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Abstract

This paper examines how employer- and worker-specific productivity
shocks transmit to earnings and employment in an economy with search
frictions and firm commitment. We develop an equilibrium search model
with worker and firm shocks and characterize the optimal contract offered
by competing firms to attract and retain workers. In equilibrium, risk-
neutral firms provide only partial insurance against shocks to risk-averse
workers and offer contingent contracts, where payments are backloaded
in good times and frontloaded in bad times. We prove that there ex-
ists a unique spot target wage, which serves as an attraction point for
smooth wage adjustments. The structural model is estimated on matched
employer-employee data from Sweden. The estimates indicate that firms
absorb persistent worker and firm shocks, with respective passthrough
values of 27 and 11%, but price permanent worker differences, a large
contributor (32%) to variations in wages. A large share of the earnings
growth variance can be attributed to job mobility, which interacts with
productivity shocks. We evaluate the effects of redistributive policies
and find that almost 40% of government-provided insurance is undone
by crowding out firm-provided insurance.
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1 Introduction

Firms play an influential role in determining the level of earnings and employ-
ment risk for their workers when designing job contracts (Knight (1921)). Em-
pirical work suggests that they only partially insure their workforce against
productivity shocks (Guiso, Pistaferri, and Schivardi (2005)). Understanding
wage setting and contract formation is then central to key questions in eco-
nomics, including the sources of earnings uncertainty, the implications of job
mobility and the effectiveness of government insurance.

The theory of dynamic contracts provides a foundation for the use of long-
term agreements between firms and workers (Harris and Holmstrom (1982),
Thomas and Worrall (1988), Holmstrom and Milgrom (1991)). However, com-
bining optimal contracts with equilibrium models of job mobility with search
frictions is challenging, both theoretically and empirically. Such contracts do
not always admit closed-form solutions (Abreu, Pearce, and Stacchetti (1986)),
and history dependence makes identification difficult. In fact, the empirical
literature on earnings and employment dynamics is often silent about whether
and how firms endogenously set the level of risk for their workers.

In this paper, we characterize the optimal contract in an equilibrium search
model with risk-averse workers who lack the ability to commit, and both in-
dividual and firm-level productivity shocks. We establish a tractable solu-
tion and conditions for the non-parametric identification of the productivity
processes. The model is parameterized and estimated on Swedish matched
employer-employee data. Using the estimates, we first examine different in-
surance channels and how they interact with incentives for workers. We then
quantify the relative variance contribution of different sources of uncertainty
to wages and how large the passthrough of productivity shocks to workers is.

Finally, we measure the effectiveness of government policies aimed at reducing



earnings uncertainty by redistributing from high to low earners.

We develop a structural model with search frictions and one-sided lack of
commitment on the worker side. Search is directed and risk-neutral, ex-ante
homogeneous firms post dynamic contracts to attract workers in different sub-
markets.! Workers are heterogeneous in skills and risk-averse. They search in
the submarket that offers the best trade-off between expected utility and job-
finding probability. While firms can commit, workers cannot. In particular,
firms are able to credibly promise to insure their workers even when making fu-
ture losses. In contrast, the choices workers make over which market to search
on the job and how much effort to put into retaining a job are unobservable
and non-contractible (Shi (2009), Tsuyuhara (2016)). This creates a monitor-
ing problem with decision margins on transitions to both unemployment and
other jobs. As a result, dynamic contracts optimally balance the incentives for
search and effort with the provision of insurance against shocks. In this model,
firms flexibly specify wages for each future productivity path, rather than set-
ting fixed piece rate wages or Nash bargaining contracts, which impose shock
transmission by construction. The model thus offers a framework for studying
the passthrough of individual- and firm-level productivity shocks to wages and
mobility decisions.

We prove the existence of an equilibrium and show that the optimal con-
tract features backloading of wages at the time of hiring (like in Stevens (2004),
Burdett and Coles (2003), Shi (2009), Tsuyuhara (2016)) as well as frontloading
of wages in bad times (similar to the optimal unemployment benefits in Hopen-
hayn and Nicolini (1997)). Workers do not internalize the full future surplus
of the match when choosing how much effort to exert and where to search.

The firm thus chooses to “tilt” the wage profile to appropriately incentivize the

!The pioneering work in directed search is due to Montgomery (1991), Peters (1991), Moen
(1997), Shimer (2005), Burdett, Shi, and Wright (2001) as well as Menzio and Shi (2010),
which this paper builds on.



worker. We prove that there exists a unique spot target wage, which serves as
the attraction point for these smooth wage adjustments. The existence of the
target wage has several implications. First, since the target wage can lie below
the current wage level in equilibrium, wage cuts occur on the job despite firm
commitment. Second, since the target wage is a function of worker and firm
productivity, wages respond to both worker- and firm-specific shocks, in keeping
with the empirical literature (Guiso, Pistaferri, and Schivardi (2005), Friedrich,
Laun, Meghir, and Pistaferri (2019), Card, Cardoso, Heining, and Kline (2018)).
This is an important departure from a competitive market, where earnings equal
marginal productivity and do not respond to firm-level shocks.

We develop conditions for the identification of the productivity processes and
the production function. Independence between worker and firm shocks enables
us to separate them using coworkers’ earnings, and the Markov property of the
contract allows us to rely on results for hidden Markov chains (Hu and Shum
(2012)). Solving for the optimal contract is challenging. To achieve tractabil-
ity, we not only use promised utility as an additional state (Spear and Srivas-
tava (1987)), but also show that it is sufficient to solve for a single promised
marginal utility across all realizations of future productivity (Marcet and Mari-
mon (2019)). The model is estimated in general equilibrium on administrative
employer-employee data from Sweden. Using simulated methods of moments,
we match transition rates, earnings dynamics and the comovement of firm out-
put with both worker earnings and mobility.

Our impulse response analysis reveals that the contract provides partial
insurance, especially against negative shocks, and strongly relies on job mobility
to stabilize wages after negative shocks to firm productivity. We compare the
baseline model to a first best contract, where firms offer perfectly flat wages,
which highlights the fact that wage backloading in good times only happens in

the presence of commitment and incentive issues.



To quantify different sources of wage uncertainty, we decompose the variance
of earnings and earnings growth into structural components. We find that the
time-varying worker and firm shocks contribute much more to variability in
output than earnings, suggesting that firms provide substantial insurance to
workers. In contrast, firms barely attenuate permanent productivity differences
between workers, the largest contemporaneous contributor (32%) to variation in
wages across workers. We also find that most (86%) of the variance in earnings
growth is associated with worker transitions in and out of employment, which
interact with productivity shocks.

We expand on the conventional definition of passthrough to account for three
additional factors. First, we consider persistent shocks spanning a long time
horizon in contrast to strictly transitory or fully permanent shocks. Second,
since shocks alter job transitions, we account for the effects on workers after
they change jobs. Third, in addition to looking at wage effects, we extend our
analysis to consider the impacts on the lifetime utility of the worker. Based on
our preferred specification, we estimate passthrough values of 27 and 11% in
response to worker- and firm-level productivity shocks, respectively.

Finally, we look at how efforts by the government to provide public insurance
to workers are eroded by firms, who optimally raise the passthrough of shocks
to earnings in response to such policies. A revenue-neutral tax policy that
redistributes income from high to low earners achieves only 60% of its direct
insurance effect because it crowds out insurance provision by the firm. These
findings demonstrate how accounting for firms’ decisions to provide insurance

can have important implications for the anticipated efficacy of public policies.

Related literature. There is an important theoretical literature on long-term
contracts between firms and workers. Baily (1974) and Azariadis (1975) study
long-term contracts with commitment and develop the insurance role of the

firm. Harris and Holmstrom (1982) derive the optimal contract when workers



cannot commit and find that positive shocks pass through to worker earnings.
Thomas and Worrall (1988) extend this work by looking at lack of commitment
by both workers and firms in the presence of rents. MacLeod and Malcomson
(1989) develop the implications of non-verifiable output. Building on this work,
we include search frictions into the analysis of long-term contracts.

In the frictional search literature, Stevens (2004), Burdett and Coles (2003)
and Shi (2009) derive optimal wage-tenure contracts and show the presence
of backloading in the absence of shocks. Tsuyuhara (2016) introduces effort
to control job destruction and derives similar conclusions. Lentz (2013) devel-
ops the optimal wage-tenure contract when firms can respond to outside offers.
Menzio and Shi (2010) introduce aggregate and match shocks and develop the
block-recursive properties of directed search equilibria, i.e. that the aggregate
distribution does not enter the state space of the firm. Our paper complements
theirs by theoretically and empirically characterizing the link between wages
and productivity. Schaal (2017) develops the incentive-compatible contract in
a directed search environment with risk-neutral workers. Rudanko (2009) de-
rives and evaluates the optimal contract with two-sided lack of commitment
and aggregate shocks in a model without on-the-job search or private actions.
Abrahém, Alvarez-Parra, and Forstner (2017) study a contract with moral haz-
ard in production and its implications for cross-sectional wage dispersion. To our
knowledge, the current paper is the first to characterize the optimal long-term
contract offered in equilibrium by firms in an economy with search frictions,
on-the-job search, firm and worker shocks and risk-averse workers.

This paper contributes to the growing empirical literature analyzing how
firm shocks are transmitted to worker earnings. Guiso, Pistaferri, and Schivardi
(2005) are the first to document the wage effects of permanent and transitory
firm shocks, using Italian data. Carlsson, Messina, and Nordstrom Skans (2014)

find similar estimates using detailed information on product prices in Sweden.



