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Abstract

This paper studies unemployed workers’ decisions to change occupations, and their impact on
fluctuations in aggregate unemployment and its underlying duration distribution. We develop
an analytically and computationally tractable stochastic equilibrium model with heterogenous
labor markets. In this model three different types of unemployment arise: search, rest and
reallocation unemployment. We document new evidence on unemployed workers’ gross
occupational mobility and use it to calibrate the model. We show that rest unemployment is
the main driver of unemployment fluctuations over the business cycle and causes cyclical
unemployment to be highly volatile. The resulting unemployment duration distribution
generated by the model responds realistically to the business cycle, creating substantial
longer-term unemployment in downturns. Finally, rest unemployment also makes our model
simultaneously consistent with procyclical occupational mobility of the unemployed,
countercyclical job separations into unemployment and a negatively-sloped Beveridge curve.
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1 Introduction

The Great Recession has revived an important debate about the extent and nature of unemploy-
ment across different labor markets.! In this paper we construct and quantitatively assess an equi-
librium business cycle model, in which different types of unemployment arise in different labor
markets. We use this model to analyse how unemployed workers’ reallocation decisions change
with individual and aggregate conditions, creating labor market turnover and fluctuations in the
aggregate unemployment rate and the underlying duration distribution.

We build on Alvarez and Shimer (2011a), who study the relative importance of rest and search
unemployment. They consider a steady state economy with different industries, each characterised
by a competitive labor market.? In our model we consider an out-of-steady-state economy, by in-
troducing aggregate productivity shocks. We distinguish between ‘search’, ‘reallocation’ and ‘rest’
unemployment, by including search frictions in labor markets. In addition, we study how dif-
ferences in workers’ productivities within an occupation affect their reallocation decisions when
unemployed, by considering an economy with several occupations. In our model workers’ occu-
pational productivities increase through learning-by-doing and are subject to shocks that are spe-
cific to the individual within an occupation. This approach builds on Kambourov and Manovoskii
(2009a), who show the importance of workers’ occupation-specific productivities for reallocation
decisions.’

Search unemployment in our model is caused by frictions that make it time-costly to find a
vacancy. Rest unemployment is caused by workers who chose to remain in their occupations, even
though currently there are no employment opportunities for them. Reallocation unemployment
is caused by frictions that make it time-consuming to find a different occupation with sufficiently
promising labor market conditions. The extent to which each type of unemployment arises depends
on the persistence and volatility of workers’ productivities within an occupation, the degree of
reallocation frictions across occupations and the aggregate state of the economy. The fluctuations

of aggregate unemployment are then determined by the cyclical characteristics of search, rest and

1See, for example, Sahin, et al. (2012) and Herz and Van Rens (2011) who measure the extent of mismatch;
and Elsby, et al. (2010) and Barnichon and Figura (2013), who measure the extent to which matching efficiency has
decreased during the Great Recession.

2See also Jovanovic (1987), Hamilton (1988) and Gouge and King (1997) who, as Alvarez and Shimer (2011a),
study search and rest unemployment. In these models the term search unemployment denotes the unemployment
experienced by workers who move across different industries.

3 An important difference between our approach and that of Kambourov and Manovskii (2009a) and Alvarez and
Shimer (2011a) is that we consider idiosyncratic shocks to workers’ occupational productivities, and not sector-wide
(occupation or industry) shocks, as the main determinant of workers’ reallocation decisions. In Appendix C we provide
evidence that motivates this approach. Our evidence is consistent with Shimer (2007), who argues that occupational
mobility at business cycle frequencies is primarily for idiosyncratic reasons. It is also consistent with Kroft et al.
(2013), who show that the rise in long-term unemployment during and after the Great Recession is not driven by a
subset of occupations or industries, but occurs in all major occupations and industries. Jovanovic and Moffitt (1990)
and Auray et al. (2014) show that workers’ mobility decisions across industries are primarily driven by idiosyncratic
shocks and not by industry-wide shocks. Dvorkin (2013) shows that net mobility across industries cannot account for
the majority of the fluctuations in aggregate unemployment.



reallocation unemployment.

We show that rest unemployment is the most important driver of aggregate unemployment
fluctuations. It is also able to rationalise the cyclical behavior of the labor market along many
other important dimensions. In a downturn, for example, a large proportion of workers who have
a low productivity in their occupation become rest unemployment, now facing no immediate job
prospects. Simultaneously, the existing pool of rest unemployed workers find it less profitable to
reallocate, further increasing the size of aggregate unemployment and decreasing the overall job
finding rate. In the calibration, these changes in rest unemployment lead to cyclical fluctuations
of the aggregate unemployment rate that are quantitatively in line with the data. Underlying these
fluctuations, the cyclical responses of the model’s aggregate job separation and job finding rates are
also quantitatively in line with the data. Moreover, the increase in rest unemployment in downturns
generates realistic cyclical changes in the unemployment duration distribution. The model also
preserves the main features for which the canonical Diamond-Mortensen-Pissarides (DMP) model
is empirically successful. That is, the changes in rest unemployment are able to generate a high
correlation between the job finding rate and labor market tightness and a strongly downward-
sloping Beveridge curve, similar to the empirical ones.

