions and average firm productivity have been
successful in accounting for these pre-1995 facts, see for example Lagos (2006) or Marimon and
Zilibotti (1999). Intuitively, more generous UI benefits raise the outside option of workers and
wage costs for firms—effectively, they act a search subsidies that allow workers to search for better
matches. Overall, firms and workers find it optimal to raise their reservation productivity and
form more productive matches, which raises the average productivity of active firms and as a
result aggregate TFP. In terms of unemployment, a higher reservation productivity for acceptable
matches leads to more job destruction and makes it harder for matches to form. Therefore, more

generous benefits raise both TFP and unemployment. However, during the period 1995-2019, TFP

1See for example Caselli (2005), Hall and Jones (1999), Klenow and Rodriguez-Clare (1997) and Parente and
Prescott (1994).



declined in Europe relative to the US. Contrary to the 1960-1995 period, this decline in relative
TFP was not followed by a decline in unemployment in Europe relative to the US, even though
UI benefits remained high in Europe. Therefore, an additional mechanism is required to account
for these facts.

This paper develops a model of TFP a la Lagos (2006) in which workers lose skills during
periods of unemployment. Search frictions in the labor market follow Mortensen and Pissarides
(1994), where match-specific productivities are subject to idiosynchratic shocks and separations
are endogenous. In addition, workers lose skills during unemployment. I show that aggregating
the micro-level decision of firms leads to an aggregate production function that is Cobb-Douglas
in capital and labor. TFP is derived in closed-form and is determined by the productivity of
formed /active matches and the aggregate skills distribution. Further, the reservation productivity
and the job finding rate are sufficient statistics and uniquely determine TFP, a property that
makes the environment extremely tractable.

There are two channels through which the labor market affects TFP. The first channel, which
I denote the average productivity channel, has been highlighted previously in the literature (Lagos
(2006), Marimon and Zilibotti (1999)) and operates through the job destruction decision. As firms
increase their reservation productivity, better matches are formed, which raises the average pro-
ductivity of active matches and TFP. The second novel channel, which I denote the skill channel,
operates through the compositional effect on the skill distribution. Changes in the reservation
productivity and/or the job finding rate affect the skill distribution, given that they determine
how long workers spend in unemployment and the amount of skill loss. If workers spend more
time in unemployment, either because of a high reservation productivity or a low job finding rate,
more productivity losses occur because of skill decay, which leads to lower TFP levels. In re-
sponse to changes in Ul benefits, these two channels work in opposite directions. Increases in Ul
benefits lead to both a higher reservation productivity and lower job finding rates. The increase
in the reservation productivity raises TFP by improving the quality of the average active match.
However, the higher reservation productivity combined with lower job finding rates lowers TFP,
as they both lead to more skill decay. Therefore, contrary to theories that emphasize the average
productivity channel (Lagos (2006), Marimon and Zilibotti (1999)), the effect on TFP is ambigu-
ous. If the effect of Ul benefits is quantitatively small on the skill distribution, but relatively large
on the average productivity/job destruction decision, UI benefits raise TFP. By contrast, if the



effect on the skill distribution is relatively large, raising UI benefits may lower TFP, contrary to
previous studies, see Lagos (2006), Marimon and Zilibotti (1999).

Skill loss during unemployment introduces an additional channel that can rationalize the joint
behavior of unemployment and TFP in the US relative to continental European countries such
as France, Germany or Italy, as well as the observed negative correlation between trend unem-
ployment and TFP, see for example Doppelt (2019). Theories that emphasize the job-destruction
decision/average productivity channel predict that TFP and unemployment must move in the
same direction in response to changes in Ul benefits. Furthermore, for example in Lagos (2006),
two countries with the same reservation productivity exhibit the same TFP levels, regardless of
the job finding rate and how long workers stay in unemployment—i.e. the labor market tightness.
With skill loss, the job finding rate (which depends on market tightness) matters for TFP because
it affects unemployment duration and the skill distribution. Holding the reservation productiv-
ity constant, a country in which workers experience longer unemployment durations suffers more
productivity losses due to skill decay, so at the aggregate its TFP will be lower. This additional
skill channel leads to either negative or positive correlation between unemployment and TFP in
response to changes in UI benefits, depending on the relative size of the two channels at work.
Therefore, this paper provides a mechanism that can explain the joint behavior of unemployment,
TFP and UI benefits for the entire period 1960-2019.

The property that the reservation productivity and the job finding rate are sufficient statistics
and uniquely determine TFP makes the environment very tractable to study how the labor market
and policy affect TFP. One need only derive the effect of the policy on the equilibrium reservation
productivity and the job finding rate—i.e. labor market tightness—to evaluate the effect on TFP.
In addition to Ul benefits, this paper also studies the effect of an employment subsidy, a hiring
subsidy and a firing tax on TFP. Hiring subsidies and firing taxes have unambiguous effects on TFP.
A hiring subsidy stimulates job creation by firms and raises market tightness and the job finding
rate. The higher job finding rate improves the outside option of workers, so in response workers
increase their reservation productivity and accept better matches. Overall, a hiring subsidy raises
both the reservation productivity and the job finding rate, both of which lead to higher TFP. Firing
taxes work in the opposite direction and lower TFP, as they lower both the reservation productivity
and the job finding rate. By contrast, and similar to Ul benefits, employment subsidies have an

ambiguous effect on TFP once one takes into account skill decay. Employment subsidies lead to a



lower reservation productivity, which on the one hand lowers TFP due to the average productivity
channel (the quality of the average match drops). On the other hand, employment subsidies
lead to a higher job finding rate, as they give incentives for firms to create more jobs. The lower
reservation productivity and higher job finding rate combined improve the skill distribution, which
raises TFP. As with UI benefits, the overall effect on TFP depends on the relative size of each
channel.

Related literature. Following Lagos (2006), this paper develops a model of endogenous TFP
in the presence of search frictions in the labor market a la Mortensen and Pissarides (1994) and
studies the effect of policies on TFP. To a lesser extent, this paper is also related to Marimon and
Zilibotti (1999), who study productivity and its relation with Ul in the presence of search frictions
in the labor market. Both papers emphasize that UI benefits raise the average productivity of
formed matches by raising the reservation productivity, a channel that explains the observed
rise in unemployment and productivity in OECD countries relative to the US prior to 1996.
Compared to these papers, I add human capital and loss of skill during unemployment. This
introduces an additional mechanism (the skill channel) through which the job finding rate and the
reservation productivity affect TFP. If changes in these two labor market equilibrium values raises
unemployment duration, the economy suffers more productivity losses at the aggregate level due
to skill decay, which leads to a lower TFP. The skill channel also affects the relationship between
policy on TFP. In contrast to Lagos (2006) and Marimon and Zilibotti (1999), increases in Ul
benefits may lead to a lower TFP and raise unemployment if the skill channel is strong enough,
consistent with the post-1996 facts.?

A number of papers incorporate skill loss during unemployment into models of the labor
market a Diamond-Mortensen-Pissarides (DMP). Two important references in this literature are
Ljungqvist and Sargent (1998) and Pissarides (1992). Pissarides (1992) shows that unemployment
is more persistent when unemployed workers suffer skill decay during unemployment. Ljungqvist
and Sargent (1998) provide a rationale for the high unemployment in Europe relative to the US
due to the generous Ul benefits in Europe. Their paper focuses on workers’ labor supply and,
unlike this paper, does not feature the decision of firms on how many vacancies to post. More

importantly, there is no market tightness and the job finding rate depends on the reservation wage

2This paper is also related to Petrosky-Nadeau (2013), who studies TFP in the presence of credit and labor
market frictions to explain the rise of TFP during the great recession, and to Ortego-Marti (2017¢), who studies
TFP differences across countries.



alone. By contrast, this paper shows that the skill and average productivity channels are important
to explain the relationship between the labor market and TFP.> Doppelt (2019) focuses on the
relationship between growth and unemployment and makes a contribution to the classical debate
on the long-run relationship between growth and unemployment (see Mortensen and Pissarides
(1998) and Aghion and Howitt (1994)). However, Doppelt (2019) results rely on a block-recursive
equilibria concept to make the environment tractable. Given this block-recursive equilibrium,
vacancies do not depend on the distribution of human capital, whereas this paper shows that this
is an essential channel through which the labor market and policy affect TFP. In addition, there
is no match-specific productivity, which is the driver of the average productivity channel in Lagos
(2006) and in this paper, and what allows for an aggregate Cobb-Douglas production function.
This paper is also motivated by the empirical findings from to the job displacement literature.
This literature finds substantial and persistent wage losses due to unemployment. In particular,
the quantitative work in this paper draws from the evidence in Ortego-Marti (2017c), Ortego-
Marti (2017a) and Ortego-Marti (2017b).> To a lesser extent this paper is also related to the
development accounting literature, which tries to account for the observed large TFP differences
across countries, see Caselli (2005), Bils and Klenow (2000), Hall and Jones (1999), Klenow and
Rodriguez-Clare (1997), Lagakos (2016) and Restuccia, Yang and Zhu (2008), and the references
therein. However, none of these papers look at a frictional labor market or skill loss due to

unemployment.