In Friedrich, Laun, Meghir, and Pistaferri (2019), the authors estimate a model
with exogenous earnings dynamics, including firm-level shocks, and endogenous
mobility decisions. Roys (2016) uses firm-level data to study the link between
firm shocks, wage bills, and employment in a model where wages are set by Nash
bargaining. We extend this literature by endogenizing the level of insurance that
firms offer workers.

Our analysis fits into a wider empirical literature that uses search models
to understand wage dispersion and mobility. Postel-Vinay and Robin (2004),
Bagger, Fontaine, Postel-Vinay, and Robin (2014) and Lise, Meghir, and Robin
(2016) estimate models of earnings with risk-neutral workers and sequential
contracting. We extend this literature and use matched employer-employee data
to estimate a search model with optimal contracting and risk-averse workers.

Two papers have empirically assessed the presence of optimal contracts. Chi-
appori, Salanie, and Valentin (1999) directly investigate the presence of down-
ward rigidity in wages over time, while Lemieux, MacLeod, and Parent (2009)
study the presence of performance pay contracts and their contribution to the
rise in earnings inequality in the US. We complement this work by introducing
search frictions.

Finally, this paper also relates to the large empirical literature on earnings
and employment dynamics. MaCurdy (1982), Abowd and Card (1989), Meghir
and Pistaferri (2004) and Altonji, Smith, and Vidangos (2013) document the
importance of persistent shocks in the process of earnings and employment using
longitudinal data. Hall and Mishkin (1980), Blundell, Pistaferri, and Preston
(2008) and Low, Meghir, and Pistaferri (2010) evaluate how income shocks affect
consumption and how these effects are mitigated by government transfers. In
this paper, we extend this work by showing how the earnings process itself might
change due to optimal responses by firms in contexts where governments insure

workers against earnings risks.



Outline. Section 2 presents the equilibrium search model and Section 3
characterizes the optimal contract. In Section 4, we describe the model imple-
mentation, the data, moment selection and the estimation strategy. In Section

5, we analyze the results and report the effects of a redistributive tax policy.

2 The contracting model

This section presents an equilibrium search model that examines the extent to
which risk-neutral firms use employment contracts to provide partial insurance
for risk-averse workers in the presence of firm-level and worker-specific produc-
tivity shocks. In this model, workers can search on the job, search is directed,
and firms compete to create vacancies and offer dynamic contracts to attract
applicants. While firms can commit to contracts, workers cannot. In particular,
workers’ choices about which market to search and the level of effort to put into

retaining their jobs are unobservable and hence non-contractible.

2.1 Environment

Agents and preferences. Time is discrete, indexed by ¢ and continues forever.
The economy is composed of a discrete uniform distribution of infinitely-lived
workers with ability indexed by z; € X={x1,xs...x,,, } and evolving over time
according to a Markov process. Workers enjoy utility over consumption, cap-
tured by the increasing and concave utility function u : R — R, and pay a utility
cost of effort ¢ : R — R, where ¢(0)=0, ¢’ € [0,¢], ¢'(0)=0,¢">0. Lacking access
to asset markets, employed workers consume their wages w; and unemployed
workers receive unemployment benefits b(x;).2 Workers maximize the expected

sum of utility from consumption less effort, discounted at a factor 5.

2 Although introducing worker savings would be an interesting additional feature, it drasti-
cally complicates the problem, both theoretically and numerically. Introducing hidden savings
is an active area of research in principal-agent environments (see e.g. Abrahadm and Pavoni
(2008), Attanasio and Pavoni (2011)).



The employer side of the market is composed of a uniform distribution of
ex-ante identical firms indexed by j € [0, 1]. Firms produce output, pay wages
and post job vacancies. A given firm employs a mass of workers l;,(x, z;), where
each worker has her own productivity x; and job-specific match quality z;. The

firm produces total output Yj; using a constant-returns-to-scale technology:
}/jt :Zzljt(x7z)f(x7z>7 (1)

where f(x4, z;) is the output of a worker of type x; in a match of quality z.

The discrete match quality z; € Z evolves over time according to a monotonic
transition rule z,.1=g¢(%, v;;) and is governed by firm-level productivity shocks
vjt. In every period, a firm experiences only one firm-wide productivity shock
vj but has a distribution of match qualities and worker types. At each z; and
z; the firm pays a distribution of wages w;, which is set dynamically.

Each firm chooses how many vacancies to post at a unit cost k. The vacancies
are viable for one period and become active jobs if they match with a worker.
New hires start with a match quality 2z;41=g(z0,v;:) for some fixed z5.> The

objective of the firm is to maximize the present value of profits.

Labor market. The matching process between workers and firm vacancies is
constrained by search frictions. The labor market is organized in a set of sub-
markets indexed by (x;,v;) € XXV, where v; € V=[v, 7] is the value promised
to the worker in that submarket. The promised value v; equals the expected
lifetime utility for a worker of type x; who matches with a firm in submarket
(x4,v;). Firms choose the submarkets (z;,v;) where they open vacancies and

workers direct their search to any v; queue associated with their own type z;.*

3A fixed zy guarantees that firms are ex-ante identical, which simplifies the solution.

4Theorem 3 in Menzio and Shi (2011) reveals that workers will separate by type in equi-
librium if markets are indexed by the value that each type z; gets in a particular submarket
v=(v(z1),v(22)..v(x,,)) € R, and workers can apply to any submarket. In equilibrium
only a given type x; visits a particular market. This market can then be represented directly
by (x¢,v¢), as done in the current paper.



Figure 1: Within-period time line
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Within each queue the matching between firms and workers is random.

Each submarket displays a tightness represented by the function 6 : XXV —
R, which is the ratio of the number of vacancies to the number of workers.
Tightness is queue-specific, which means that in queues with a high ratio of
vacancies to workers it is harder for firms to hire, and different worker types
find jobs at different rates. In queue (zy,v;) a worker of type x; matches with
probability p(6(x¢, v;)) and a vacancy is filled with probability ¢(6(z;, v)). The
job finding probability p(6) € [0, 1] is assumed to be twice continuously differ-
entiable, strictly increasing and strictly concave, where p(0)=0 and p'(0)<oco.
Similarly, ¢(f) € [0,1] is a twice continuously differentiable, strictly decreas-
ing and strictly convex function such that q(6)=p(0)/0, q(0)=1 and p(¢~'(-))
is concave. When choosing which submarket to participate in, both firms and

workers take into account the value as well as the probability of matching.

Timing of actions. Each period is divided into four stages as illustrated
in Figure 1. First, production takes place at given productivity levels x; and
z. For each match, the firm collects output and pays a wage w; to the worker.
Second, workers choose their effort level e; by balancing effort costs c¢(e;) and
job destruction probability d(e;), where §(0)=1,¢" € [§',0) and §”<0. There is
a decreasing probability of job loss in effort §(e;), which captures the idea that

a negligent worker might lose a client or break a machine and so is more likely



to be fired, and that she can choose to become unemployed at zero cost since
¢(0)=0. Although the worker chooses d(e;), the firm can also induce separation
by promising a sufficiently low future lifetime utility such that the worker quits.
Third, in the search stage workers choose which submarket (x;,v;) to visit and
get matched with probability xkp(6(xs,v;)), where k € [0,1] denotes their on-
the-job search efficiency. If matched, the worker moves to a new job and the
current job is destroyed. If they do not match, the job continues to the fourth
stage, in which a new x;,; is realized and the firm shock 1, updates the match

quality z;11.

Informational structure and contracts. A contract defines the wage and
actions for a matched worker and firm for all future histories. Call s; = (4, 2;) €
S=XXZ the productivity tuple of a match in period ¢t and call s™ = (s;...s,) € ST
a given history of realizations between today and 7 periods in the future. The
future history of productivity for a match is common knowledge to both the
worker and the firm and so is fully contractible. However, the worker’s effort
and search decisions are private information. The contract C offered by the firm

to the worker is then represented by:
C=(w,{) where w={w.(s")}2y ¢={v(s7),e:(s7)}2y.  (2)

The first component of the contract w captures the firm’s wage policy for each
future history w,(s™). The second component ¢ comprises the worker’s re-
sponses and can be thought of as the unenforceable actions suggested by the
contract. Specifically, it includes the effort level e, (s™) and the submarket the
employee applies to on the job v,(s7) for each future history of productivity.®
Although both of these actions are unobserved by the firm, we focus on con-

tracts where the contractual recommendations are incentive-compatible. The

5Derivations will require that contracts specify simple probabilities over actions rather
than actions themselves. This is left implicit at this point but will be clarified in the recursive
formulation of the problem.

10



firm thus chooses both wages and workers’ actions, subject to the incentive
compatibility constraint that the actions match the workers’ optimal responses.

Importantly, the contract space is completely flexible in how wages respond
to tenure and productivity histories. In particular, unlike piece rate contracts
or Nash bargaining, it does not impose any restrictions on how firms set wages
in response to productivity shocks, which is the central question of this paper.
Since firms choose the amount of passthrough of a shock endogenously, the
model helps to rationalize the firms’ contribution to workers’ uncertainty about
their earnings. By taking the model to the data, we are able to quantify the
level of risk absorption by the firm and the effectiveness of government-provided

insurance in mitigating the risk to workers.

2.2 Worker’s problem

Consider an unemployed worker of type x; who receives benefits b(z;) in the
current period and wants to search on the submarket that offers the best trade-
off between promised future utility and job finding probability. Dropping all
time subscripts and focusing on a stationary equilibrium, the value of being

unemployed U(z) can be written as:

U(x) =supu(b(x)) + Bp(0(z,v0))vo + B (1 — p(6(x,10))) Ex [U(2")|z], (BE-U)

Vo
where vy denotes the expected lifetime utility in the submarket chosen by the
unemployed worker.