We also show that rest unemployment and occupational human capital accumulation can ratio-
nalise young and prime-aged workers’ unemployment and reallocation outcomes. Quantitatively,
the model can replicate these workers’ unemployment duration distributions, their average occu-
pational mobility rates, and the positive relationship between the two. Over the business cycle, the
model generates the empirical cyclical volatility of these workers’ job separation and job finding
rates.

A key aspect of our model is that workers with different productivities face different labor
markets within their occupations. Search frictions within these labor markets imply that there is a
non-trivial job separation decision. This results in a job separation productivity cutoff. Because job
separations are privately efficient in this setting, firms do not post vacancies on labor markets below
this separation cutoff. Reallocation decisions are also summarised by a reallocation productivity
cutoff.

The cyclical behavior of our model is determined by the relative position of the separation
and reallocation cutoffs, as well as the rate at which they vary with aggregate productivity. Only
when the separation cutoff is above the reallocation cutoff, search, rest and reallocation unem-
ployment coexist within an occupation. Search unemployment arises in those labor markets above
the separation cutoff. Rest unemployment arises in those labor markets between the separation
and reallocation cutoffs. Workers in labor markets below the reallocation cutoff, move to another
occupation in search for better employment opportunities. How the cutoffs vary with aggregate
productivity then further shapes the response of the three types of unemployment to aggregate
productivity shocks.

To quantitatively evaluate the relative importance of the three types of unemployment, we use



the Survey of Income and Program Participation (SIPP) to generate new evidence on the gross oc-
cupational mobility patterns of the unemployed. We use these mobility patterns together with the
observed duration distribution of unemployment spells, averaged over the entire duration of our
sample, to estimate the main parameters of our model. Namely, the autocorrelation and variance of
workers’ productivity process within an occupation, and a reallocation cost that captures the extent
of reallocation frictions. The calibration yields a persistent productivity process with sizeable inno-
vations (relative to the aggregate productivity process), as well as significant reallocation frictions.
Together they imply that 68% of aggregate unemployment is accounted for by rest unemployment.
Search unemployment accounts for 22% and reallocation unemployment for the remainder 10%.

Rest unemployment is prominent in the calibration because it can reproduce a number of
observed unemployment and occupational mobility patterns in a mutually consistent way, while
search and reallocation unemployment by themselves cannot. First, rest unemployment is fully
able to reconcile the coexistence of large occupational mobility flows and the substantial propor-
tion of long-term unemployment among workers who find a job in their previous occupations.
Second, it allows the model to match the large proportion of unemployed workers who found a job
in their previous occupation, but change occupations after becoming unemployed a second time.
Third, rest unemployment can explain how unemployment incidence is concentrated in a subset of
workers.

Our model is related to the empirical work by Barnichon and Figura (2013), who highlight
the importance of worker heterogeneity across labor markets to understand unemployment fluc-
tuations. Taking as given observed vacancy and unemployment levels, they estimate a matching
function that incorporates (i) dispersion in local labor market conditions such that tight labor mar-
kets coexist with slack ones; and (i1) differences in workers’ levels of employability and search
intensity. They show that both dimensions explain well the fluctuations of the aggregate job find-
ing rate in the US. Our model captures these two dimensions as equilibrium outcomes through its
labor market structure and the existence of search, rest and reallocation unemployment. In addi-
tion, the large gross flows of occupational mobility among the unemployed observed in the data
implies that, in our model, workers’ reallocation decisions generate further job creation responses
that help rationalize the many labor market patterns described earlier.

Robin (2011), Chassamboulli (2013) and Murtin and Robin (2013) have also stressed that
differences in workers’ employability levels are an important driving force behind unemployment
fluctuations. These authors consider time-invariant heterogeneity in workers’ productivities.* In
our model, workers’ productivities change over time and are affected by their reallocation choices.
Rest unemployment arises as an outcome of these reallocation choices and is the main driver of

unemployment fluctuations.

4Other studies have highlighted the importance of firm heterogeneity in explaining unemployment fluctuations.
Recent example are Kaas and Kircher (2012), Lise and Robin (2012), Moscarini and Postel-Vinay (2013) and Coles
and Mortensen (2012). Menzio and Shi (2011) highlight the role of heterogeneity in firm-worker matches.