3In addition, their paper does not feature capital or an aggregate production function.

4In addition, Pavoni (2011) and Pavoni and Violante (2007) study unemployment insurance, and Ortego-Marti
(2016) and Ortego-Marti (2017a) study the effect of skill loss on wage dispersion and unemployment fluctuations.
However, none of these papers study TFP.

®See Fallick (1996) and Kletzer (1998) for a review of the early findings from this large literature, and Schmieder,
von Wachter and Bender (2016) for more recent results. Some notable papers in this big literature include: Couch
and Placzek (2010), Davis and von Wachter (2011), Jacobson, LaLonde and Sullivan (1993), Jarosch (2015),
Schmieder et al. (2016) and von Wachter, Song and Manchester (2009), which use administrative data; Ortego-
Marti (2016), Ruhm (1991) and Stevens (1997), which use the Panel Study of Income Dynamics (PSID); Addison
and Portugal (1989), Carrington (1993), Farber (1997), Neal (1995) and Topel (1990) which use the Displaced
Worker Survey (DWS) supplement of the Current Population Survey (CPS). In addition, Edin and Gustavsson
(2008) find that one full year of non-employment is associated with a loss of the equivalent of 0.7 years of schooling
using Swedish data on test scores assessing respondents’ quantitative and analytical skills—even though respondents
are mostly low skill workers. Other evidence of skill loss include Mincer and Polachek (1974) and Mincer and Ofek
(1982), who study the effects of motherhood on women’s earnings. For evidence of skill decay during employment
breaks, see Beblo, Bender and Wolf (2008) and Gangl and Ziefle (2009) and the references therein. Further evidence
on skill loss due to breaks in production are found in the provision of health services—David and Brachet (2011),
Hockenberry, Lien and Chou (2008) and Hockenberry and Helmchen (2014)—, and in jobs involving routine tasks
such as data entry—Globerson, Levin and Shtub (1989)—, mechanical assembly—Bailey (1989)—and car radio
production—Shafer, Nembhard and Uzumeri (2001). This literature also finds that worker productivity depreciation
increases with the duration of the break between tasks.



2. The labor market

This section describes the labor market, which builds on Mortensen and Pissarides (1994) and
Pissarides (2000). Similar to Lagos (2006), aggregation leads to a Cobb-Douglas aggregate pro-
duction function and an endogenous measure of TFP. Labor market outcomes affect TFP because
when better matches are created, the overall productivity in the economy increases, as in the
model of TFP in Lagos (2006). However, with loss of skills TFP also depends on how fast workers
find jobs (which depends on the labor market tightness and on the number of posted vacancies), as
this determines the share of workers with depreciated skills in the economy and the overall human
capital. In particular, this section shows that while increases in the reservation productivity—the
lowest productivity of a created job—raise TFP, drops in market tightness and the job finding
rate lower TFP, as more skills depreciate when workers take longer to find a job. The tension
between the effect of changes in the reservation productivity and the job finding rate provides a
rationale for the reversal of TFP in continental European countries relative to the US and the
negative relationship between changes in TFP and changes in the unemployment rate.

Time is continuous. There are two types of risk-neutral agents in the economy, workers and
firms. They are infinitely lived and discount the future with the interest rate r > 0. Workers
search for jobs and firms for applicants. The measure of workers is normalized to 1. In order
to attract applicants, firms must post a vacancy. Firms are free to enter the vacancy market.
This free entry decision determines the endogenous measure of firms. Following Pissarides (2000),
the number of matches is determined by a matching function m(u,v), where u is the number of
unemployed workers and v the number of posted vacancies. Assume m(u,v) satisfies the usual
properties. In particular, it displays constant returns to scale, and is increasing and concave in both
of its arguments. Matching is random, so workers find jobs at the Poisson rate f(0) = m(u,v)/u,
and firms meet candidates at a rate ¢(f) = m(u,v)/v, where § = v/u captures labor market
tightness. Workers find jobs more quickly as market tightness 6 increases and vacancies become
more abundant. By contrast, when market tightness increases, the rate at which vacancies are
filled ¢(f) decreases, as firms must compete to attract workers. In other words, f’(f) > 0 and
¢'(0) < 0. In addition, the properties of the matching function imply that f(0) = 6q(0).

Firms have access to a production technology f(z,n,k), where n is the number of hours, k

is capital and x is the idiosyncratic match-specific productivity. In particular, following Lagos



(2006) and in the spirit of Houthakker (1955), the production function takes the form

f(z,n, k) = zmin{n, k}. (1)

Intuitively, k& captures the scale of production, where all projects are assumed to require the
same scale of operation k. This Leontieff production function, together with aggregation and the
distribution of idiosyncratic productivity gives a Cobb-Douglas production in the aggregate, as
section 4 shows. In addition, assume that firms must rent £ both when they are producing and
posting a vacancy, i.e. capital must be installed before search begins. Similar to Lagos (2006), I
abstract from capital accumulation and assume an exogenous rental rate c.%

Similar to Mortensen and Pissarides (1994), the idiosyncratic productivity = is a draw from a
known distribution G(.). Once a match is formed, the idiosyncratic productivity receives a shock
at a Poisson rate A, at which point the new idiosyncratic productivity is drawn from the same
distribution G(.). This Poisson process leads to some endogenous job destructions. In addition,
separations also occur at an exogenous Poisson rate s.

Workers suffer some loss of skills or human capital during unemployment. To keep the envi-
ronment and aggregation tractable, loss of skills takes the simplest form. There are two human
capital levels, high (H) and low (L). Workers are initially born with a high human capital (H). At
a Poisson rate o, unemployed workers’ skills depreciate and they become low skilled (L). Workers
with a high human capital produce f(x,n,k) when they are employed, while workers who have
suffered a loss of skills produce a lower level 0 f(x,n,k), with 0 < § < 1. This is a simplified
version of the skill process in Ljungqvist and Sargent (1998), and is sufficient to capture the effect
of skill loss on TFP while making the environment tractable. The terminology of high (H) and
low (L) skills simplifies the exposition, but these skills should not be confused with skills related
to workers’ educational level or experience. In other words, human capital in the model is net
of other observables such as education, occupation or experience.” In addition, human capital
losses due to unemployment are permanent. This assumption is well supported by the data, which

shows that wage losses due to unemployment are very persistent and do not wash away over time.

6The focus of this paper is on developed countries, not on why TFP is so much lower in developing countries. As
Parente and Prescott (1994) show, savings rates do not vary systematically across OECD countries. For papers that
study TFP differences between developed and developing countries see the literature review in the introduction.

"See Caselli (2005) and the references therein for studies that focus on TFP differences due to the quality
of human capital and other determinants of human capital, such as years of schooling. These sources of TFP
differences are important, but not the focus of the paper.



Ljungqvist and Sargent (1998), Ortego-Marti (2016), Pavoni and Violante (2007), Pavoni (2011)
and Pissarides (1992) make a similar assumption, among others. Section 7 reviews some of the
findings from the empirical literature on skill loss during unemployment.

An important determinant of TFP is the endogenous distribution of workers by skills and
aggregate human capital. Let uy and uy denote the number of high and low skill unemployed
workers, and let u denote total unemployment, i.e. u = ug + uy. Define A, as the fraction of
unemployed workers with high skill H, i.e. A, = uy/u. Similarly, ey and e; denote the number
of employed workers of human capital H and L, and e denotes total employment. The fraction of
employed workers with high human capital is given by A, = ey /e. In order to ensure a stationary
and non-degenerate distribution of workers by skill, assume that workers die or leave the labor
force at a Poisson rate p. Workers who leave the labor force are replaced by unemployed workers
with high skills H.

High skill unemployed workers H receive income flow b, whereas low skill unemployed workers
L receive bd. This value of non-market time includes unemployment insurance, home production
and leisure. The assumption that non-market time is scaled by ¢ for low skilled workers, just as
productivity, is common in the literature. This would be the outcome if unemployment insurance
is proportional to wages, home production is higher for more skilled workers, and leisure is more
valuable for high skilled workers.® Workers of type i € {H, L} earn wages w;(x) when they are
employed.

Let Uy and Uy denote the value functions of unemployed workers with high and low skills.