Next, let an employed worker be in a job with productivity levels (z, z) and
a current promised value V. Suppose the firm pays a wage w in this period and
promises an expected lifetime utility W from tomorrow into the future. Then the

employed worker faces the following problem when making her current search

11



and effort decisions (vy, e):

max u(w) — c(e) + Bé(e)Ex [U(x')|z] + (1 — d(e))rp(6(x, v1))vy

v1,€

+ A1 = 0(e))(1 = kp(0(z,v1)))W. (EQ-W)

The optimal worker policies vf : XxV — [v,7] and e* : XxV — [0,€] depend
on the worker’s current x and the promised expected utility for next period W,

but not on the match quality z, the wage w or the current promised value V.

Definition 1. We define the composite retention probability p : XxV — [0, 1]
and the utility return to the worker 7 : XxV — R as functions of x and the
promised utility W using short-hand e* = e*(x, W) and vy = vi(z, W):
ple, W) =(1 = d(e")) (1 — kp(0(z, v7)))
r(x, W) == c(e’) + 5 (1 = 6(e")) ip(6(x, v7)) (v = W)
+ B0(e7)Ear [U(2)|2] + 5 (1 = 6(e7)) W.

The functions p(z, W) and 7(z, W) capture how a firm can incentivize a worker

when setting the wage dynamically.

2.3 Firm’s problem

Setting up the firm’s problem involves resolving two difficulties. First, each firm
has infinitely many employment relationships that need to be optimized. This
can be addressed by relying on a constant-returns-to-scale technology combined
with linear vacancy costs, which allows us to separate the firm’s problem into
individual jobs. Second, the contract a firm offers to a new worker specifies the
wage for every future sequence of productivity shocks. Solving this problem
for all possible contingencies is intractable because the dimensionality grows to
infinity. However, following Spear and Srivastava (1987), we can rewrite the
firm’s problem recursively by augmenting the productivity state space (z,z)

with the previously promised utility to the worker V.

12



The firm’s expected profit from a match J(z,z,V) can be expressed recur-

sively as:
J(z,z, V) = omax 1:212 M (f(x, 2) —w; + Bp(x, Wy)Ey o [J(2, 2", Wiy )|, z])
st V<> m(u(w)+ 7z, W), (BE-F)
i=1,2

Wz‘ - Em’z’[Wim’z"xv'Z]a Z m = 1.

i=1,2
At each state (z,z,V), the firm chooses the randomization m; : SxV — [0, 1]
over a two-point lottery, whose only purpose is to ensure concavity of the ex-
pected profit function. Although the underlying utility and productivity func-
tions are concave, incentive constraints can, in general, create additional gains
from randomization for firms and workers because the allocation space may be-
come non-convex. Lotteries are a standard way to convexify the feasible set and
so retain concavity of J(x, z, V'), which is useful to establish the existence of an
equilibrium (Prescott and Townsend (1984)). All other choices, including the
wage w; : SXV — R, promised future expected utilities W; : SxV — V and
productivity-specific promised utilities Wi, : SXV — V. are made contingent
on the lottery realization ¢ at the beginning of each period. The values W;,./
reflect that we augmented the state space with V. These values enter the con-
tinuation value and are set optimally contingent on the realized productivity in
the next period (2/, 2').

When choosing the control variables to maximize expected returns, the firm
has to respect previous commitments and incentive compatibility. The promise-
keeping constraint ensures that the firm honors last period’s promise to deliver
the value V' to the worker (see the left hand side of the first constraint). Incentive
compatibility of the worker is embedded in 7(-,-) and p(-, -).

Next, consider the return to opening a vacancy in market (x,v), given va-

13



cancy creation cost k and initial match quality zj:

(z,v) = max q(0(z,v))Ep [J (2, 2", Wogrr) |2, 20] — k

0z’ 2/

st. v= Exlzl [WOx/z/‘SL‘, ZO]. (BE—V)

Finally, firms open vacancies in a given market if and only if expected returns

to the vacancy are positive.

2.4 Equilibrium

Free entry. We impose a free entry condition on each submarket. Free entry
together with linear vacancy costs imply that as long as the return to a vacancy
II(x,v) is positive, firms post more vacancies to make profits. However, the
more vacancies are posted in a market, the tighter the market gets, lowering
the vacancy filling rate and consequently each vacancy’s expected value. This
means that firms open vacancies in each market until expected profits become

non-positive:
V(z,v) e XxV: Il(z,v) <0. (EQ1)

This condition pins down the equilibrium tightness (z,v) and the mass of
vacancies ¢(z,v) in each active submarket (z,v). We consider a symmetric

equilibrium where all firms open an identical number of vacancies in each queue.

Market clearing. Let h(x, z, V') be the stationary distribution of workers with
productivity x in matches of quality z with promised utility V. Let u(z) rep-
resent the mass of unemployed workers of type x. The distributions A(z, z, V),
p(x) and ¢(x, v) represent the equilibrium allocation in the labor market. In or-
der for labor markets to clear, these equilibrium distributions must be generated
by equilibrium decisions.

To derive the law of motion for the stationary distribution A(x, z, V) in the

economy, we initially focus on the firm-side problem. A firm is large in the sense

14



that it hires a continuum of workers, and at the same time it is infinitesimal in
the economy because it cannot hire a significant share of the entire work force.
For each firm, the distribution of match quality, worker types and promised
values is pinned down by its entire history of shocks v*°. The infinite shock
history matters because a shock in one period can alter the distribution of jobs
at the firm level beyond that period. For instance, if a firm experienced a very
bad shock last period, this will affect the distribution of workers beyond current
productivity levels. However, conditional on the history >, the identity of
the firm is redundant. In other words, the notion of a firm in this context is
captured by a shared history of shocks. Hence, it is sufficient to characterize
the joint distribution over (z, z, V') at the firm level, denoted by h(z, z, V|r>),

where v* is exogenous. The law of motion for this distribution is:
B, 2 V™)) = / S 6, V)g(6(', V1)) Plala’) x
v

1{z = gz0, LV = Woa (o, 20, V')} AV

+ 200 Y mla 2 V(e Wia!, 2 V)h(a!, 2, VI ™) P(xla’) x

v ' 2 i=1,2

1{z = g2, v)}1{V = W,,.(«/, 2/, V')} dV".

Importantly, conditional on the shock history, it is unnecessary to keep track
of which worker was in which firm, a direct result of having search markets.
Since firms are large and symmetric, the overall state of the economy can be
characterized by the integral of the joint distribution over shock histories at the

firm level ©*°. This pins down the aggregate stationary distribution h(x,z,V):

h(z,z, V) :/h(x,z,V\uoo)P(yoo) dv®™. (EQ2)

15



Next, the mass of unemployed workers p(z) evolves according to:
ZM P(2'|z)[1 = p(0(z, v5()))]+
ZZ > (1- (2'|2)[1 — p(z, Wiz, 2, V)] h(x, 2, V) dV. (EQ3)

z oz =12

Finally, the vacancy mass ¢(x,v) must satisfy V(z,v):

$la,v) = 0(a,0) () L{v = vi(2)}

SN milw, 2, V)1{v = v (z, Wiz, 2, V) }h(z, 2, V) dV|. (EQ4)

z =12

Based on these conditions, we define the equilibrium.

Definition 2. A recursive search equilibrium consists of firm value func-
tions J(x,z,V) and II(z, V'), an unemployment value function U(x), a job re-
tention probability p(x, W), a worker return function 7(x, W), optimal contract
policy functions & = {m;, w;, e;, v1;, Vo, Wi, Wizror, Wow»r Yzt 2, @ market tightness
function 0(xz,v) € Ry, an active aggregate job distribution h(z,z,V'), a mass of
unemployed workers p(x) over types x, and a mass of vacancies ¢p(x,v) across
submarkets (z,v), such that:

(a) J(x,z,V),I(x,V), and U(x) satisfy BE-F, BE-V and BE-U for all (x,z,V),

(b) p(x,Wi(x,z,V)) and 7#(x, Wi(x, z,V)) satisfy EQ-W for all (z,z,V),

(c) & contains the associated policy functions,

(d) O(x,v) and ¢(z,v) satisfy the free entry condition EQ1 for all (z,v),

(e) h(z,z,V) is generated by ¢(x,v), p(x) and & as in EQ2, and

(f) () and ¢(x,v) clear the market in accordance with EQ3 and EQ4.

In equilibrium, neither workers nor firms have an incentive to deviate from
their contracts. Solving for an equilibrium, which involves large-dimensional
distributions of workers over employment states and queues, is generally very

difficult. The approach we adopt relies on the properties of equilibrium, es-
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pecially the fact that the unique tightness function 6(z,v) is not a function
of the aggregate state of the economy.® Intuitively, since the labor market is
divided into submarkets, the tightness in each submarket does not depend on
the distribution of workers over other submarkets. As a result, given 0(x,v)
in a specific submarket, a worker who queues in that submarket has a proba-
bility of finding a job that is independent of other markets. Consequently, a
worker’s return from searching and retention probability are independent of the
distribution and hence the firm problem is distribution-free, i.e. the Bellman
equations do not include h(z,z,V) as an additional state. This allows for a
two-step computational procedure. In a first step, one can solve for the value
functions, which depend only on (x, z,V); and in a second step, simulate them
in order to recover the associated distributions.

The separation of expected profits from aggregate distributions also ensures
the tractability of block recursive equilibria (Menzio and Shi (2010)). Building
on the work of these authors and of Tsuyuhara (2016), we can formally prove

the existence of equilibrium.

Proposition 1 (Existence of Equilibrium). There exists a recursive search equi-
librium, in which the expected profit function J(x,z, V') is continuously differ-

entiable as well as strictly decreasing and concave with respect to V.