Wiczer (2013) develops a similar model to ours. He analyses the role of aggregate productiv-
ity and occupation-wide shocks on workers’ reallocation decisions and long-term unemployment.
Here, we do not consider shocks to occupations as a whole, but focus on idiosyncratic shocks to the
worker’s productivity within his occupation.’ These shocks are persistent and affect the worker’s
outcomes both in employment and unemployment, until the worker decides to switch occupa-
tions. Unlike in his model, the interaction between aggregate and idiosyncratic shocks is sufficient
to replicate the overall volatility of cyclical unemployment, while remaining consistent with the
cyclical behavior of long-term unemployment.

Rest unemployment in our model is closely related to the unemployment generated in mismatch
or stock-flow matching models. Shimer (2007), for example, defines mismatch unemployment as
those workers who remain attached to a local labor market even though there are currently no
jobs for them. In stock-flow matching models, as in Coles and Smith (1998), unemployed workers
wait for new jobs to arrive, as existing vacancies do not offer suitable employment opportunities.
Shimer (2007) and Ebrahimy and Shimer (2010) have shown that these types of unemployment
can generate sizeable fluctuations in aggregate unemployment. However, these types of models
typically do not consider workers’ reallocation and job separation flows, and when considered they
are assumed to be exogenous. In contrast, in our model these two margins are endogenous and play
a crucial role in determining rest unemployment and aggregate unemployment fluctuations.

The rest of the paper is organised as follows. In the next section we present our motivating
evidence on occupational mobility. In Sections 3-5 we develop the model and discuss implications
of the theory. Sections 6-8 contain our quantitative analysis and Section 9 concludes. Proofs are

relegated to the Appendix or to the Supplementary Appendix.

2 Occupational Mobility Through Unemployment

A key dimension of the paper is to link the gross occupational mobility of the unemployed
to individual and aggregate unemployment outcomes. We begin our analysis by studying unem-
ployed workers’ gross occupational mobility using the SIPP for the period 1986-2011. Our sam-
ple includes only workers that transition from employment to unemployment and back, without
any transitions into inactivity. We compare each worker’s occupation before and after unemploy-
ment, using ‘major’ (one-digit) occupational groups. We define workers who re-enter employment
in a different occupation as ‘occupational movers’ and workers who do not change occupations
as ‘occupational stayers’. In Appendix C we motivate our focus on gross occupational mobility

through unemployment and relate our findings to the literature on occupational mobility. In the

3>As mentioned earlier, in Appendix C we motivate of this approach. In addition to Wiczer (2013), Pilossoph
(2012) considers a model with search frictions within aggregate industries in which workers reallocation’s decisions
are affected by preferences shocks, but workers choose to which industry to reallocate. Her model has two important
difference with our framework: it assumes exogenous separations and delivers countercyclical reallocations. See also
Mehrotra and Sergeyev (2013) and Dvorkin (2013) for a related approach. Lkhagvasuren (2012) considers a model
with search frictions within geographically distinct labor markets and endogenous mobility across these markets.
However, his focus is on steady-state analysis.



Supplementary Appendix we provide further details of the sample used and the construction of our
occupational mobility measures.

We establish the following new facts. (i) The extent of occupational mobility is high, increases
with unemployment duration and decreases with age. (ii)) A large proportion of occupational
movers and stayers change occupations after a subsequent unemployment spell. (iii) Occupational
mobility of the unemployed is procyclical. As mentioned earlier, our model will show that rest
unemployment is able to reconcile these patterns, while generating realistic cyclical fluctuations of

aggregate unemployment, job separations and long-term unemployment.

Table 1: Proportion of completed unemployment spells ending with an occupation change

Major Occupational Groups
all male female highschool college

young (20 < age <30y) 0.53 0.54 0.1 0.54 0.53
prime (35 <age <55) 045 045 044 0.47 0.45
all working ages 0.50 0.1 0.49 0.52 0.49

The Extent of Occupational Mobility Table 1 describes the proportion of unemployed workers
who found a job in a different occupation for various demographic groups. It shows that work-
ers are, on average, equally likely to stay in their occupations or to change occupations after a
spell of unemployment.® We also find that, across gender and educational levels, the proportion of

occupational movers is higher for young than for prime-aged workers.

Proportion of (Future) Occupation Movers
in the stock of unemployed with given unemployment duration
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Figure 1: Extent of occupational mobility by unemployment duration

Figure 1 shows that the proportion of occupational movers increases moderately with unem-

ployment duration (though this relation becomes non-monotone close to 12 months duration). As

®As argued in more detail in Appendix C, we find that the extent of occupational mobility is high in all major
occupational categories and is not driven by a subset of them.



a result, the proportion of workers who will be occupational stayers remains substantial, even at

long unemployment durations.