The Bellman equations for the unemployed are given by

(r+ 1) Un = b+ £(0) / max{ Wy (2) — Uy, 0}dG(2) + o(Uy, — Up), @)

(r+p)Up =00+ f(0) /maX{WL(z) — Uy, 0}dG(2). (3)

Intuitively, the Bellman equations satisfy that the return on the asset value must equal the flow
payoffs and the expected changes in the asset value, using the effective discount rate r+pu. Equation
(2) captures that high skill workers receive b while unemployed. They find a job opportunity at a
rate f(0), which carries an expected net gain [ max{Wy(z) — Uy,0}dG(z). This expected gain

8If non-market time is constant and equal to b for both types of workers, the distribution of unemployment
shifts towards more low skilled workers, as their reservation productivity increases and their job finding rate drops.
This alternative assumption would make the effect of skills depreciation on TFP stronger.



takes into account workers” optimal choice of whether to accept the job or not. In addition, while
workers remain unemployed they lose some of their human capital and become a low skill worker
at a rate 0. The same intuition applies for the Bellman equation for Uy, except that low skilled
workers receive a lower non-market value b9 and do not suffer further human capital depreciation.

Let W;(z) denote the value function of a worker with skill level ¢ € {H, L} employed in a job

with match-specific productivity z. These value functions satisfy the Bellman equations
(r + p)Wi(x) = wi(z) + )\/max{Wi(z) —U;,0}dG(z) — (A + 5)(Wi(z) — Uy). (4)

Equation (4) captures that employed workers earn a wage w;(x), which depends on their human
capital and match-specific productivity. At a rate A\, workers receive a shock to their match-
specific productivity and a new match-specific productivity is drawn from G(.). Given the new
match-specific productivity, workers decide whether to stay on the job or become unemployed and
search for a new job. In addition, the match is destroyed at an exogenous rate s.

Let J;(x) denote the value function of a job filled with a worker with human capital i € {H, L}

and match-specific productivity . These value functions satisfies the Bellman equation
(4 W) = mla) 4 1 [ max{ () = V.0JdG(2) = -+ 8)(hfa) = V) 5

where 7;(x) denotes firms’ profits, for « € {H, L}, which I discuss in more detail below. A filled
position yields profits to the firm m;(z). A shock to the match-specific productivity arrives at a
rate A and a new productivity is drawn from G(.). Upon arrival of the A shock, the firm chooses
whether to keep the match or destroy it. In addition, the match is exogenously destroyed at a
rate s.

The structure of firms’ costs and profits is similar to Lagos (2006). When the firm employs
a worker with high human capital, profits are given by my(x) = f(z,n, k) — wy(x) — ck — ¢n —
C(x,¢)k. There are three costs that affect firms’ profits: the rental cost of capital ck, a variable
cost ¢n and a fixed cost C'(z, ¢)k. The cost ¢n captures variable costs that are proportional to the
number of work hours, such as for example electricity costs. The cost C(z, ¢)k is fixed in the sense
that it can only be avoided if k = 0, i.e. if the firm shuts down. In addition, C(z, ¢) is assumed
to be decreasing in x. The assumption of variable and fixed costs ¢n and C(z, ¢) allows for an

equilibrium with labor hoarding depending on parameter values, i.e. an equilibrium where the firm

10



keeps some low productivity matches but shuts down production (n = 0) until the match-specific
productivity improves. Although labor hoarding affects capital utilization and the aggregate
production function, the assumption of variable and fixed costs is not essential for the mechanism in
the model and how skills depreciation affects TFP. Further, assume that C'(x, ¢) = max{¢ —x,0}.
This is a particularly convenient formulation that simplifies the derivation, but as Lagos (2006)
shows, all that is needed for the results is that C'(x, ¢) is decreasing in x.

When the employed worker has low human capital, profits are given by 7 (x) = § f(z,n, k) —
wr(z) — cdk — ¢pén — §C(x, ¢)k. Alternatively, one could assume that costs are the same as when
a high human capital worker is employed. This alternative specification complicates the algebra,
but is not essential. In this alternative scenario, profits are even lower for firms employing a worker
with low human capital. This raises the reservation productivity for low human capital workers.
As a result, more endogenous separations occur for low human capital workers and their share in
unemployment increases. A higher share of low human capital workers lowers the average human
capital and TFP. In sum, this alternative specification for costs gives a larger role for depreciation
of skills to TFP.

Using V to denote the value function of a posted vacancy, the Bellman equation is given by
rV = —ck + q(0) [Au/max{JH(z) —V,0}dG(2) + (1 — A,) /max{JL(z) —V,0}dG(2)|. (6)

The firm must pay the capital rental rate ck while the vacancy is posted. At a rate ¢(#) the firm
meets a candidate from the unemployment pool. A fraction A, of unemployed workers have a
high human capital, while a fraction 1 — A, have a lower human capital due to depreciated skills.
Once a firm meets a worker, it decides whether to produce or to continue searching depending on

the match-specific productivity drawn from G(.).

3. Equilibrium in the labor market

This section characterizes the equilibrium in the labor market, which is determined by two types
of equilibrium conditions. First, a job creation condition captures firms’ vacancy posting decision.
Second, two job destruction conditions—one for each human capital level—capture firms’ decision
on which matches to keep or form. Overall, these conditions fully describe the equilibrium labor
market tightness and the reservation productivity for high and low human capital workers, where

the reservation productivity corresponds to the lowest match-specific productivity that firms and
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workers are willing to form or keep. Compared to the Mortensen and Pissarides (1994) model, the
endogenous distribution of workers by human capital plays an important role in the equilibrium
conditions, and will lead to novel results for aggregation and TFP compared to Lagos (2006).
Aggregation and TFP, which are derived in section 4, further depend on the distribution of match
qualities.

The optimal choice of hours n = n(x) depends on the realization of the idiosyncratic produc-
tivity and whether it can cover the variable cost ¢. If x is greater than ¢, profits are strictly
increasing in hours n up until n = k, and are strictly decreasing thereafter. By contrast, if x is
lower than ¢, profits are strictly decreasing in hours. As a result, the optimal choice of hours n(x)

that maximizes profits is

k, if ¢ <z,
n(z) = (7)
0, if p > .

However, note that the decision to keep or destroy the match is different than the choice of hours,
which depends on the reservation productivity. Substituting optimal hours from (7) into the

expression for profits gives

() = (x — c = §)k — w'(z). (8)
(z) = (x — c — ¢)0k — w¥(x). (9)

There is free entry of firms in the vacancy market, which drives the value of a vacancy V' to
zero in equilibrium. Let S%(x) denote the surplus from a match with match-specific productivity
x and employing a worker with human capital i € {H, L}, i.e. S(z) = J(z) + Wi(z) — U’ - V.

Using the Bellman equations and free entry gives
(r+pu+r+5)S%x)=(x—¢d—c)k+ A/maX{SH(z), 0}dG(z) — (r + p)U. (10)

The surplus is clearly strictly increasing in z, so there exists a unique Ry such that S(Ry) = 0,
and S(z) > 0 if and only if x > Ry. As a result, matches with high human capital workers
are formed or maintained only if the idiosyncratic productivity x is greater or equal to Ry, i.e.

r > Ry. If x < Ry, the match is either destroyed or not formed. Similarly, for low human capital

12



workers we have
(r+pu+A+35)SHx) = (x— ¢ —c)dk + )\/maX{SL(z), 0}dG(z) — (r + pu)U". (11)

The surplus is increasing in x, so there exists a unique reservation productivity R; such that
SE(Rp) = 0, and S(z) > 0 if and only if z > Ry. Substituting (10) evaluated at x = Ry back

into (10), and following the same procedure using (11) gives

JZ—RH

SH(LU) = mk, for all z Z RH, (12)
r—R
SL(I) = mak, for all x Z RL. (].3)

As is standard in the literature, I assume that the firm and the worker share the match surplus
using Nash Bargaining, following Nash (1950). Let  denote the worker’s bargaining strength.

The wage solves the following Nash Bargaining problem

w;(x) = arlgu.zl)ax (Wi(z) — U;)° [Ji(z) = V]'7. (14)

After substituting the free entry condition V' = 0, the solution to the above problem gives the

surplus sharing condition for i = H, L
BJi(z) = (1 = B)(Wi(z) = U,), for all x > R;. (15)

In particular this implies that J;(x) = (1 — 5)S;(z) and W;(x) — U; = 5S;(x), for all z > R; and
1 = H, L. In other words, the firm and the worker get their outside option and a share 1 — g and (8
of the surplus. Substituting the Bellman equations into the Nash Bargaining condition (15) gives

the equilibrium wages as a function of workers’ outside option U;, i € {H, L}

wy(x) =px —c— @)k + (1 —B)(r+ w)Ug, for all z > Ry, (16)
wr(x) = (e —c—¢)ok + (1 — B)(r + pn)Uyg, for all x > Ry. (17)

To derive the value functions for unemployed workers U;, for i € {H, L}, substitute the Nash
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Bargaining condition and the surpluses from (12) and (13) into (3) to get

(r+ p)Up = b3 + B (0) / TR sraaie). (18)

Ry TS+ A

Subtracting the above expression from the Bellman equations for Uy in (2), and replacing the

resulting difference back into (2) gives

(r+p)Un =Bf(0) (H—”> /R ide(z)

r4+pu+o LTt s+A

o z— Ry, T+ @+ oo
+—TBf0) | ——TE skdG(z) + (AT g
Ao [ et + (A o

The following proposition shows that the reservation productivity is larger for low human

capital workers, a result that will prove very useful in deriving aggregate TFP.