Proof. See Appendix Al.1. m

3 Contract characterization

3.1 Incentive vs. insurance trade-off

A worker is less likely to leave a firm when she is promised a higher future value.
Intuitively, the worker searches submarkets with a higher v as the expected

future utility in her current job increases. However, submarkets that offer a

6All equilibrium properties are derived in the supplementary Appendix W1.1.
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higher lifetime value have a lower job finding rate and so the worker is less

likely to find a new match. This is summarized in Lemma 1:

Lemma 1 (Pareto Properties). Given (x,V, W),

(a) vi(z,W;) and e*(x,W;) are uniquely determined,

(b) p(z, W;) is continuous, differentiable a.e. and increasing in W;,

(c) 7(x, W;) is increasing and differentiable a.e. in W; and 7 (x, W;)=06p(z, W;),
(d) expected profits J(x,z, V) are increasing in match quality z.

Proof. See Appendix A1.2. O

Lemma 1 sheds light on the firm’s trade-off between providing dynamic in-
centives and insurance to the worker when choosing promised values and wages.
By increasing future promised values, a firm incentivizes its workers to exert
more effort, and so increases the probability that each match continues to exist.
Dynamically incentivizing workers thus makes a case for backloading wages, i.e.
for increasing promised values and wages over time. However, higher promised
values also lower a firm’s profits and worker risk aversion implies that the cheap-
est way to deliver a given lifetime utility to workers is by keeping the wage
constant over time. This intertemporal insurance motive thus calls for a flat
wage profile and no backloading.

To understand how firms resolve this trade-off between incentives and insur-
ance, it is useful to analyze how firms decide to compensate workers over time.
The following proposition provides a clear prediction for how wages evolve as a

function of the current state of the match:

Proposition 2 (Optimal Wage Growth). For any current state (x,z, V'), within
each lottery realization i, the following relationship between wage growth and
expected firm profits holds:

1 1
77(1'7”/1) 'Ez/z/[J(x,azlaWim/z/)‘x72] = - (FOC)
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where n(z, W) = %logﬁ(x,W) > 0 is the derivative of the log probability of
retention with respect to the future value promised to the worker W, w is the

current wage and w) is next period’s wage in lottery realization i.
Proof. See Appendix A1.2. m

The optimal balance between insurance and incentive motives ties together
all the features of the model and the FOC allows us to uncover where each
of the features enters. For instance, the right hand side only involves worker
preferences and reveals how much the worker likes intertemporal wage smooth-
ing. The left hand side reflects the presence of search frictions and decisions
about how much effort to exert, as captured by n(z, W). One can also directly
observe that the optimal contract exhibits full insurance across future states
as (2, 2") drop out of the FOC. The intertemporal dimension of insurance thus
competes against incentives when optimally setting wage contracts. The benefit
of intertemporal insurance (the right hand side) grows with the amount of risk
aversion, and since the curvature of utility typically decreases in consumption
levels, is higher at low wages. The extent of insurance offered by the optimal
contract thus depends endogenously on where the worker is in the wage and
value distribution. The flip side of smoothing wages is that it lowers the returns
to dynamic incentives, as measured by the left hand side. The term n(z, W)
shows how elastic the retention probability is with respect to future promised
values W. Effort contributes to this term through the endogenous job destruc-
tion probability d(e*(z, W)), and search frictions enter through the optimal job
finding rate p(0(z,vi(x,W))). While we know that in equilibrium effort is in-
creasing in W and job finding rates are decreasing in W, this does not allow
a conclusion about how 7(x, W) changes with W. The answer depends on the
second derivative of the retention probability p(z, W). The qualitative effect of

changes in W on the level of insurance therefore remains ambiguous despite the
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fact that expected profits decrease in W. However, in the limit without search
frictions and effort decisions, n(x, W) goes to zero because the endogenous sep-
aration probability becomes insensitive to local changes in W. As a result, the
model approaches a full insurance economy and the incentive constraint starts
resembling a participation constraint, creating a discontinuity where it binds.
This means that absent the incentive issues due to search and effort decisions,
workers enjoy complete wage smoothing until a better outside option arrives.

The proposition also reveals that the worker’s wage growth has the same
sign as the expected profit of the firm under the optimal contract. Whenever
the firm expects positive profits, it is optimal to increase wages, and whenever
profits are expected to be negative, it is optimal to lower wages. This means
that across all shock histories, a change in wages is positive if and only if the
expected profit for the firm is also positive. This optimal strategy sacrifices
some of the worker’s utility, since she prefers flat wages, for a higher probability
of keeping the match alive. Intuitively, inducing less separation is a way for the
firm to benefit longer from a profitable match in a context with workers who
value only their own share of the match surplus.

The trade-off between insurance and incentives is thus solved by wage back-
loading when the firm expects positive profits. To formalize this argument

further, we define:
Definition 3. The target wage w*(x, z) given (x, z) is defined as the wage as-

sociated with the promised value W*(x, z) for which M (x, z, W*(z, 2))=0, where

M(z,z,W) = max By [J(2', 2", Wy )|z, 2]

W

st W= Ex/z/[Wx/z/|$, Z},
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and, with W}, ,(x, z) denoting the argmaz of M (x,z, W*(x, 2)), is equal to:

1
% _ -1
w (IE,Z) =u ( J/(;C/,Z/, W;,Z,(I,Z))> '

The target wage captures the wage level at which expected firm profits are

zero and the worker collects the entire value of the match. The optimal contract

can be further characterized using this target wage.

Proposition 3 (Target Wage Tracking). For each viable match (z,z) there
exists a unique target wage w*(x, z), which is increasing in z. The wage specified

in the optimal contract tracks this target wage for each lottery realization i:

w<w(zr,z) = w<w, <w'(x,z) incentive to stay,

w>w(z,z) = wizz) <w, <w incentive to leave.
Proof. See Appendix A1.2. m

At any state (x,z,V), the wage adjusts towards w*(z,z). If the current
wage w is below the target wage, the firm will increase wages in the following
period, but not so much as to exceed w*(x, z). The prospective wage increase
induces the worker to exert more effort to retain her job, leading to a higher
level of insurance against job loss. Since the wage will grow, the higher level
of job loss insurance is achieved at the expense of having less than full wage
insurance. Conversely, if the firm currently pays more than w*(x, z), it lowers
future wages towards the target wage and reduces the probability of retaining
the employee. Here, the firm provides less wage insurance by allowing the wage
to fall and at the same time less insurance against job loss by incentivizing
lower levels of effort. Hence, wage insurance and job loss insurance go in the
same or opposite directions depending on the current wage level relative to
the target wage. Finally, the wage stays constant when w=w*(z,z) because
the left hand side of the FOC is zero. Intuitively, since the worker collects

the entire value of the match, her incentives are aligned with the firm and the
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incentive problem vanishes. Only the insurance motive prevails and the contract

prescribes constant wages.

3.2 Backloading

Propositions 2 and 3 amount to a formal backloading result at the time of hiring.
Although the firm is able to commit, it chooses to “tilt” the wage profile instead
of setting a perfectly flat consumption path for the worker even in the absence
of shocks. This is optimal because the worker makes effort and search decisions
e and v that affect the probability that the match continues to exist. When
some of the match surplus goes to the firm, the worker does not internalize the
full future value of the match when making these decisions (unless she is at
w*(z, z)). It is then optimal for the firm to frontload some profits and backload
wages. Importantly, this happens every time a new match forms due to the free
entry condition. At that moment, expected profits must be positive to recover
vacancy costs and so wages increase in accordance with Proposition 2. The
model thus exhibits, on average, an increasing wage profile after every new hire,
irrespective of the possibility of wage decreases later on.

Backloading is a well-known property of long-term contracts with lack of
commitment on the worker side. Stevens (2004) demonstrated this property in
a search environment with risk-neutral agents and a minimum wage constraint.
In our paper, workers are risk-averse and so the contract must optimally balance
the incentive problem with the desire for consumption smoothing as shown in
Burdett and Coles (2003), Shi (2009) and Tsuyuhara (2016).

Another property that hinges on backloading is that workers can experience
wage cuts during value-enhancing moves to other firms even if their own pro-
ductivity is unchanged. As in Postel-Vinay and Robin (2002), skill losses are
not necessary to rationalize the empirically prevalent wage cuts after job tran-

sitions, because higher promised values can be delivered through backloaded
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wages. The heterogeneity in match quality z is crucial for this property to arise
in our setup. In the absence of shocks, as for instance in Shi (2009), Tsuyuhara
(2016) or Burdett and Coles (2003), wages would not go down during J2J tran-
sitions. Homogeneous firms share the same profit function, whose concavity in
the promised value would dictate that the higher value of the new job must be
associated with a higher wage.

Since the firm can only imperfectly monitor the worker’s actions, the firm
faces an incentive constraint, capturing that the worker chooses a specific hidden
action only when appropriately incentivized.” Here, the worker’s effort and
search decisions affect the duration of the match and the availability of outside
options. The common role of effort and search in the incentive problem for the
firm is emphasized by the fact that they enter the retention probability p(z, W;)
together. These two hidden actions have been studied separately in Menzio and
Shi (2010), where directed search is unobservable by the firm, and in Tsuyuhara
(2016), where effort affects the job finding probability. However, we believe
this paper is the first to combine the two in a study looking at the dynamic
transmission of shocks to wages under the optimal contract. We turn to these

dynamics next.