Repeat Mobility From all those occupational stayers that became unemployed once again, we
find that 38% of these workers change occupations after concluding their second unemployment
spell. This percentage is lower for prime-aged workers (35%) and higher for young workers (44%).
Likewise, from all those occupational movers that became unemployed once again, we find that
56% of these workers moved yet to another occupation. This percentage is also lower for prime-

aged workers (54%) and higher for young workers (62%).
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Figure 2: Moving average of the growth rate of output per worker and the log series of C'm

Business Cycle Patterns Finally consider the cyclical behavior of the proportion of occupational
movers in the outflow from unemployment, C'm. Figure 2 shows a (centered) 5-quarters moving
average of (log) C'm together with the growth rate of output per worker. It shows that the occupa-
tional mobility of the unemployed is procyclical, it tends to be higher when the economy is growing
faster. Its correlation with the growth rate of output per worker is 0.36. Table 2 confirms this ob-
servation. It shows the volatility and autocorrelation of the cyclical components of the (log) C'm,
as well as its correlations with the cyclical components of the job finding rate ( f), unemployment
rate (u), output (Y) and output per worker (1) series.’

We now construct a model in which the option for unemployed workers to reallocate to different
occupations affects their individual unemployment outcomes. When aggregating these individual
unemployment outcomes, the model will produce implications for the cyclical behavior of key

unemployment statistics, such as those discussed above.

Carrillo-Tudela, Hobijn and Visschers (2014) analyse data from the Current Population Survey, and likewise find
procyclicality in the occupational mobility of the unemployed. Details on the construction of Table 2 can be found in
the Supplementary Appendix.



Table 2: Composition and outflow rates of movers/stayers over the business cycle

Cm f u y Y
Standard Deviation 0.028 0.097 0.129 0.009 0.016
Autocorrelation 0.850 0.928 0.966 0.695 0.871
Corr. w/ output/worker  0.256  0.453 -0.524 1.000 0.834
Correlation w/ u -0.255 -0.773 1.000 -0.524 -0.816
3 Model
3.1 Framework
Time is discrete ¢t = 0,1,2,... There is a finite number of occupations indexed by o =
1,...,0. Within each occupation there is a mass of infinitely lived, risk-neutral workers. At any

time ¢, within an occupation workers differ in two components that are occupation specific: an id-
iosyncratic productivity, z;, and occupational human capital, ;.2 Workers’ z-productivities evolve
over time following a common first-order stationary Markov process, where F'(z;,1|2;) denotes
its transition law and z;, 2,11 € [2,Z], z > 0 and Z < oo. The z-productivity realizations affect
a worker both in employment and in unemployment within his occupation. Workers accumulate
occupational human capital through learning-by-doing. In any period ¢ an employed worker with
human capital level x;, increases his human capital to x;,; with probability x(zp41|xp), where
X(@pia|zn) = 1 = x(zp|zn), on < Tpe1, h=1,..., H and x5 < oo. For simplicity, a worker’s
human capital does not depreciate with unemployment.” Any unemployed worker receives b each
period.

There is also a mass of infinitely lived risk-neutral firms within an occupation. All firms are
identical and operate under a constant return to scale technology, using labor as the only input.
Each firm consists of only one job that can be either vacant or filled. The output of a worker
with current productivity z; and human capital z;, in any firm is given by the production function
y(pe, 21, xp), where p, denotes aggregate productivity. We assume p; follows a first-order stationary
Markov process with p; € [p,p], p > 0 and p < oo. The production function is strictly increasing

in all of its arguments and it is continuous differentiable in the first two. All agents discount the

8 A worker’s idiosyncratic productivity captures occupation match-specific, industry and location components that
determine this worker’s productivity in his occupation and are orthogonal to occupational human capital. For example,
it captures that the productivity of a chemical engineer working in the photo industry in Rochester, US, can differ from
the productivity of another, equally experienced, chemical engineer working in the oil industry in Texas, US. Further, a
worker’s idiosyncratic productivity can change over time as a result of the evolution of the occupation match-specific,
industry and location components.

9An implication of this assumption is that unemployed workers’ reallocation decisions will be determined by
the evolution of their z-productivities and not by the depreciation of their occupational human capital. This seems a
reasonable abstraction in light of Figure 1, which suggests that occupational human capital depreciation does not have
a prominent role in determining unemployed workers’ reallocation decisions. If it had, we would observe young and
prime-aged workers’ occupational mobility rates converge at long unemployment durations. This is because human
capital depreciation has a bigger impact on experienced workers relative to inexperienced workers, who have little
human capital. In this figure, however, the difference between young and prime-aged workers’ mobility rates hardly
varies with unemployment duration.



future at rate [3.