Proposition 1. The reservation productivity is larger for workers with low human capital, i.e.

Ry < Ry.

A formal proof is included in the appendix. Intuitively, for a given match-specific productivity z a
match with a high human capital worker produces a larger surplus. Therefore, both the firm and
the worker are willing to form less productive matches if the worker has a high human capital.
By contrast, better matches are required for the surplus to be positive with a low human capital
worker, as these matches yield a lower surplus for the same match-specific productivity z. Setting
0 = 1, i.e. there is no skills depreciation, restores R;, = Ry. In this case the model corresponds to
the baseline Mortensen and Pissarides (1994) model.

Using that ST(Rg) = ST(Rr) = 0 gives the job destruction conditions (JDH) and (JDL) for

high and low human capital matches

- R

where (r 4+ p)Ur, and (r + p)Upy are given by (18) and (19). Intuitively, the above conditions pin
down the match specific productivities that satisfy that the surplus is zero, given market tightness
0. These conditions characterize firms’ and workers’ decision on which matches to form or keep.

Next, using the free entry condition V' = 0 and the Bellman equation for vacancies (6) gives

14



the job creation condition

. (1-p) [Au S, (2 = Rin)dG(2) + (1 = A3 [, (= — Rp)dG(z)
(IC): q(0) ~ rpu+ At s - (2

Intuitively, the job creation destruction (JC) captures that firms enter the vacancy market until the
expected cost from posting a vacancy—the left-hand side of (22)—equals the expected value of a
filled job—the right-hand side of (22). The expected value captures that firms meet both high and
low human capital workers from the unemployment pool, and that match-specific productivities
are drawn from G(.).

As (22) shows, the distribution of unemployment by skill A, plays an important role in firms’
job creation decision. This distribution is determined by labor market flows, together with a
stationarity condition. Consider the pool of employed and unemployed workers with high human
capital ey and ug. In steady-state, the flows in and out of these groups must be equal to ensure

stationarity, i.e. the following flow equations hold

[F(0)1 = G(Ru)) + 0 + plun = (s + AG(Bu))en + p, (23)
f(0)(1—G(Rp))ug = (s + AG(Ry) + p)eq. (24)

The left-hand side of the flow equation (23) equals the flows out of the pool uy of unemployed
workers with high human capital. Workers leave the pool uy because they either find a job at a
rate f(0)(1 — G(Rpy)), their skills depreciate at a rate o, or die at a rate u. The right-hand side
corresponds to the flows into ugy. These flows include the employed workers with high human
capital who lose their job, either from endogenous or exogenous separations, and new entrants.
Similarly, the flow equation (24) captures that workers join the pool of employed workers e when
they find a job at a rate f(0)(1 — G(Rg)), and they leave the pool ey when they either lose their
job due to exogenous or endogenous separations at a rate s + AG(Rpy), or when they leave the

labor force at a rate p. Combining the two flow equations (23) and (24) gives

= wls + AG(Rg) + p (25)
uf(0)(1—G(Ru)) + (0 + p)(s + \G(Ryr) + 1)’

o uf(0)(1 — G(Ru))
T ufO)(1 = G(Ru)) + (0 + p)(s + AG(Ry) + 1)

(26)
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Similarly, the flow equations for workers with depreciated skills are given by

[f(0)(1 —G(RL)) + plug = (s + NG(Ry))er + ouy, (27)
f(0)(1—G(Rp))ur = (s+ AG(Ry) + per. (28)

Workers leave the pool uy, when they either find a job or leave the labor force, and join u; when
they lose their job or their skills depreciate. Workers join the pool e; when they find a job, and

leave ey, when they either lose their job or leave the labor force. Combining (27) and (28) gives

o s+ AG(Rp) + i u
=g [f(O)(l “GR) s TAG(RL) + u] " 29)
ep = . { f(9)<1 - G(RL)> } gy (30)
| fO)(1—G(RL) +s+AG(RL) +p|

where ug is given by (25).% It is easy to verify that adding up the different pools of workers gives
the total population, i.e. ug + ey +ur +e;, = 1. Combining the above expressions gives the share

of unemployed and employed workers with high human capital

plf(0)(1 — G(RL)) + s+ AG(RL) + 4]
plf(0)(1 — G(RL)) + s+ AG(Ry) + p] + o(s + AG(RL) + )’
p(1 = G(Ry))[f(0)(1 = G(RL)) + s+ AG(Rg) +
w(1—=G(Ry))[f(0)(1 = G(RL)) + 5+ AG(RL) + pu] +0(1 = G(RL))(s + A\G(Ry) + )
(32)

A, =

A, =

The equilibrium consists of a tuple {R};, R}, 0%, U}, Uf, A%, A%} that satisfy: (1) the job de-
struction conditions (JDH) and (JDL) in (20) and (21); (2) the job creation condition (JC) in (22);
(3) the value functions for unemployed workers (19) and (18); and (4) the stationary distributions
(31) and (32). As in Pissarides (1992), the equilibrium exists but may not be unique, as the (JC)
curve can be upward sloping under certain parameter combinations. However, quantitatively this
happens under very extreme parameter values. For any standard calibration in the literature, the

(JC) curve is clearly upwards sloping and the equilibrium is unique. The following proposition

9Substituting (25) gives

- s+ AG(RL) +p s+ AG(Ry) + 1 :|
L=

’ [f(t?)(l = G(RL)) + s + AG(RyL) +u] ' [uf(ﬁ)(l —G(Ru)) + (0 + @) (s + AG(Ru) +p) |
£(0)(1 - G(Ry)) } . [ s+ AG(Ry) + ]
FO1=G(RL) +5+AG(Re) + ] Lpf(O)(1 = G(Ra))+ (0 +p)(s + AG(Rr) +p) |-

6L20|:
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provides some conditions for existence and uniqueness.

Proposition 2. Let n denote the elasticity n = —q'(0)0/q(0). Define R(0) as the unique Ry

as a function of 0 that satisfies the (JDL) condition (21), using the Implicit Function Theorem.
-1

Letﬁza,/%-{( %—1—1) [,u( %#—1) +0} —i—(ﬂ/%} and p(z) = [7(1 — G(z))dz.

Let 0y be defined by the market tightness that satisfies the (JDL) condition with Ry, = €, 0 be

defined by the tightness 0 that satisfies the (JC) condition (22) with Ry = €, and 6 be defined by

the tightness 0 that satisfies the (JDH) condition (20) with Ry = . Assume that € — ¢ — ¢ +

90(8) [ A £ (00)[(r+p)B+059] ] . <r+u+6a> b~

ruts+X  (rpto)(rFuts+r) rHuto | k=

0,n>1% and 0 < 0. Then the equilibrium exists

and is unique.

The appendix includes the proof. Intuitively, one can use the Implicit Function Theorem to
express Ry, = R (0) as a function of market tightness € using the (JDL) condition for L workers.
This reduces the equilibrium to one job destruction condition and one job destruction condition
in two variables, Ry and . The condition 1 > 7 ensures that the (JC) curve is downward sloping.
Intuitively, if the elasticity of the matching rate n is “too large”, the unemployment distribution
improves too much when 6 increases and may lead to more job posting, an issue present in other
random matching models with skill decay, e.g. Pissarides (1992). The other two conditions ensure
a crossing of the (JDH) and (JC) curves. Given the equilibrium Ry and 6, the equilibrium Ry,
follows from the Ry = Rp(0) relationship given the (JDL) condition. The proposition provides
sufficient conditions. Quantitatively, under any standard calibration the equilibrium exists and is

unique.