3.3 Transmission of productivity shocks

Proposition 3 reveals that the realized wage smoothly tracks the reference wage
w*(z, z), which depends on productivity z and is increasing in match quality
z. This implies that wages respond to both positive and negative productivity
shocks, from both the firm and worker side. To better illustrate the rich features
of this wage setting, Figure 2 draws the qualitative wage path under different
contract arrangements in response to positive and negative worker- and firm-

level shocks. The solid red line shows the wage dynamics under the optimal

"This incentive problem resembles the principal-agent problem outlined in Rogerson (1985)
where a risk-averse worker chooses a hidden effort level.
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Figure 2: Wages and productivity shocks

(a) positive = shock (b) positive z shock

(c) negative x shock (d) negative z shock

Notes: This figure plots wages under different contracting environments in re-
sponse to productivity shocks. The dash-dotted green line represents a two-sided
commitment contract, the dashed blue line shows firm commitment without im-
perfect monitoring, and the solid red line captures firm commitment and incen-
tive issues. The dotted black lines depict the productivities.

contract in this paper, where one-sided lack of commitment and moral hazard
act as the two key drivers. For comparison, we plot the wage dynamics under the
optimal contract against the wage dynamics with these two elements removed.
The dashed blue line depicts a similar one-sided limited commitment model but
without a monitoring problem, and the dash-dotted green line represents a full

commitment contract that also lacks hidden actions.

Commitment. To understand the differences between contract arrangements,
it is useful to analyze the commitment problem separately from the moral hazard
issue. With regard to the former, the differences between the dash-dotted green
line and the dashed blue line are exclusively due to different assumptions on

worker commitment. While risk-neutral firms can commit to insure risk-averse
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workers in both environments, the worker is free to choose a better outside
option only in the model depicted by the dashed blue line.

In the presence of full commitment, firms optimally insure workers against
all shocks, resulting in flat dash-dotted green lines in all cases. As in Menzio and
Shi (2011), the equilibrium is efficient and retains the social planner’s allocation
in response to shocks. Despite fluctuations in z, the firm pays the same wage to
the worker. The worker commits not to quit at high x, while the firm commits
to not dissolve the match at low x. However, when quality z falls, the best
way to achieve insurance is through dissolving the match and letting the worker
start a new job. Separation, indicated by a circle in Figure 2d, benefits both
employers and workers who are able to form new, higher quality z; matches.
This is in line with Azariadis (1975) who finds that enforceable contracts can
lead to an equilibrium in which fluctuations in wages are eliminated but job
changes occur.

If instead only the firm is able commit to a contract, the worker cannot
commit to ignoring better spot market offers. A positive x shock then improves
the worker’s outside options, resulting in an immediate pay raise. This is repre-
sented by a jump in the dashed blue line following a positive x shock in Figure
2a. In contrast, a negative x shock is fully absorbed by the employer who has
committed to an unresponsive wage ex-ante as part of the optimal contract.
Since outside offers are worse, the worker’s participation constraint is slack and
the match continues, as in Harris and Holmstrom (1982). Despite being absent
in Harris and Holmstrom (1982), one can extend the one-sided commitment
framework with firm-specific shocks to match quality z. A positive z shock
exclusively affects the existing match but is inconsequential for wages at other
jobs with the same z, so neither employment relationships nor wages change.
Finally, when match productivity falls below z,, the worker moves to another

firm where she receives the same compensation as before.
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Therefore, commitment plays a crucial role in shaping wage dynamics. As
soon as workers cannot commit to forgo better outside options, the firm stops
offering full insurance, which differs from the two-sided commitment case. Two
further insights become apparent when considering one-sided commitment. First,
the fact that in Harris and Holmstrom (1982) wages increase but never decrease
might suggest that one-sided commitment generally implies downward wage
rigidity. However, a simultaneous drop in  and z can indeed generate a wage
decline. If it becomes too expensive for the current firm to perfectly insure
an unproductive worker in a low quality match, the firm will cut the wage or
induce separation. If the worker moves to a new firm, the match quality will be
higher but the new employer will set a lower spot wage due to the worker’s lower
productivity. Therefore, a combination of negative z and x shock can trigger
a wage decline, even when firms exhibit the ability to commit. The downward
wage rigidity in Harris and Holmstrom (1982) is precipitated by the assumption
that all jobs are identical, while heterogeneity in jobs in our setup allows for
decreasing wage paths. Second, it is inefficient to sustain any match with a
quality below zq if new matches can be formed in frictionless markets. Without
separation, the opportunity for higher quality in new matches remains unused
by the firm and the worker. However, the worker may not move if she has worse
outside options from a simultaneous x drop. The firm is then stuck with a low z
worker in a low z match. In this case, a social planner would prefer to terminate
the employment relationship to avoid the dead-weight loss of z < 2, associated

with inefficient immobility.

Imperfect monitoring. We consider imperfect monitoring, which accounts
for the differences between the dashed blue line and the solid red line in Figure
2. Both the blue and red lines represent situations with one-sided commitment,
i.e. firms can commit to dynamic contracts whereas workers cannot, but only

the solid red line includes a hidden action dimension. Here, we consider unob-
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servable effort and search decisions that affect the likelihood of separation. This
comparison reveals two core findings. First, hidden actions make wages respon-
sive to both positive and negative shifts in expected profits. In contrast, without
moral hazard wages only respond to positive x shocks. Second, conditional on
a wage change, the imperfect monitoring model exhibits much smoother wage
adjustments.

The responsiveness of wages to all shocks (solid red line) is consistent with
the FOC. For instance, in the presence of imperfect monitoring, adverse shocks
to z lead to two inefficiencies absent a wage drop. The worker exerts too much
effort to keep the less productive match alive, but also searches markets with
too high lifetime utility, simply because she does not internalize the reduction
in joint surplus. To counteract these inefficiencies, the firm lowers the wage
(Figure 2d). The reverse holds true when the worker does not fully internal-
ize the benefits of continuing a high z match. In this situation, the firm adds
incentives to maintain the match by increasing wages, whereas in a world with-
out monitoring problem search and effort would be dictated and wages would
remain constant (Figure 2b). A similar argument holds when firm profits are
affected by x shocks (Figure 2a and Figure 2¢).

Differences in the smoothness of wage adjustments in Figure 2a are rooted
in how a worker is retained over time. In the blue dashed case, an increase in
productivity x increases the worker’s outside options, which the firm must match
immediately to keep the worker, resulting in a wage jump. With imperfect
monitoring, the firm backloads payments to increase the likelihood of retaining
the worker, as established above. This happens smoothly due to the worker’s
risk aversion, and so wages increase more slowly in the model represented by
the red solid line. The gradual passthrough hinges on the incentive structure
and probabilistic nature of separation, and hence on the presence of search

frictions, but is not limited to directed search. Random search, as in Burdett
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and Coles (2003), also produces smooth wage adjustments because the worker’s
reservation wage in light of non-contractible outside offers is unobserved.

From a technical point of view, the worker’s participation constraint in the
model represented by the dashed blue line is replaced by an incentive constraint
in the case of the red solid line. Under a participation constraint, a better
outside option can be obtained with certainty, so the firm must lift the wage in-
stantly or the worker leaves. In contrast, with an incentive constraint, obtaining
the outside option is probabilistic and mobility frictions allow for a slow wage
increase. Of course, one can reinterpret a participation constraint as a stark
incentive problem. The key is then to restrict the incentive problem to always
bind at a corner solution where the worker either leaves or stays with certainty.

One may wonder why a firm would choose to lower wages smoothly in bad
times rather than fully renegotiating them as in Thomas and Worrall (1988).
This is because it is optimal for a firm to use its commitment power to promise
insurance to a worker at the time of hiring. The fact that after a bad shock a
firm is ex-post bound to the contract does not mean that commitment is ex-ante
undesirable; to the contrary, the firm benefits from its commitment ability. The
wage goes down in Thomas and Worrall (1988) because the firm participation
constraint binds, whereas we allow the firm to optimize without this additional

constraint, which results in an ex-ante preferable outcome.

4 Estimating the contracting model

There are two important challenges when taking the model to the data. The
first difficulty concerns identification. Individual productivity is not directly ob-
servable, and the way it translates into earnings and labor participation is highly
non-linear. The second obstacle is tractability. Solving directly for promised

utilities in each future state is infeasible.

Non-parametric identification. We provide sufficient conditions for the
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identification of the production function f(-) and the productivity processes
for x and z using a five-year panel dataset on workers’ and coworkers’ earn-
ings and participation. We assume the preference functions u(-) and ¢(-) are

known.®

First, we show that the independence between coworker trajectories
after conditioning on firm-level productivity histories allows us to isolate firm
shocks from worker shocks. Next, we use the Markovian properties of the opti-
mal contract to identify the wage and participation process conditional on the
latent variables x and z, drawing on the identification result for hidden Markov
chains in Hu and Shum (2012). Finally, we show that the present value of the

worker, the firm profit function, and the production function can be recovered

from the conditional choice probabilities together with the Bellman equation.

Tractability. Solving BE-F directly would require optimizing over the promised
utilities W;,,» for every (z, z, V) in each future state of the world (z/, 2’). This
becomes unmanageable as soon as reasonable supports for X and Z are consid-
ered. However, the first order condition with respect to W;,.,» reveals that the
promised utilities at different future states are chosen optimally by the firm in
order to equalize marginal utilities across those states. The solution can thus
be characterized by a single promised marginal utility. In Appendix A1.3, we
rewrite the contracting problem recursively using marginal utilities” and rely on

this formulation in the numerical implementation.

4.1 Model specification

Each period corresponds to one quarter and the discount factor 5=0.987 is set

to match an annual interest rate of 5%. For the estimation, we use the utility

. l—o_ . . .
function u(w) = *5— L where the parameter of constant relative risk aversion

8Supplementary Appendix W2 includes the formal results.