Matching A key assumption is that workers with different pairs (z, 2 ) do not congest each other
in the matching process. This assumption allows us to study business cycle behavior in a tractable
way. As a result, an occupation is segmented into many labor markets, one for each pair (z, zy).
Each labor market (z, z;) has the DMP structure. A constant returns to scale matching function
governs the meetings of unemployed workers and vacancies within each market. We assume that
all labor markets have the same matching technology. Each of these labor markets exhibits free
entry of firms, where posting a vacancy costs k per period.'® When the z-productivity of an unem-
ployed worker with human capital x;, changes to 2/, the relevant labor market for this worker would
become (z’, z). Should an employed worker become unemployed the relevant labor market would
be the one associated with his current z-productivity and human capital level ;. Match break-up
can occur with an exogenous (and constant) probability §, but can also occur if the worker and the
firm decide to do so. Once the match is broken, the firm has to decide to reopen the vacancy and
the worker stays unemployed until the end of the period. In what follows we will often refer to 2

as the worker’s labor market conditions, keeping the dependence on human capital implicit.

Reallocation Unemployed workers can also reallocate and search for jobs in a different occu-
pation. The key assumption here is that workers do not know ex-ante the specific labor market
conditions they will face in a new occupation and need to spend time and resources to find this out.
A worker rationally expects that his labor market conditions in another occupation are drawn from
a distribution F'(z). Reflecting the dominant importance of idiosyncratic factors in gross occupa-
tional mobility, we abstract from occupation-wide differences driving gross mobility and assume
that the ex-ante expected F'(z) is the same for all occupations. In Appendix C we present evidence
that motivates this assumption.

In particular, after paying a cost ¢, a worker realizes his z-productivity in a new occupation as
a random draw from F'(z), which we take to be the ergodic distribution associated with the afore-
mentioned Markov process F'(z;11|z;). After observing his new z-productivity, the worker must sit
out one period unemployed before deciding whether or not to reallocate once again. For simplicity,
we assume no recall of z-productivities once the worker has left his occupation. Reallocation also
involves the loss of a worker’s accumulated human capital. The worker starts with human capital
x7 in the new occupation. A worker’s z-productivity and occupational human capital then evolve

as described above. Without loss of generality, we assume that each occupation has a 1/(O — 1)

19Barnichon and Figura (2013) present evidence showing that the segmented labor market assumption provides
a better representation of the matching process, compared to the aggregate labor market approach typically found in
the search and matching literature (see Pissarides, 2001). One can obtain this labor market structure as an equilibrium
outcome of a competitive search model in which firm post wage contracts in different sub-markets, each to attract
unemployed workers with different productivities. Within a sub-market, a matching function then determines the
meetings of workers and firms.



probability of being sampled.!! In Section 8.2 we further discuss the motivation behind assuming
random search across (o0, z) pairs.

We highlight that our model exhibits positive gross mobility and zero net mobility across occu-
pational groups. Reallocations are driven by a stationary shock process to workers’ idiosyncratic
productivities within an occupation, its interaction with human capital accumulation and aggregate

productivity shocks.

Timing and state space The timing of the events is summarised as follows. At the beginning
of the period the new values of p, z and x;, are realised. After these realisations, the period is
subdivided into four stages: separation, reallocation, search and matching, and production. Let &,
denote the joint productivity distribution of unemployed and employed workers over all occupa-
tions in period t. Let Stj denote this distribution at the beginning of stage j. The state space for
a worker currently characterised by (z;, z;,) at the beginning of stage j is described by the vec-
tor Qi = {esy, 04, D1, 21, Th, Etj }, where es; captures the worker’s employment status and o; his
occupational attachment.

We can show that the equilibrium decision rules have a relevant state space described solely
by {p:, 2, x,} and workers’ employment status. To keep notation complexity to a minimum,
we present the agents’ decision problems and the laws of motion of unemployed and employed
workers using this state space. Note that {p;, z;, z } are sufficient statistics for the evolution of a
worker’s productivity within his current occupation, and hence without loss of generality we can
drop the occupational index, o;, from a worker’s labor market and from his decision problems. To
further simplify notation we leave implicit the time subscripts, denoting the following period with

a prime.