4. Aggregation and TFP with loss of skills

An important feature of the model is that the equilibrium in the labor market, captured by the
equilibrium market tightness 6 and reservation productivities Ry and Ry, is effectively a sufficient
statistic that determines the economy’s TFP. Intuitively, the market tightness and reservation pro-
ductivity determine both (1) the quality/productivity of formed matches; (2) the human capital
distribution. This is in contrast with Lagos (2006), where the equilibrium reservation produc-
tivity alone pins down the economy’s TFP, regardless of market tightness. In Lagos (2006), two
economies with the same reservation productivity exhibit the same TFP, regardless of how long
it takes for workers to find jobs—i.e. regardless of the actual equilibrium market tightness. In

this environment, policies that increase the reservation productivity, such as increases in unem-
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ployment benefits, always lead to improvements in TFP, even if they raise unemployment and
unemployment duration. However, once we take into account that long periods of unemployment
have negative effects on workers’ productivity, as this paper does, policies that reduce the job
finding rate and increase unemployment duration lower TFP. This additional mechanism provides
a rationale for the relationship between unemployment changes and TFP and between unemploy-
ment benefits and TFP, and may dampen the effect of unemployment insurance on TFP, while
amplifying the effect of other policies such as hiring subsidies.

Let G*(.) denote the cumulative density function of the endogenous distribution of match
specific productivities for high human capital workers, and let GL() denote the corresponding
distribution for low human capital workers. The overall endogenous distribution of matches is
denoted by G(.). As with the distribution of workers by skill, these endogenous distribution are
determined by flow equations and a stationarity condition. For each i € {H, L}, the following flow
equation holds

d[G'(z)e’]

o =l = G@)[G(e) - GRY] + fO[G () - G(RY)

—Xe'GH(2)[1 — G(x)] — Ne'G(x)G(RY) — (s + p)e'Gi(z), for all z > R;.  (33)

The right-hand side of (33) captures the flows in and out of the pool of workers employed at a
job with match-specific productivity lower or equal than a given z, for x > R;. The first term
captures workers employed at a match with productivity higher than x who get a productivity
shock that lowers their productivity below z, but not bleow R*—i.e. the match is not destroyed.
The next term corresponds to the flow of unemployed workers who find a job with match-specific
productivity lower than x. The last three terms capture the outflows, which correspond to the
number of employed workers who get a productivity shock that raises their productivity above x,
and the jobs destroyed either due to endogenous separations, exogenous separations or workers
leaving the labor force.

In steady-state, d[G'(z)e]/dt = 0. Using the flow equation above gives, for i = H.L

~ A f0) o

G'(z) = s a T siaine [G(z) — G(RY)], for i € {H,L}. (34)
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Substituting u* and € from (25), (29), (26) and (30) gives

oy Gla) = G(RY

G'(z) = - GR) fori e {H,L}. (35)

Intuitively, the distribution of observed match productivities G%(.) is a truncation of G(.) above
the reservation productivity R;.

Let Y, K and N denote aggregate output, capital and labor—in this case total hours, as in
Lagos (2006). The following derivations show the relationship between these aggregates. Aggregate

capital is given by

K=(1-u+v)k

=[1—(1-0)ulk. (36)

Intuitively, each employed worker and each vacancy requires an amount k of capital. Given that
vacancies require capital but do not produce output, we can define effective capital K, as the

fraction of the aggregate capital that is operative and producing output, which is given by

Lou g (37)

Ko=—"" K
1—-(1-0)u

A match with a worker with human capital ¢ € {H, L} produces (n > 0) if the match specific-
productivity: (1) yields a positive surplus (i.e. x > R;); and (2) covers the variable cost (i.e.
x > ¢). Therefore, for aggregation it is convenient to define u; as p; = max{R;, ¢}, for i € {H, L}.
Aggregate output Y is then given by

v=a-a)a-u [

KL

Sf(z,n(z), k)dG*(x) + Ac(1 — u)/ f(z,n(x), k)dGH (). (38)

Intuitively, the above aggregate adds the number of each type of employed worker and how much
each of them produces depending on their match-specific productivity, taking into account the
distribution by skill A, and the distribution of match-specific productivities G”() Proceeding in

a similar way, aggregate hours N are given by

N:(l—u)Ae/

BH

n(z)dGH () + (1 — u)(1 — Ae)/ n(z)dGE(z). (39)

BL
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Substituting the number of hours from (7) and K. from (37) into aggregate output and hours

gives

Y = KA(1— A)[L = G () 0B (le > pp) + AL — G ()| E(ale = pr)y. (40)

N = KA1 = G ()] + (1= A1 — GHun)]}- (41)
Assume as in Lagos (2006) that G(.) is Pareto, i.e. G(x) is given by

0 ,ifr <e.
G(z) = (42)
1-— (i) ,ife <u,

where ¢ > 0 and o > 1. A Pareto distribution implies if y; > ¢, then 1 — G(p;) = (¢/p:)* and
E(z|z > ;) = ap;/(a — 1). In addition, since (35) implies that G(.) is a truncated distribution
of G(.) above R;, G'(.) is also Pareto with parameters R; > 0 and a > 1, i.e. for i € {H, L}

G x) =

The above distribution implies that 1 — G¥(;) = (Ri/ps)® and E(z|z > ) = o/ (a — 1).
Substituting the distribution G%(.) into (41) and (40) gives

N =K, [Ae <@)a (1A (ﬁ)a] , (44)

e (B s () ] ().

Compared to Lagos (2006), aggregate output is a weighted average of the expected match-specific

productivities, and scaled low human capital matches by § to take into account their lower pro-
ductivity. Importantly, the weights are given by the distribution of workers by skill A., which
depends on both the reservation productivity and market tightness. When market tightness is
high, workers find jobs quickly, are less likely to be unemployed and spend less time in unemploy-
ment. This reduces the amount of skill loss and improves the economy’s TFP, as fewer workers
have depreciated human capital. The novel results in this paper work through the compositional

changes in A,.
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Next, I proceed to derive the economy’s aggregate production function. TFP now depends on
the relative size of each type’s reservation productivity compared to the variable cost, as this will
determined the amount of labor hoarding. Broadly speaking, given that R, > Ry, there are three
cases: (1) hoarding of both types of workers; (2) hoarding of only workers with high skills; (3) no
hoarding.

Case 1: Ry < R; < ®. In this case firms hoard labor for both types of workers, in the sense
that matches with x € [R;; ¢) are kept and formed, but hours are set to zero for these matches,
i.e. n(x) = 0 for x € [R;;¢). Further, u = p = ¢. Substituting into aggregate labor N from
(44) gives

K.
N = - ARy + (1 —A)RT]. (46)

Using the above expression to express u as a function of K, and N, and substituting into aggregate

output Y from (45) gives

1 1
AR} + (1= AJR}S

_ 1-
Y = - KIN', (47)

1—

(1=7) [AcRy + (1= AR

where v = 1/a.
Case 2: ¢ < Ry < Rp. This corresponds to the no-hoarding case, and implies that uy = Ry

and p; = Rp. Substituting these into N and Y gives

N =K., (48)
ARy + (1= A)OR,
1—v

Y = -KJN'™7. (49)

Case 3: Ry < ® < Ry. In this case there is hoarding of high human capital matches if
x € [Ry, ®), but no hoarding of low human capital matches. Intuitively, in this case only high
human capital matches yield enough surplus to induce firms to hoard labor. Low human capital

matches yield relative small surplus, and firms expect the match specific productivity to be high
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for a match to be formed—i.e. Ry, is high. Using that uy = ¢ and up = Ry gives

N =K., (50)

1 1
v ARp+(1- A)Rpogr !

- KJN'T (51)

1—

(1= ) |ARG + (1 - A6

The following proposition summarizes the above results and characterizes the economy’s ag-

gregate production function and TFP.

Proposition 3. Let v = 1/a and K. denote the operative capital. The economy’s aggregate
production function Y = F(K,, N) satisfies

Y = F(K.,,N) = AK)N'™", (52)

where A is the economy’s TFP and is given by

/ 1 1
AcRE+(1-A)R] S .
A= St L fRy < Ry < ¢,
[AERIYI+(1AE)R2]
1 1_
A=1Q A = BeRi+(-8o)Riésn Yo if Ry <6< Ry (53)

1 1] 1=y
AcRE+(1-Ac)p7

(An = [AcRy + (1= AJORL] - 155, if ¢ < Ry < Ry.

When there are no loss of skills the above TFP equals the expression in Lagos (2006), i.e. with
9 =1 (no skill loss), Ry = R and A, = A,, = A, = R/(1 — 7). Interestingly, there are three
regimes for TFP, whereby regimes I mean the regions in the (Ry, Ry) space defined in proposition
4 and over which TFP has a different functional form. The effect of changes in labor market
outcomes {R;,0} depends on which regime the economy is. If the economy “switches” regimes
due to a policy change, the effect of changes in labor market outcomes on TFP may be stronger
in some regimes than in others. In particular, the effect of Ul on TFP might be dampened as
UI benefits move the economy from one regime to another. However, there are no jumps in TFP
when the economy moves from one regime to the other, as the following proposition shows. The

proof is included in the appendix.
Proposition 4. The endogenous TFP A in (53) is continuous in (Ry, Ryr).
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5. Discussion

One of the key insights in the Lagos (2006) model is that the reservation productivity is a sufficient
statistic for TFP. This property captures how labor market characteristics, and therefore policy,

affect TFP. More specifically, in Lagos (2006) TFP A is given by

A= — (54)

where R is the equilibrium reservation productivity and v = 1/a corresponds to the Pareto
parameter of the distribution of idiosyncratic productivities, as in this paper. When 6 = 1, i.e.
there is no skill loss, TFP in (53) coincides with TFP in (54) from Lagos (2006) . Two important
results emerge from this model of TFP. First, without skill loss, any policy or shock that raises
the reservation productivity unambiguously raises TFP, since all formed and active matches have
now a higher productivity. This is what I denote the average productivity channel. Second, two
economies with the same reservation productivity display the same TFP, regardless of their market
tightness or job finding rates.