9This is known as the recursive Lagrangian approach developed by Kocherlakota (1996),
Marcet and Marimon (2019), Messner, Pavoni, and Sleet (2012) and Cole and Kubler (2012).
Farhi and Werning (2013) uses promised marginal utility directly.
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is set to a standard value 0=1.5. These values are taken from Low, Meghir, and
Pistaferri (2010). Work effort controls separation through d(e)=1—e and incurs
utility cost

Y0 Yo 1L
= 1—e)— 1-—
c(e) =1 + (1 —e€) 1_ L( e) T,

At
where the condition ¢(0)=0 is satisfied at any values of (79,71). The flow value
of being unemployed is set to u(b) for a fixed b.
Let worker productivity x be characterized by two subcomponents: one per-

manent xy and one persistent x1. The sets of values for these subcomponents,

as well as for match quality z, are drawn from discretized log normal distribu-

2

2 .
-, and o7, respectively.

tions with a log mean of zero and log variances o2, o
We set the initial match quality to its median value zp=1. Since x; is fixed,
the transition matrix for = is block-diagonal such that each block includes the
transition probabilities for z;. With a reset probability (1—A\;), productivity
x1 is redrawn uniformly from its prior distribution, independently of previous
levels of xy. Otherwise, with probability \,, x; persists. The transition matrix
of z follows a similar Markov structure with persistence parameter A\,. This
determines the law of motion for match quality, 2/ = g(z,v), where g(z,v) is
the conditional quantile function of the transition matrix and v is the firm-level
shock. The function g(z, v) is monotonic by construction and implicitly assumes
a uniform distribution of firm shocks v that allows for correlated match qualities
at the firm level. It does not, however, imply that all workers at one firm have
the same z, even if they share the same shocks v.

The output of a match is given by f(xo, 21, 2) = a-x¢-z1-2, where total factor
productivity a is normalized such that average utility is one. We employ the
matching function ¢(6) = [a¥/ (oz“”—i—&“")]é and estimate the model in equilibrium
such that the job finding rate of workers is derived from the free entry condition

EQ1. We use a common estimate of the curvature p=0.8, normalize the vacancy
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cost to k=1, and estimate the matching efficiency o € (0, 1). Alternatively, one
could fix o and estimate the vacancy cost k. Finally, we also estimate the
on-the-job search efficiency k.

We use a measure of value added per worker at the firm level.!® To re-
main consistent with the theory, we use a constant-returns-to-scale produc-
tion function when aggregating match outputs. We sum across workers over
four consecutive quarters and construct annualized earnings w®, match out-
put f* and value added per worker y* to match the frequency of value added
and earnings in the data. Finally, we add measurement error to log earn-
ings and to log value added per worker, with respective standard deviations
m,, and m,. In total, this specification requires estimating the parameter set

/19 = {707 Y1, b? O20y0x1,02, )\Clr) )\Zv Ky My, my}'

4.2 Data

The sample is built on employer-employee matched data prepared in Friedrich,
Laun, Meghir, and Pistaferri (2019), which links three Swedish administrative
data sets: the Longitudinal Database on Education, Income and Employment
(LOUISE), which provides data on demographic and socioeconomic variables for
the entire working age population; the Register-Based Labor Market Statistics
(RAMS), which tracks worker earnings and employment spells and includes
firm identifiers; and the Structural Business Statistics (SBS), which includes a
measure of value added and employment size for each firm and year.

We use five consecutive years (2001 to 2006) for our analysis. We adjust
monetary variables for inflation. On the worker side, all self-employed individ-
uals are removed from the sample. To abstract from labor supply decisions on

the extensive margin, we focus on males between 25 and 50 years of age, which

10Gince firms are ex-ante identical, vacancy costs are homogeneous and the equilibrium is
symmetric, the model is less suitable for mapping the firm size distribution directly into the
data. Therefore, we focus on value added per worker in the estimation.
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removes the labor participation decisions of females during child-bearing years
and decisions related to retirement. However, we include active and non-active
job seekers in order to account for mobility in and out of work. We limit the em-
ployer side to firms with a positive value added. Still, our final sample includes
almost 1.2 million unique workers and over 70, 000 unique firms. Appendix A2

provides further details on the data sources and sample construction.

4.3 Moments of interest

To capture the level of risk sharing between firms and workers together with
transition dynamics in the labor market, we select three sets of moments to be
matched: transition probabilities, individual earnings dynamics and moments
relating firm output to both worker earnings and mobility.

First, using information on monthly spell data, we follow Friedrich, Laun,
Meghir, and Pistaferri (2019) and construct quarterly transition probabilities of
starting a job (U2E), losing a job (E2U) and changing jobs (J2J). As reported
in Table 1, the numbers we obtain are 0.17 for U2E, 0.022 for E2U and 0.026
for J2J rates. The J2J probability is notably lower than in the US and other
comparable European countries.

Second, we generate moments of individual earnings dynamics. Yearly earn-
ings data may imprecisely measure the duration of partial employment spells
within the year. To alleviate this concern, we only use observations that report
12 months of work. In this group, the overall variance of log earnings in the
data is 0.14. Earnings grow by 2.5% on average for all fully employed workers
over two consecutive years, and have a variance of 0.025. We extract the au-
tocovariance of log earnings growth from the data at —0.007. Job switchers —
individuals who are fully employed in one year, switch in a second year to a new
employer and continue working there for the entire third year — experience an

average wage growth of 6.4% over these two years. This is over two times the
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Table 1: Moments and model fit
data model
PrU2e 0.17 0.16
(0.00035)
Pri?) 0.026  0.026
(4.1e-05)
pyE2U 0.022  0.020
(4.4¢-05)
Vargs [1og wit] 0.14 0.15
(0.00031)
Eger | Alog wi] 0.025  0.028
(0.00010)
Varges [A log wit] 0.025  0.024
(0.00012)
Covsern | Alogwi, Alogwy—y|  -0.0068  -0.0083
(6.4e-05)
B | log wy — log wit—o] 0.064  0.061
(0.00055)
Ese | log wi| — Egvas | log wi] 0.55 0.50
(0.0038)
COVSUEUE [log wi,n(l), log wi,n(g)] 0.092 0.090
(0.00035)
Varges [A log yit] 0.098  0.091
(0.0070)
Covern | Alog yir, Alog i1 | 0.034  -0.036
(0.0026)
Covser | Alog wi, Alog yi| 0.00099  0.0010
(0.00013)
Covsen|Alog(1 — pu), Alogy|  -0.013  -0.014
(0.0040)

See the supplementary Appendix W3.2 for a full description.
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Notes: Transition probabilities are quarterly, all other quantities are at the
yearly level. Subscripts S capture different sets of observations for the corre-

sponding empirical averages. Standard errors are computed using bootstrap.

average gain, suggesting a positive earnings return associated with job transi-
tions. To estimate the next two moments, we use unemployment spells. The
first moment relates to the mean-to-minimum wage ratio of Hornstein, Krusell,
and Violante (2011) and captures the log difference between the average yearly

earnings in the entire economy and the average yearly earnings for hires coming



out of unemployment. This gap is 0.55, meaning that the average wage is about
twice what new hires earn. The second moment is the within-individual covari-
ance of earnings for workers coming out of unemployment twice, an indicator
of their persistent heterogeneity. At 0.092, this covariance is higher than half of
the overall variance in earnings, suggesting a strong role for persistent worker
heterogeneity in the data.

The final set of moments links firm performance to earnings dynamics and
mobility. To start, we retrieve the growth of log value added per worker at
the firm level. The cross-sectional growth variance is 0.1, while the first order
autocovariance is —0.034. The covariance between the growth rates of value
added per worker and the earnings of those who stay with the firm is 0.001.
This speaks to one of the core theoretical findings from the analysis of the
model: wages move with the performance of the firm.!! Finally, to understand
how firm performance affects the transition probabilities of workers, we include
a moment that captures how worker retention varies with output. To this end,
we compute the covariance between changes in the log probability of workers
leaving the firm and the log value added per worker. We find a value of —0.013,
indicating that when firm performance goes up workers are less likely to leave
the firm. In total, there are 12 parameters to estimate in order to match 14

moments in the data.

4.4 Model fit

We estimate the model via indirect inference.'?> The model fit is good, as shown
in Table 1. All three transition probabilities are matched well. Although the

model gives a central role to insurance, it can generate a large variance in log

1 Assuming a unit root process with i.i.d. measurement error, one can combine these
three moments to compute a passthrough measure of permanent shocks. This results in a
passthrough value of 4.5% which is in keeping with 7.8% in Guiso, Pistaferri, and Schivardi
(2005), see Appendix A3.2.

12Gee supplementary Appendix W4 for the estimation procedure as well as a sensitivity
analysis following Andrews, Gentzkow, and Shapiro (2017).
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earnings with a small autocovariance of wage growth, as in the data. The fit
of the wage growth variance is also good. Average earnings growth is slightly
overstated unconditionally and slightly understated conditional on J2J moves
and U2E transitions. Overall, the model captures the earnings process well,
including the joint process of firm performance and worker earnings. With
respect to firm performance, the total variance of permanent value added growth
is estimated to lie within the standard deviation, and its lagged covariance and
covariance with wage growth come close to the data. Lastly, value added growth
covaries with changes in separation probabilities similarly in both the model and
the data.

The corresponding parameter values are presented in Table 2. Worker pro-
ductivity and match quality are highly persistent with parameter estimates at
0.91 and 0.95, respectively. They are also very dispersed, especially compared to
the permanent worker productivity x, allowing for large cross-sectional produc-
tivity differences. Utility costs of effort increase fast with a curvature parameter
of 0.37. The match efficiency parameter is 0.19, and workers search about 47%
less efficiently on the job than when unemployed. Finally, the measurement

errors on earnings and value added are around 0.20.