3.2 Agents Decisions

Worker’s Problem Consider an unemployed worker currently characterised by the pair (z, x,)
in occupation o. The value function of this worker at the beginning of the production stage is given
by

WU(p7Z,§Eh) :b+/8EP’,Z’|: max {p(p/,z/,xh)[—c—l—/ WU(p/727x1>dF(5):|+ (1)

p(p/,Z/,I}L)
(1= plp', ) [MOW, 2/, 5 WP, 2 ) + (1= MO, 2, o)WY (0,2, )| }} ,
where 6(p, z, x,) denotes the ratio between vacancies and unemployed workers currently in labor

market (z, z;) and A(.) the associated job finding probability. The value of unemployment consists

of the flow benefit of unemployment b, plus the discounted expected value of being unemployed

"Our assumptions imply each occupation has the same size, set of z-productivities and probability of being chosen.
One can make occupations differ in terms of their size, by changing the sampling distribution of occupations according
to the transition matrices reported in the Supplementary Appendix without affecting our results.



at the beginning of next period’s reallocation stage, where p(p/, 2’, x;,) takes the value of one when
the worker decides to reallocate and zero otherwise. The term —c+ fj WUY(p', z, 21)dF(Z) denotes
the expected net benefit of reallocating and sampling a new productivgty Z in a different occupation.
It is through this term that expected labor market conditions in other occupations affect the value
of unemployment, and indirectly the value of employment, in the worker’s current occupation.
The reallocation decision is captured by the choice between the expected reallocation gains and
the expected payoff of remaining in the current occupation. The latter is given by the expression
within squared brackets in the second line of the above equation.

Now consider an employed worker currently characterised by the pair (z, zj) in occupation o.
The expected value of employment at the beginning of the production stage given wage w(p, z, )

is described by

WE(p,Z,$h) = w(p,Z,xh)

2)

+ BEP/72/7$/ max ){(1 - d(pla 2/7 x,))WE(pla ZI? .CL'/) + d(plv 2/7 x/)WU(pla Z/a .I'/)} )

d(p/ 72/7(‘0/

where =/ = xy, if this worker does not increase his human capital and x’ = x; if he does. The
second term describes the worker’s option to quit into unemployment in next period’s separation
stage. The job separation decision is summarised in d(p’, 2/, '), such that it take the value of &

when WE(p/, 2’ 2') > WY(p, 2/, 2') and the value of one otherwise.

Firm’s Problem Consider a firm posting a vacancy in labor market (z,x;) at the start of the

search and matching stage. The expected value of a vacancy solves the Bellman equation

V(p,z,xn) = =k + q(0(p, z,21)) J(p, 2, xn) + (1 — q(0(p, z,21)))V (p, 2, z4), 3)

where ¢(.) denotes firms’ probability of finding an unemployed worker and J(p, z, xj,) denotes the
expected value of a filled job. Free entry implies that V (p, z, z;,) = 0 for all those triples (p, z, )
that yield a 0(p, z, z;,) > 0, and V (p, z, z;,) < 0 for all those (p, z, ;) that yield a §(p, z, z;,) < 0.
In the former case, the free entry condition simplifies (3) to k = q(0(p, z, x))J (p, z, x1).

Now consider a firm employing a worker currently characterised by the pair (z,zj) at wage

w(p, z, ). The expected lifetime discounted profit of this firm can be described recursively as

‘](pazaxh) = y(pa Z,.Th) _w<p727$h) (4)
+ BEy [ (max : {(1 —o(p, NI, 2 )+ o, YV, 2, x’)}} ,
o(p',2'x’

where o(p/, 2/, 2’) takes the value of & when J(p/, 2/, 2') > V(p/,2',2') and the value of one
otherwise. Further, 2’ = x;, if the worker does not increase his human capital and *’ = x4 if he

does.
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Wages We assume that wages are determined by Nash Bargaining. Consider a firm-worker match
currently associated with the pair (z, ;) such that it generates a positive surplus. Nash Bargaining

implies that the wage, w(p, z, x1,), solves

(1= @) (WE(p, 2,00) = WY (p, z,m)) = (I (b, 2,00) = Vb, 2, 0)), )

where a € [0, 1] denotes the worker’s exogenous bargaining power.

In what follows we impose the Hosios (1991) condition, such that 1 —a = n(6(p, z, z) ), where
n(.) denotes the elasticity of the job finding probability with respect to labor market tightness.
This guarantees that firms post the efficient number of vacancies within labor markets. It will also

guarantee that our decentralised economy is efficient as shown below in Proposition 2.