In this paper the model inherits the important sufficient statistic property in Lagos (2006).
However, with skill loss both the reservation productivities (Ry, Ry) and the market tightness
f are sufficient statistics. This result captures an additional channel that operates through the
skill distribution, which I denote the skill channel. The reservation productivities and the job
finding rate now determine TFP, because they affect how often and for how long workers remain
unemployed and therefore determine the skill distribution. As a result, even if two economies have
the same reservation productivity, different market tightness will lead to different aggregate skills
and different TFP levels.

More formally, changes in TFP can be decomposed in the following way

JA — ( 0A 0A dAe) ARy + ( 0A 0A dAe> 0A 0A. £(6)d6. (55)

d _
ORy T OA. dRy oR, oA, dr, ) YT A a70)

An increase in A, corresponds to a higher share of workers with high skills, i.e. an improvement
in the skill distribution. It can easily be verified that 0A/0A, > 0, that is, an improvement
in the observed skill distribution raises TFP through the skill channel. Both the reservation

productivities and market tightness determine the skill distribution. It can be easily verified that

23



0A./Of(0) > 0, 0A./OR, > 0 and 0A./ORy < 0. Intuitively, fewer workers suffer skill decay
if they find jobs faster (0A./0f(0) > 0); fewer workers with low skill are employed when the
reservation productivity Ry increases (0A./OR; > 0); and fewer workers with high skills are
employed when the reservation productivity Ry increases (0A./ORy < 0). All of these effects are
absent without skill loss.

The skill channel is particularly important to understand the effect of UI benefits on TFP.
UI benefits raise the reservation productivity, but also lower the job finding rate. Therefore,
the average productivity and the skill channels work in opposite directions. On the one hand
UI benefits raise TFP because better matches are formed and active, due to the increase in the
reservation productivities. This is the average productivity channel present in Lagos (2006) and
Marimon and Zilibotti (1999). However, the increase in the reservation productivity and the drop
in the job finding rate both deteriorate the skill distribution, as workers remained unemployed
more often and for longer. This leads to more skill decay and lowers TFP, through the skill
channel. Therefore, with skill loss the effect on TFP is now ambiguous. Overall, UI benefits raise
TFP only if the policy affects the reservation productivity without affecting the skill distribution

too much, i.e. if the average productivity channel dominates the skill channel.

6. The effect of labor market policies on TFP

Given the interaction between the labor market and TFP, and given that labor market policies
affect equilibrium labor market characteristics, a natural question is how do labor market poli-
cies affect TFP? This section studies the effect of UI benefits, firing taxes, hiring subsidies and
employment subsidies on TFP. These policies have been extensively studied in the literature, see
for example Pissarides (2000). An important advantage of the sufficient statistic property of the
endogenous TFP derived in (53) is that one need only look at how a policy affects the reservation
productivity and labor market tightness to obtain the effect on TFP. In other words, evaluate the
effect of the policy on the reservation productivity and market tightness (or the job finding rate),
substitute into (53) and one readily gets the effect on TFP.

Labor market policies take the following expression. Let 7, denote the employment subsidy, 7,
the hiring subsidy, 7; the firing tax and 7, benefits. As in Pissarides (2000), I assume that all the

policies are proportional to the size of the firm k to remove scale effects. Using already the free
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entry condition V' = 0, the Bellman equations for « = H, L are given by

(r+ W) Un = b+ £(0) / max{IW0 () — Uy, 03dG(2) + o (Uy, — Up), (56)
(r+pu)Ur = bS5 + £(0) / max{WP(z) — Uy, 0}dG(z), (57)
(4 HWi(e) = wila) 0 [ max(Wiz) = U 0}dG(z) — (A + 5)(Wila) - Vi), (59
(r + 1) () = mile) + 7ok + A / max{Ji(z) + 77k, 0}dG (=) — (A + 8)(Js(z) + 77k), (59)

FV = —ck + q(6) {Au / max{J% (), 0}dG(2) + (1 — Ay) / max{J9(2), 0}dG (=) + k| . (60)

The endogenous distributions A, and A, remain the same as without policy and are given by
(31) and (32). The biggest difference compared to the model without policy is that with a hiring
subsidy and a firing tax, the bargaining problem is different when the firm and the worker sign
the contract than when the worker is taken on. At the time of signing the contract, the hiring
subsidy is at stake but the firing tax does not apply yet. Therefore, the worker and the firm care
about the hiring subsidy but not about the firing tax during bargaining. Once the match has been
formed, the hiring subsidy is not applicable anymore, but the match is now subject to a firing
tax if destroyed, so the worker and the firm take the firing tax into account during subsequent
bargains. Under the assumption of continuous renegotiation, this leads to two different wages, a
wage w?(x) upon signing the contract, and a continuation wage w;(z) once the match is formed—
the “outside” and “inside” wages, to use Pissarides (2000) terminology. More generally, as in
Pissarides (2000), variables with a nought superscript denote the time of signing stage, when only
the hiring subsidy is at stake. Variables without a nought superscript denote that the match has
already been formed and the firing tax applies. For example, W?(z) denotes the value function of
an employed worker at the same stage, and so on.

The derivation of the equilibrium follows the same steps as with the model without policy, the

details of the derivations are included in the appendix. The equilibrium is characterized by the
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following job creation condition (JC) and two job destruction conditions (JDH) and (JDL)

— Ry

DH): —¢—c)k k+ A —kd k— = 1

GDH): (R = 0= b+ k1 [ EEEE kG 4 (4 k= (4 U =0, (61)
Z—RL

(JDL) (RL—¢—C>5k+Tek+)\/RLm

e [A R >+ (1 — AR
(a=1(r+p+A+s

+ (rh— 7¢) [Au (}%)a +(1—A) (}%ﬂ - m = 0. (63)

where A, is given by (31), and the value functions of unemployment Uy and U}, are given by

kdG(z) + (r + p)1k — (r + p)Up, = 0, (62)

(JC):

(r 4+ p) Uy = 10k + Bf(0) (é) [(a — 1)(fj_55+ N s) + (1, — 1)k |, (64)
(r+ 1)U = b (m—ii’) | (65)

Sufficient conditions for existence and uniqueness are derived as in the model without policy.
Quantitatively, under any standard calibration the equilibrium exists and is unique. Shutting
down the loss of skill channel (i.e. § =1 and/or o = 0) yields the model in Lagos (2006).

The following proposition summarizes the effect of the policies on TFP.

Proposition 5. (a) Hiring subsidies raise both the reservation productivities and the job finding
rate, so they unambiguously raise TEFP. Firing taxes lower both the reservation productivities and
the job finding rate, so they unambiguously lower TFP.

(b) Unemployment insurance benefits raise the reservation productivities but lower the job find-
ing rate. Employment subsidies lower the reservation productivities but raise the job finding rate.

Therefore, the effect of both policies on TFP is ambiguous.

Intuitively, with skill loss both the reservation productivities and the job finding rate are
sufficient statistics for TFP. In Lagos (2006), all that matters is the effect on the reservation
productivity, regardless of what happens to the market tightness (or the job finding rate). The
reservation productivity is effectively a sufficient statistic for TFP. If the policy raises the reser-
vation productivity, TFP increases independent of the effect on the job finding rate. With skill
loss, the effect of labor market policies on TFP is different than in Lagos (2006) because of the

skill channel. The market tightness matters now for TFP because it affects the skill distribution
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through its effect on the job finding rate. Both the reservation productivity and market tightness

are sufficient statistics.

7. Quantitative results

To be completed.