5 Results analysis

5.1 Understanding the optimal contract

Impulse response analysis. We report the impulse responses in the model
to permanent positive and negative innovation shocks to x and z, scaled to
generate a 10% output change. In practice, we simulate the histories of a cross-
section of matches, and compare a treatment group that receives the permanent
productivity shock with a control group that does not. Figures 3 and 4 report

the differences in variables of interest between the control and treatment groups
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Table 2: Parameter estimates

persistence for worker productivity Az 0.91
(1.8¢-05)
persistence for match quality A, 0.95
(4.3¢-06)
dispersion for worker permanent productivity oy, 0.33
(5.2e-05)
dispersion for worker transitory productivity o, 0.70
(0.00023)
dispersion for match quality o, 0.49
(0.00018)
effort cost parameter Yo 0.00064
(1.6e-07)
effort cost curvature Y1 0.37
(3.8¢-05)
flow payment while unemployed b 0.11
(5.4e-05)
efficiency of the matching function o} 0.19
(8.2¢-06)
on-the-job search efficiency K 0.53
(8.7¢-05)
measurement error on earnings Moy 0.20
(0.00088)
measurement error on value added per worker m,, 0.19
(4.0e-05)

Notes: Standard errors in brackets are computed according to the asymptotic

variance formula derived in supplementary Appendix W4.4.

around the event at time 0.

After a positive shock to worker productivity z, output and the target wage
immediately jump upward by 10 and 5%, respectively (see solid blue lines in
Figure 3). At the same time, the plot shows how the positive responses in
earnings and promised value are delayed, conforming with the theoretical re-
sult of wage smoothing in the optimal contract. This means that during the
transition towards the new target wage, the worker is underpaid relative to her

productivity, and so work effort goes down and labor market search is shifted
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Figure 3: Average impulse response to x change at estimated parameters
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Notes: Effect of a positive (solid blue) and negative (dashed red) permanent x
shock over time (years). Starting (z,z) values are drawn from the stationary

distribution. Initial wages are target wages. Separation is ruled out.

towards jobs with higher lifetime utility v. Low effort and modified search drive
up separation and the worker is more likely to transition into other jobs or (to
a lesser extent) into unemployment. With time, as wages and promised utility
approach their new long-run targets, effort levels improve and transition rates
fall again. As the wage converges to the target wage, the firm’s expected profit

shrinks to zero and hence the worker extracts all the benefit of the positive pro-

37



Figure 4: Average impulse response to z change at

estimated parameters
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ductivity shock. Search is permanently directed towards better jobs reflecting

the permanent nature of the productivity shock.

Unsurprisingly, a negative x shock triggers adjustments of the opposite sign

(see dashed red lines). However, the simulation reveals

crucial asymmetries be-

tween positive and negative shocks, where the latter trigger earnings changes

of smaller magnitude. The asymmetry reflects the fact that the firm provides
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the worker with partial insurance tailored towards negative = shocks. Specif-
ically, despite a target wage drop of similar magnitude, wages and promised
values decrease much more slowly following a negative shock than a positive
one. The worker has a stronger incentive to keep her relatively well-paid job
and so chooses to exert more effort, which dampens the difference in J2J tran-
sitions to about one third relative to the positive shock. At the same time, firm
profits take a bigger hit.

Figure 4 plots the impulse response functions of a permanent shock to match
quality z. Asin the previous graph, when a positive z shock hits, output and the
target wage shoot up on impact. But there are three key differences compared to
x shocks. First, the target wage reacts more strongly relative to output. Second,
lifetime utility and wages rise more slowly, resulting in larger firm profits for
an extended period. Third, changes in J2J and E2U transition probabilities are
both smaller in magnitude and of opposite sign. The reason for all three points
is that in contrast to x shocks, the productivity boost here is job-specific. This
implies that the employee creates a higher value for the employer. However,
unlike before, the worker’s outside options have not changed and so the firm
backloads wage payments longer without increased risk of separation. The effort
and search decisions respond according to the worker’s growing promised value
of the match, lowering separation rates.

When comparing negative to positive z shocks, all adjustments between
treatment and control groups reverse direction. Moreover, the main difference
between the two shocks is that the J2J transition rates are about twice as large
in magnitude. This asymmetry captures the fact that separation is used as an
adjustment margin under the optimal contract in response to negative shocks to
match productivity because both the firm and the worker can gain by forming
a new match. Consequently, the firm offers lower values to its workers, who

in turn reduce their effort and look for jobs with lower lifetime utility. As a
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result, separation rates are high when production is low, which is in keeping
with the negative correlation between changes in output and separation in the
data. Since output and separation move in the same direction under x shocks,
z shocks seem to be more important for successfully matching this moment.
To conclude, we find that the transmission effects of productivity shocks are
delayed and there is a significant level of backloading of wages. The worker
enjoys partial wage insurance, which insulates her particularly well against neg-

ative z shocks.

First best comparison. We now compare the impulse responses to shocks be-
tween the preceding baseline model and a first best contract, in which firms can
observe the search and effort decisions of workers. This comparison is useful to
understand how the optimal baseline contract accounts for incentive and com-
mitment problems. For conciseness, we only point out the main differences here
but we include the full first best responses in Figures A1 and A2 in Appendix
A3.1, together with the solution technique.

Under the first best contract, wages stay perfectly flat while all other vari-
ables jump immediately to new long-run levels in response to productivity
shocks. Although workers enjoy full wage insurance, their lifetime utility rises
after a positive x or negative z shock through decreases in costly effort and
applications to higher value jobs, which are also found more easily. Note that
searching markets with higher v does not prevent job-to-job transition rates
from simultaneously rising. This is because the tightness in each (x,v) submar-
ket is not only determined by v but also by the higher productivity x. Increasing
match qualities z imposes a utility loss on the worker ex-post, in contrast to
the baseline model, although the first best contract delivers a higher value ex-
ante to both firms and workers. In fact, at every value of firm profits J, the
worker achieves a higher expected utility V' in the contract without incentive

and commitment problems.
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Table 3: Level variance decompositions

total T 1 z other

overall

match output f3 031 11% 61% 24% 5%
target wage wi*  0.14 32% 33% 31% 4%
earnings w 0.14 32% ™% 9% 53%

within individual, over time

match output f5 0.08 0% 18% 6% 2%
target wage wi*  0.03 0% 10% 7% 1%
earnings wg 001 0% 3% 3% 5%

Notes: Using simulated data from the model, we run linear regressions with
dummies for each level of (xg,x1,2) and report the variances as percentages of
the total cross-sectional variances. All terms are annualized, in logs and exclude

measurement error.

Decomposing earnings variances. To identify the sources of wage uncer-
tainty, we use the model to decompose the variances of earnings and earnings
growth into structural components. We also include match output to quantify
the extent of insurance provided under the optimal contract against different
types of shocks.

In Table 3, we show that the time-varying component of worker heterogene-
ity, 21, contributes to most (61%) of the variations in annualized match output,
but to only a small part of the variation in earnings (7%). Instead, the largest
contemporaneous contributor (32%) to cross-sectional variations in wages is the
permanent component of worker heterogeneity, xo. This suggests that firms
provide significant insurance to workers and pass through only a small share of
time-varying worker shocks. The insurance against firm shocks appears smaller
because their variance contribution to earnings (9%) is comparable to that of
x1 shocks, but the latter account for about two and a half times more of the
variance in output.

Notably, a large part of the earnings variance is not captured by current
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Table 4: Growth variance decompositions

Total U2E/E2U J2J Ty z

Var(Alog f4) 0.108 -8.0% -3.6% 78.9% 18.3%
Var(Alogwg) 0.005 86.2% 13.9% 40.0% 13.7%

Notes: Using simulated data from the model, we individually remove transitions
in and out of employment, J2J transitions, x; and z shocks, keeping policies &

fixed. All terms are annualized, in logs and exclude measurement error.

productivity levels, but instead can be attributed to the dispersion created
by the path dependency of the contract, i.e. by differences in the promised
value V.13 For instance, two workers at the same current (xg, 1, z) may well
have different values V' and receive different wages because they differ in their
employment histories and therefore in how far they are from the common target
wage. We thus also conduct a within-individual variance decomposition over
time. Our results consistently suggest that workers enjoy considerable insurance
against productivity fluctuations, especially against x; shocks. Shocks to x;
and z have a bigger impact on the variation of the target wage than on actual
earnings, which is indicative of the wage smoothing embedded in the contract.

Next, we decompose the variances in growth of both yearly output and
earnings into endogenous mobility and exogenous shock components using sim-
ulated data. To quantify the contribution of different features of the model,
we remove one element at a time. Table 4 shows the results of this exercise.
Shutting down transitional dynamics associated with moving in and out of em-
ployment lowers the wage variations by 86.2%. For comparison, the reduction
from worker-specific shocks is about half this size (40.0%) and the contribution
from z shocks is even smaller (13.7%). The fact that the terms sum to more
than 100% reflects the presence of interactions between mobility and produc-

tivity shocks. Intuitively, to the extent that negative productivity shocks affect

13The residual remains large even when including interaction terms between g, z; and z.
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earnings less than positive shocks, as seen in the impulse response analysis,
a worker who is paid less than the target wage can expect stronger wage ad-
justments in response to changes in w*(z, z). Combining this observation with
the fact that a worker exiting unemployment tends to start her new job below
w*(z, z) illustrates how mobility can interact with shocks.

As in the level decomposition, z; captures the largest (78.9%) share of the
variation in match output but contributes less to the wage growth variance
(40.0%), reflecting the insurance against time-varying worker shocks embedded
in the contract. Interestingly, J2J transitions affect the growth variances of
output and wages in opposite directions. While a positive contribution to the
wage growth variance can be expected when considering that moving allows
workers to extract higher wages faster in response to positive x shocks, the
option to separate after adverse z shocks also curtails drops in output. J2J
transitions thus limit the effects of shocks on production and show up as a

negative contributor to the output growth variance.