3.3 Worker Flows

The evolution of the number of workers is a result of optimal vacancy posting, and separation
and reallocation decisions. Their evolution can be summarised by the following difference equa-
tions. The number of unemployed workers characterised by (z, x},) in occupation o at the beginning

of next period is given by

ul(z,zp)dz = /Z(l —XO(p, 2, 20))) (1 — p(p, 2, xp) )uo(Z, xp)dF (2|2)dZ (6)

s [ o zmen o) |2z

LoeE o q]dF(2)
+ (1p=) [Z Z [/Z p(p, 2, ) us(Z, mh)dzH o1
o#0 h=1 7%

The first term refers to all those workers in labor markets (Z, x;,) that remained unemployed in
occupation o during the current period and changed to (z, x;,) at the beginning of the next period.
Conditional on staying in occupation o, this term captures those workers that did not find a job.
This could be because no jobs were posted and \(6(p, z, z5)) = 0, or because they were unlucky
and did not meet any new vacancies when \(0(p, z,z;,)) > 0. The second term refers to those
employed workers in labor markets (Z,xy) that became unemployed and changed to (z,x;) at
the beginning of the next period. By assumption, these workers do not participate in either the
reallocation or matching stages and do not increase their human capital. The third term refers to
all those unemployed workers in different occupations that sampled z and o when reallocating.'?
Since reallocation re-sets occupational human capital, the indicator function 1,_, takes the value

of one when the labor market (z, x5,) is associated with x; and zero otherwise.

12To derive this term we have assumed that when a worker samples a new z in a different occupation, he arrives
to the new occupation at the start of the following period. This assumption is made purely for convenience. It is made
without a loss of generality since there are no decisions taken during the production stage and workers draw new z in
an i.i.d fashion.
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The number of employed workers characterised by (z, x;,) in occupation o at the beginning of

the next period is given by

e (z,xp)dz = x(xp|xn) /Z AO(p, Z,2)) (1 — p(p, Z, 1) )uo(Z, xp)dF (2| 2)dZ (7)

+ ) / (1 d(p, 2, ), ) dF(2]2)d5

z

+ (1h>1)[x(:chyxh,l) / Z(l—d(p,é,xh1))60(§,xh1)dF(z]2)d£].

The first term describes those unemployed workers in labor markets (Z, x;,) that found a job in their
same occupation o, did not increase their human capital and changed to (z, x5,) at the beginning of
the next period. The second term describes those employed workers in occupation o that did not
transit to unemployment or increased their human capital, and changed to (z, x;,) at the beginning
of the next period. The third term describes those employed workers in occupation o that increased
their human capital from xj_; to xj, and changed to (z, x;,) at the beginning of the next period.
The indicator function 1, takes the value of one when the labor market (z, ) is associated with

a value of x;, > x; and zero otherwise.

4 Equilibrium

We focus on equilibria in which the value functions and decisions of workers and firms in any
occupation only depend on {py, z;, z,} and workers’ employment status. In this type of equilibria
outcomes can be derived in two steps. In the first step, decision rules are solved independently
of the distribution &, using (1)-(4). Once those decision rules are determined, we fully describe
the dynamics of &, using the workers’ flow equations, (6) and (7). Given this recursive structure,
we label this type of equilibrium ‘block recursive’, borrowing the term from the directed search
literature (see Menzio and Shi, 2011). We relegate all the proofs of this section to Appendix A.

Definition A Block Recursive Equilibrium (BRE) is a set of value functions WY (p, z, z1,), W (p,
J(p, z, xp), workers’ policy functions d(p, z, z3), p(p, z, x) (resp. separation and reallocation de-
cisions), firms’ policy function o(p, z, z;,) (layoff decision), tightness function 6(p, z, z;,), wages
w(p, z, xy), laws of motion of p, z and x;, for all occupations, and laws of motion for the distribution
of unemployed and employed workers over all occupations, such that: (i) the value functions and
decision rules follow from the firm’s and worker’s problems described in (1)-(4); (ii) labor market
tightness 6(p, z, x;,) is consistent with free entry on each labor market, with zero expected profits
determining 0(p, z, z;,) on labor markets at which positive ex-post profits exist; 6(p, z, z,) = 0
otherwise; (iii) wages solve (5); (iv) the flow equations (6) and (7) map initial distributions of
unemployed and employed workers (respectively) over labor markets and occupations into next

period’s distribution of unemployed and employed workers over labor markets and occupations,
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according to the above policy functions and exogenous separations.

Existence Consider the labor market characterised by (z, xj,) in occupation o. Let M (p, z, x,) et
WE(p, z,x3) + J(p, z, z5) denote the joint value of the match and consider the operator 7" that
maps the value functions M (p, z, z,) and WY (p, 2, x;,) into the same function space, where T is
formally defined in Appendix A. To simplify the analysis that follows, we assume a Cobb-Douglas
matching function as it implies a constant elasticity of the job finding probability with respect to 6.
Abusing notation slightly, let such an elasticity be denoted by 7.