8. Conclusion

This paper develops a model of endogenous TFP with search and matching frictions and skill
loss during unemployment. Aggregating the individual decisions of firms over which units they
keep active and which matches they form leads to an aggregate production function that is Cobb-
Douglas in capital in labor. TFP is determined by the equilibrium characteristics of the labor
market. Further, the reservation productivity and the job finding rate are sufficient statistics
and uniquely determine TFP, as they both capture the average productivity of active matches
and the skill distribution. Contrary to previous studies that emphasize the role of the average
match productivity, in the model there two channels that may affect TFP in opposite directions.
In particular, the effect of UI benefits on TFP is ambiguous. Ul benefits lead to both a higher
reservation productivity and a lower job finding rate. Therefore, although UI benefits improve the
quality of matches formed, they also worsen the skill distribution. This mechanism can account
for the high unemployment rates and declining productivity in Europe relative to the US during
the period 1996-2019 despite high UI benefits in European countries relative to the US, as well as
the negative relationship between TFP and unemployment in the data. The paper then studies

the effect of labor market policies on TFP.

Appendix

Proof of proposition 1

The proof proceeds by contradiction. Assume R < Ry. Define the function h(z) = [ (2 —
2)dG(z). The function h(z) is clearly strictly decreasing, as h'(z) = — [ dG(z). Therefore, it

follows that the assumption R; < Ry implies

/R (2 — Rp)dG(2) > / (2 — Ru)dG(2). (66)

Ry
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Using the Bellman equations for Uy, and Uy from (18) and (19) gives the following

(r+ u)% =b+ Bf(0) /R ﬁkda(z),
(r+mUn = {m—if}
<b+ % /RL(Z — Rp)dG(z2),

where the last inequality uses (66), 6 < 1 and (r + pu +00)/(r+p+0) < 1. As a result

T+ u
0

(r+p)Up < Up. (67)

Using the expression for the surplus Sy (z) and Sp(x) from (10) and (11) gives

(T+M+/\+S)SL(5RL):<RL_¢_C>]€+)\/R %dG(Z)—%
— Rp)k

<(RL_¢_C>k+/\/R %dG(Z)_@jLN)UH
— Ry)k

_ (7’+M+>‘+8)SH(RH)

=0,

where the above uses (67) and that Rk+ X [, Tf/;ff\)is dG(z) is strictly increasing in R. The above

inequality implies that Sy (Ry) < 0, which is a contradiction. O

Proof of proposition 2, existence and uniqueness of equilibrium

The proof proceeds as follows. First, I express R.(6) as a function of 6 alone using the (JDL)
condition (21) and the Implicit Function Theorem. This allows me to express the equilibrium in
terms of {0, Ry} alone. I then show that the condition n > 7 is sufficient for the (JC) curve to be
strictly downward-sloping. Next, I show that the condition § < @ ensures a crossing between the
(JC) and (JDH) curves. Together these two results guarantee a unique intersection between the

two curves. Therefore, the equilibrium exists and is unique. Given equilibrium {6, Ry}, a unique
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equilibrium Ry, follows from the (JDL) condition (21).
Totally differentiating the (JDL) condition (21) gives

aR G- a0) 3 - R)dG(:)
9 |, T+ p+s+AG(RL) + Bf(0)(1—G(RL))

(68)

Using the above expression we get that conditional on the (JDL) condition (21), dRy/df > 0
for all #. Given that the (JDL) condition (21) depends on Ry and 6 only, applying the Implicit
Function Theorem to the (JDL) condition defines R, = Ry () as a function of #. Next, totally

differentiating the (JDH) condition (20), substituting dRy/df from above and rearranging gives

dc% - w [r + 54 p+AG(Ry) + Bf(0)(1 — G(Ry) (%)} T (60)
e T, . o(r+ pu+ s+ AG(Ry)) ~ )
[( +u>/RH( RH)dG(Hr+u+s+AG(RL)+6f(9)(1—G(RL))/RL< Rp)dG( )}.

It follows that dRy/df > 0 for all 6, so the (JDH) curve is strictly upward-sloping.

Next, I prove that the (JC) curve (22) is downward-sloping given the parameter restriction
n > 1. Compared to the DMP model without skill loss, the slope of the JC curve may be upward
sloping because the distribution of workers across skills §, improves as firms post vacancies and

6 increases. Differentiating the JC condition (22), and substituting the JC condition to replace
(1 —=5)[p(Ru) — dp(Ry)] gives

— (1= P - GlR) T =
ckn ck 0A, 0 1
(r+u+)\+s)m— {(r%—u%—k%—s)m—(l—ﬂ)&p(]ﬁ)] 20 A8
L ) (= GURL)( = A () = (R |

Except for the second term in the right-hand side of the above expression, all the remaining terms
are positive, since 0A, /OR, < 0, dRy/df > 0 and A, /00 > 0. In what follows, I find a sufficient
condition for (r+ p+ A+ 8)% [7] - % : Aiu} to be positive. Given this condition, the JC curve
is downward-sloping. Clearly, this condition is overly restrictive. Quantitatively the JC may be

downward sloping even if the condition does not hold, due to the remaining positive terms. First,

29



n—8§“~&>0ifandonly1f

O —G(R))(1 - Ay)

1O G = GR) + 5+ 2GR
Let f* be defined as f* = f(0)(1 — G(Rr)). Note that
fO)1 - G(RL))(1 - Ay) .
FO) (1= G(Rp)) + 5+ AG(Rp) + 41 27,
where ®(z) is defined as ®(z) = i - M(H;jr(;;rfi(sw). Over [0,00), the function ®(x) is first

strictly increasing, then strictly decreasing, with a maximum at z*, with z* = (s + ,u),/%.
Therefore,
[uto
O(z") < AR ? .
pto o
JEZ 1 (/=2 11) 40
Therefore,

n) f(O)(1 = G(RL))(1 - A,)
f(O)(1—G(RL)) +s+ AG(RL) + p

n—(1- >n— d(x").

Given that, after rearranging, n— ®(z*) > 0 if and only if n > 7, it follows that n > 7 is a sufficient

SO A=G(RL))(1=Aw)
(1-G(RL))+s+AG(RL)+p

condition for n — (1 —n) 7@ > 0. Therefore, it is also a condition for the JC
condition to be downward-sloping, i.e. for dRy/df < 0 along the JC curve.

Having established sufficient conditions for the (JC) condition to be upward-sloping, I show
next that the condition § < @ guarantees that there is a single crossing between the (JC) and
(JDH) curves. Along the JDL curve (21), 6 tends to infinity as Ry tends to infinity. As Rp

tends to €, 8 tends to fy in proposition 2, which is strictly positive given the assumptions in the

proposition, since 6, is determined by

—%—i—(a—(b—c)—l—)\&

r4+pu+s+A
Be(e)

fllo)=(r+pu+s+A)-

In sum, R.(A) defined by the JDL condition (21) is a strictly increasing function that maps
[0, 00) — [g,00). Using the Rp(#) function, @ is defined as the # that satisfies the JC condition
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with Ry = €, i.e. 0 satisfies

c . 1-7
q@) rHp+Ai+s

[Aup(e) + (1 - A,)5p(RL(0))]

where A, is given by A, evaluated at Ry = ¢, # = § and Ry = Rp(0). It is easy to verify that
a unique  exists that satisfies the above condition, since the right-hand-side tends to a positive
number as 6 tends to 0, and to minus infinity as 6 tends to infinity. Next, define @ as the # that
satisfies the JDH condition (22) with Ry = e, using R (0), i.e. 0 satisfies

B A r4+p+oocb
T W A
5 S [(r + 1) (e) + ob0(Re(0))].

(r+pu+o)r+up+A+s)

Again, it is easy to verify that a @ that satisfies the above exists and is unique, given that JDH is
strictly increasing. The right-hand-side of the above expression tends to minus infinity as 6 tends
to infinity, and to a positive number (given the condition on y in proposition 2) as € tends to 6.
Figure depicts the equilibrium in (6, Ry). The equilibrium Ry, follows from the relationship Ry (6)
defined by the JDL condition. Figure depicts the relationship Ry (#) using the JDL condition (21).

Proof of proposition 4, continuity of TFP in (R}, Ry)

First, let us prove continuity in R; around ¢, in other words, when we move from A; to A,, in
proposition 3. Make R, tend to ¢~, i.e. Ry < Ry < ¢. TFP is given by A;. Taking the limit as

R, — ¢~ gives

lim A; = AER}LIM (1= At 1 :
Ri—¢~ (AeR}f +(1— Ae>¢1m>” 1—~
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Suppose now that Ry < ¢ < Ry and make R; tend to ¢*. TFP is given by A,, and the limit is

given by

AR+ (1—A)gd 1

lim A, = —
Rr=o7 (Aengqs—l/v +1-— Ae> ol=y
AR + (1= A)pl s 1

_— 17 . .
(AGR}L{” . Ae)gb1/7> T l-n

The two limits coincide, so TFP is continuous in R around ¢.

Next, I prove continuity in Ry around ¢, in other words, when we move from A,, to A, in
proposition 3. Suppose that ¢ < Ry < Ry (i.e. TFP is given by A,)and that Ry tends to ¢™.
The limit is given

lim Ah = Aegb + (1 — Ae)5RL.

Rpg—¢™t

Suppose now that Ry < ¢ < Ry (i.e. TFP is given by A,,)and that Ry tends to ¢~. The limit is

given by
ARy VT4 (1 - A)S
Glim A, = oy ¢ o st i
H—¢™ Ry Y
|:A6 <7) + (1 - Ae):|

=A.b+ (1 — ARy

The two limits coincide, so TFP is continuous in Ry around ¢.

References

ADpDISON, J. T. and PORTUGAL, P. (1989). Job displacement, relative wage changes, and dura-
tion of unemployment. Journal of Labor Economics, T (3), pp. 281-302.

AcHION, P. and HowitT, P. (1994). Growth and unemployment. Review of Economic Studies,
61 (3), 477-94.

BaiLEy, C. D. (1989). Forgetting and the learning curve: A laboratory study. Management
science, 35 (3), 340-352.

BEBLO, M., BENDER, S. and WoOLF, E. (2008). Establishment-level wage effects of entering
motherhood. Ozxford Economic Papers.

Bius, M., KLenow, P. J. (2000). Does schooling cause growth? American Economic Review
90 (5), pp. 1160-1183.

32



BurDpA, M. C., MERTENS, A. (2001). Estimating wage losses of displaced workers in Germany.
Labour Economics 8 (1), 15 — 41.

CARRINGTON, W. J. (1993). Wage losses for displaced workers: Is it really the firm that matters?
Journal of Human Resources, 28 (3), pp. 435-462.

CAsELLI, F. (2005). Chapter 9 accounting for cross-country income differences. Handbook of
Economic Growth, vol. 1, Part A, Elsevier, pp. 679 — 741.

CoucH, K. A. and Praczek, D. W. (2010). Earnings losses of displaced workers revisited.
American Economic Review, 100 (1), 572-89.

DAviD, G. and BRACHET, T. (2011). On the determinants of organizational forgetting. American
Economic Journal: Microeconomics, 3 (3), 100-123.

Davis, S. J. and vVON WACHTER, T. M. (2011). Recessions and the cost of job loss. NBER
Working Paper No. 17638.

DoppELT, R. (2019). Skill flows: a theory of human capital and unemployment. Review of Eco-
nomic Dynamics, 31, 84-122.

EDIN, P.-A. and GuUsTAVSSON, M. (2008). Time out of work and skill depreciation. ILR Review,
61 (2), 163-180.

FarLick, B. C. (1996). A review of the recent empirical literature on displaced workers. Industrial
and Labor Relations Review, 50 (1), pp. 5-16.

FARBER, H. S. (1997). The changing face of job loss in the United States, 1981-1995. Brookings
Papers on Economic Activity: Microeconomics, pp. 55—128.

GANGL, M. and Z1EFLE, A. (2009). Motherhood, labor force behavior, and women’s careers: An
empirical assessment of the wage penalty for motherhood in Britain, Germany, and the United
States. Demography, 46 (2), 341-3609.

GLOBERSON, S., LEVIN, N. and SHTUB, A. (1989). The impact of breaks on forgetting when
performing a repetitive task. IIE transactions, 21 (4), 376-381.

HarLr, R. E. and JonEs, C. 1. (1999). Why do some countries produce so much more output per
worker than others? Quarterly Journal of Economics, 114 (1), 83-116.

HOCKENBERRY, J., LIEN, H.-M. and CHOU, S.-Y. (2008). The impacts of task repetition and
temporal breaks in production on human capital and productivity. Journal of Human Capital,
2 (3), 303-335.

HOCKENBERRY, J. M. and HELMCHEN, L. A. (2014). The nature of surgeon human capital
depreciation. Journal of Health Economics, 37, 70-80.

HOUTHAKKER, H. S. (1955). The pareto distribution and the cobb-douglas production function
in activity analysis. Review of Economic Studies, 23 (1), 27-31.

JAcoBSON, L. S., LALoNDE, R. J. and SULLIVAN, D. G. (1993). Earnings losses of displaced
workers. American Economic Review, 83 (4), pp. 685-7009.

33



JAROSCH, G. (2015). Searching for job security and the consequences of job loss. Mimeo, Stanford
University.

Klenow, P. J., Rodriguez-Clare, A. (1997). The neoclassical revival in growth economics: Has it
gone too far? In: NBER Macroeconomics Annual 1997, Volume 12. MIT Press, pp. 73-114.

KLETZER, L. G. (1998). Job displacement. Journal of Economic Perspectives, 12 (1), pp. 115-136.

LAGAKOS, D. (2016). Explaining cross-country productivity differences in retail trade. Journal of
Political Economy 124 (2), 579-620.

LAacos, R. (2006). A model of TFP. Review of Economic Studies, 73 (4), 983-1007.

LjuNnGQvisT, L. and SARGENT, T. J. (1998). The european unemployment dilemma. Journal of
Political Economy, 106 (3), 514-550.

MARIMON, R. and ZiLiBOTTI, F. (1999). Unemployment vs. mismatch of talents: reconsidering
unemployment benefits. Economic Journal, 109 (455), 266-291.

MINCER, J. and OFEK, H. (1982). Interrupted work careers: Depreciation and restoration of
human capital. The Journal of Human Resources, 17 (1), 3—24.

— and POLACHEK, S. (1974). Family investments in human capital: Earnings of women. Journal
of Political Economy, 82 (2), ST6-S108.

MORTENSEN, D. T. and PissarRIDES, C. A. (1994). Job creation and job destruction in the
theory of unemployment. Review of Economic Studies, 61 (0), 397-415.

— and — (1998). Technological progress, job creation, and job destruction. Review of Economic
Dynamics, 1 (4), 733 — 753.

NasH, J., JouN F. (1950). The bargaining problem. Econometrica, 18 (2), pp. 155-162.

NEAL, D. (1995). Industry-specific human capital: Evidence from displaced workers. Journal of
Labor Economics, 13 (4), pp. 653-677.

ORTEGO-MARTI, V. (2016). Unemployment history and frictional wage dispersion. Journal of
Monetary Economics, 78, 5 — 22.

ORTEGO-MARTI, V. (2017a). The cyclical behavior of unemployment and vacancies with loss of
skills during unemployment. Macroeconomic Dynamics, 21 (6), 1277 — 1304.

ORTEGO-MARTI, V. (2017Db). Differences in skill loss during unemployment across industries and
occupations. Economics Letters, 161, 31 — 33.

ORTEGO-MARTI, V. (2017¢). Loss of skill during unemployment and TFP differences across
countries. Furopean Economic Review, 100, 215 — 235.

PARENTE, S. L. and PrEscoTT, E. C. (1994). Barriers to technology adoption and development.
Journal of Political Economy, 102 (2), 298-321.

Pavoni, N. (2011). Optimal unemployment insurance, with human capital depreciation, and
duration dependence. International Economic Review.

34



— and VIOLANTE, G. L. (2007). Optimal welfare-to-work programs. Review of Economic Studies,
74 (1), 283-318.

PETROSKY-NADEAU, N. (2013). TFP during a credit crunch. Journal of Economic Theory,
148 (3), 1150 — 1178.

P1ssarRIDES, C. A. (1992). Loss of skill during unemployment and the persistence of employment
shocks. Quarterly Journal of Economics, 107 (4), pp. 1371-1391.

— (2000). Equilibrium Unemployment Theory. Cambridge: MIT Press.

REsTucciA, D., YANG, D. T. and Zuu, X. (2008). Agriculture and aggregate productivity: A
quantitative cross-country analysis. Journal of Monetary Economics, 55 (2), 234 — 250.

Runm, C. J. (1991). Are workers permanently scarred by job displacements? American Economic
Review, 81 (1), pp. 319-324.

SCHMIEDER, J. F., VON WACHTER, T. and BENDER, S. (2016). The effect of unemployment
benefits and nonemployment durations on wages. American Economic Review, 106 (3), 739-77.

SHAFER, S. M., NEMBHARD, D. A. and UzUMERI, M. V. (2001). The effects of worker learning,
forgetting, and heterogeneity on assembly line productivity. Management Science, 47 (12), 1639~
1653.

STEVENS, A. H. (1997). Persistent effects of job displacement: The importance of multiple job
losses. Journal of Labor Economics, 15 (1), pp. 165-188.

ToPEL, R. (1990). Specific capital and unemployment: Measuring the costs and consequences of
job loss. Carnegie-Rochester Conference Series on Public Policy, 33 (0), 181 — 214.

VON WACHTER, T., SONG, J. and MANCHESTER, J. (2009). Long-term earnings losses due to
mass layoffs during the 1982 recession: An analysis using U.S. administrative data from 1974
to 2004. Mimeo, Columbia University.

35