A fixed point of the mapping 7' describes the problem faced by unemployed workers and firm-
worker matches currently in this labor market. Further, since the identity of the occupation does
not affect the value functions M (p, z, x,) or WY (p, 2, x3,), a fixed point of T also describes the
problem faced by agents in the decentralised economy. The task is to find a fixed point in two
dimensions (M (p, z,x1), WY(p, z, z1,)), taking into account endogenous job separations and en-
dogenous reallocations. These reallocations involve workers randomly sampling (o, z) pairs, mak-
ing a decision to stay in an occupation with good enough labor market conditions for them. Thus,
in our model reallocating workers cannot direct their search towards a particular labor market.
However, the problem remains tractable because an unemployed worker does not carry his pre-
vious (o, z) pairs when reallocating. As a result, firms in a given labor market meet unemployed
workers who all have the same outside option. Together with free-entry and constant returns to
scale in production and matching, this means that tightness in any given labor market is pinned
down independently of the distribution of workers, £.

Assumption 1. F(Z/|2) < F(Z/|2), forall z,2" if z > Z.

In the proof of Proposition 1 we use this assumption to show that the operator 7" is a con-
traction that maps M (p, z,x;) and WY (p, 2, x;,) that are increasing in 2 into itself. Given this
result and the Banach’s Fixed Point Theorem, a unique fixed point (M (p, z, 1), WY (p, z, z1,))
of the mapping 7' exists. We can then derive all equilibrium value functions and decision rules
from this fixed point. We have the following: W¥(p, z,2,) = M(p,z,z,) — J(p, z, ;) and
J(p,z,2) = n(M(p, z,21) — WY(p, z,21)) = k/q(0(p, 2, 1,)). This implies that WE(p, 2, x;,),
J(p, z,x1,) and O(p, 2, x1,) can be constructed from M (p, z, z,) and WY (p, z, ;). By completing
these steps we have existence and uniqueness of a block recursive equilibrium which are ‘inherited’

from the existence and uniqueness of the fixed point of the mapping 7'.
Proposition 1. A BRE exists and it is the unique equilibrium.

Using the mapping 7" and the insights of Proposition 2, below, we also show the more general

uniqueness proof.!?

3To derive the properties of 7' and existence and uniqueness of a BRE we do not require the Hosios (1991)
condition to hold within labor markets. However, this condition in needed to prove efficiency and hence that the BRE
identified here is also the unique equilibrium in the class of recursive equilibria.

13



Efficiency The social planner, currently in the production stage, solves the problem of maximis-
ing total discounted output by choosing separations, reallocations, and vacancy creation decisions

for each pair (z, z) across all occupations, at any period ¢. Namely,

max [Z 5t22/ Uot (2, Th)b + €01(2, Th)Y(Dt, 2, Tn) — (cp( o i(z, Th) + kvoyi(.))] dz

{d()p()0() p e

subject to initial conditions (pg, &), and the laws of motion (6) and (7). The planner’s choices
depend on the entire state space {p;, z;, T, &}, where v, (pr, 2, 23, &) denotes the number of
vacancies posted in the labor market (z, 2, ) in occupation o at time ¢. Labor market tightness is then
given by 6,.(pr, 2, T, &) = Vot (Pes 2, Th, &) /(1 — p(pry 2, Thy ) o (2, ). As with tightness,
the planner’s choice variables p(py, z, x5, &) and d(py, 2, xp, &) are continuous choice variables in
[0, 1]: the planner can decide on the proportion of workers in labor market (z, ;) to separate or

reallocate.
Proposition 2. The equilibrium identified in Proposition 1 is constrained efficient.

We use the entire state space to show that the solution to the planner’s problem in the general
state space coincides with the solution to the decentralised economy problem in the space (p, z, ).
Therefore, the planner’s decisions (when considering 6(.) instead of v(.)) only depend on (p, z, )
and not on £. The social planner’s value functions are linear in the number of unemployed and
employed on each labor market. The remaining dependence on p, z and x;, is the same as the one
derived from the fixed point of 7". The key remaining step is to ensure that a worker’s value of
reallocation coincides with the planner’s value of reallocating this worker. Given this, the outcome
at the matching stage is also efficient because we imposed the Hosios’ (1991) condition. It then

follows that the cyclical pattern of workers’ occupational mobility in the model is also efficient.

5 Implications

We now turn to explore the main implications of our theory: the occurrence of rest unemploy-
ment and the cyclicality of workers’ reallocations and job separations. To keep the intuition as
clear as possible we study a version of our model without occupational human capital accumula-
tion, setting x;, = 1 for all h. This implies that, within an occupation, workers differ only by their
idiosyncratic productivity, 2z, and labor market segmentation is done along this dimension. Agents’
value functions are still given by equations (1)-(4), but now with state space