Passthrough analysis. Typically, passthrough analyses assess how much of a
persistent and transitory shock to firm output is transmitted to worker earnings.
We extend this definition to account for three difficulties. First, the passthrough
in our setup needs to consider a shock with a given level of persistence, rather
than purely transitory or fully permanent shocks. In order to capture the full
effect of a given shock, we thus evaluate its impact on match output and on
worker outcomes in terms of expected present values (EPV). And to study
both worker and firm shocks we use match output rather than an aggregate
measure such as value added. Second, a shock in our model alters the incentive
structure and hence job transitions — its overall effect is no longer limited to a
single firm-worker relationship. We thus compute the EPV of wages and output
both for the case where workers and employers are forced to stay together, as

well as for the case where workers can choose to move to new employers or into
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Table 5: Passthrough analysis

mobility x1 shock 2 shock
utility passthrough outcome only 0.27 0.11

yes 0.25 0.18
wage passthrough  yes 0.33 0.42

no 0.24 0.67

Notes: Passthroughs are computed as the elasticity of the discounted present
value of worker outcomes with respect to match output. Mobility is removed in

row 4 for wages, and in rows 1 and 4 for productivity. See Appendix A3.2.

unemployment. Third, one can go beyond focusing on wages and instead look at
the impacts on the total lifetime utility of the worker, which accounts for effort
and risk aversion. We therefore contrast the wage passthrough, based on the
present discounted value of wages, with a utility passthrough, computed as the
change in the constant consumption equivalent of the worker’s promised value
with and without the shock. We compute passthroughs as an elasticity at the
individual level and average over the stationary distribution. In Appendix A3.2,
we show how this approach can map onto previous definitions of passthrough
in the literature.

The results of our passthrough analysis are presented in Table 5. In our
preferred specification (row 1), we report the passthrough of an innovation shock
in z; and 2 to a worker’s total lifetime utility and find 0.27 and 0.11, respectively.
In other words, a productivity shock, which raises the EPV of output in a given
firm-worker match by 10%, translates into an increase in the worker’s lifetime
utility amounting to a 2.7% and 1.1% higher constant consumption equivalent,
respectively. Here, the worker outcome incorporates the present value of utility,
including wages at future employers. The measure of the shock in terms of
match output is not affected by the contractual environment or endogenous
mobility and hence is exogenous. This allows us to interpret the passthrough as

reflecting the contractual decision by the firm about how much of an exogenous
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shock to transmit to the employee. Alternatively, we can allow for labor mobility
in production (row 2), and find similar values (0.25 and 0.18). In order to isolate
how much of the overall utility effect is due to the changes in wages, we compute
wage passthroughs and find elasticities of 0.33 for worker shocks and 0.42 for
firm shocks (row 3). These measures are very sensitive to the assumption that
no separation occurs, which results in an overstated passthrough value for z
shocks (0.67) and a lower elasticity for z; shocks (0.24). In conclusion, these
findings suggest a significant amount of shock passthrough. They also show

that both wages and mobility are important components of firm insurance.

5.2 Policy evaluation

The previous results show that while workers are partially insured by their
employers, they still face non-negligible earnings uncertainty. Here, we consider
how a policy maker might attempt to mitigate this uncertainty through tax
policies that alter the level of earnings inequality faced by individuals. For
instance, a government may wish to tax individuals with high incomes in order
to pay transfers to low earners. Such a progressive tax schedule may contribute
to earnings stabilization.

We analyze the effect of a revenue-neutral tax policy that redistributes in-
come from high to low wage earners. Budget neutrality respects differences
in total benefits paid due to changes in the unemployment rate. We follow
Heathcote, Storesletten, and Violante (2014) and parameterize the policy as
Wnet =T0Wgross, Pick a set of values for 7y and solve for the revenue-neutral 75 in
the estimated model. Lowering 71 reduces the progressivity of the tax schedule
and dictates a higher 7y, whereas increasing 7, has the opposite effect. In Table
6, we report the effect of the tax policies 77=(0.9,1.1) on the cross-sectional
variance of annualized earnings and earnings growth, net of measurement error.

The first two columns report the policy effects on gross and net wages, holding
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Table 6: Effect of revenue-neutral policies

baseline contracts reoptimized contracts
gross net gross net

r(logw®) 0146 0.117 (=19.7%) 0.151 (+3.8%) 0.123 (—15.6%)
Var(Alogw®) 0.005 0.004 (—22.6%) 0.005 (+4.0%) 0.004 (—14.3%)
)
)

Va
(= ( (=
Less progressive  Var(logw®) 0.146  0.175 (+19.9%) 0.140 (=3.7%) 0.172 (+17.9%)
(mn=11,70=0.87) Var(Alogw®) 0.005 0.006 (+15.5% (—8.4%) 0.005 (+9.6%)

More progressive
(7'1 = 0.9,7’0 = 115)

o —

0.004

Notes: Policies take the form wnet=Towg},ss- Baseline contracts are fixed, while

reoptimized contracts include equilibrium responses of workers and firms to the
policy. Percentage changes are relative to the baseline estimation. Outcomes

are annualized and exclude measurement error.

the decisions of workers and firms fixed. These numbers can be interpreted as
the intended policy effect. However, labor market contracts are generally free
to change in response to new tax policies. Hence, the last two columns show
the same effects under full equilibrium reoptimization of contracts.

We find that if a government redistributes from high to low earners, almost
40% of the protection against variation in earnings growth is undone by a re-
duction in firm-provided insurance. In other words, firm insurance is crowded
out by public insurance. To see this, note that the more progressive policy
achieves a 22.6% reduction in wage growth variation under baseline contracts,
but falls well short of this when allowing for contract reoptimization. The rea-
soning is as follows: firms are aware that the government is providing insurance
to their workers and so they choose to pass on more productivity risk to them.
The new equilibrium contracts thus stipulate higher (+4.0%) pre-tax variation,
which attenuates the effect of the transfer policy to a 14.3% reduction in wage
growth variance. A less progressive tax policy, due to a higher 7y, increases
the net wage growth variance (+15.5%) without contract adjustments. Since
this reduces workers’ utility, firms counteract the policy by setting less (—8.4%)
variable gross wages. But as the firms’ remedial actions are incomplete, the

final wage variation is still more volatile (+9.6%) than under the baseline sce-
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nario. A similar crowding-out effect of 10—20% dampens the policy impact
on wage variances. This exercise demonstrates how, at realistic parameter val-
ues, accounting for firms’ decisions to provide insurance can have important

implications for the effectiveness of government-provided insurance.

6 Conclusion

In this paper, we study different sources of earnings uncertainty faced by workers
in the labor market. We develop an equilibrium model with search frictions
and show that the optimal contract between firms and workers prescribes a
wage that smoothly tracks both positive and negative worker and firm shocks,
deviating from the prediction of a perfectly competitive model. We provide
conditions for identification and estimate a parameterized version of the model
using Swedish matched employer-employee data. Our main findings are that
shocks are only partially transmitted to worker earnings and that firms insure
their workers extensively against non-permanent worker shocks. We extend
prior definitions of passthrough in order to incorporate job mobility. Finally,
we show that publicly provided insurance substantially crowds out insurance
provision by firms.

Future work could extend the current model in several ways. Including sav-
ings, which would allow individuals to self-insure, is an important next step
despite being computationally and theoretically difficult. Other work could
build on the block recursivity of the equilibrium in order to study aggregate
shocks and evaluate the cost of business cycles in an environment with firm in-
surance. Another promising avenue for future work is to include heterogeneity
across firms and examine how the provision of insurance links to firm size by al-
lowing for permanent heterogeneity, amenities at the firm level or heterogeneous
vacancy costs. One could also link the question of passthrough to commonly

found collective agreements in the labor market, such as guaranteed minimum
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wage increases, limitations to write long-term contracts or common pay compo-
nents. These extensions, which are constraints on the contracting space, could
build on the results developed in this paper.

Finally, we believe that the insurance framework developed here will be use-
ful for other research agendas where relational long-term contracts and insur-
ance provision, together with search frictions, are important. For example, this
framework may prove useful for those working on relational banking, insurance

markets and repeated buyer-seller transactions.
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A1l Model appendix

Al1l.1 Existence of equilibrium

Proof of Proposition 1. First, fix an arbitrary ¢ € R, ,. Let p. be the unique

positive solution for p of the equation
er(p) =¢

V I, Jn € Jsuch that || J,,, — J,.|| < pe. Lemma W14 implies that ||TJ,,, — T'J,,|| <
€, which means that the equilibrium operator 7" is continuous. Next, let p, and
p. denote the minimum distance between distinct elements associated with the
sets X and Z, respectively. Also, let || - ||z denote the standard norm on the Eu-
clidean space S x V. Let p. = min{ve, p,, p.}. For all (z1,21, V1), (22, 20, Va) €
S x V such that [|(xg, 29, V) — (21,21, V1)||z < pe and for all J € J, Lemma
W13 implies that T'J satisfies the property (J1) of the set J and, consequently,
(TJ) (xg, 22, Vo) — (T'J) (x1, 21, V1)| < €. Hence, the family of functions 7T'(J)
is equicontinuous. The lemma also implies that the Bellman operator is self-
mapping. The lemmas can be found in the web Appendix W1.2.

From these properties, it follows that the equilibrium operator T satisfies
the conditions of Schauder’s fixed point theorem (Stokey, Lucas, and Prescott
(1989), Theorem 17.4). Therefore, there exists a value function J* € J for the
firm such that T'J* = J*. Let 8* denote the market tightness function computed
with J*, which then gives rise to vacancy value and mass functions II* and ¢*,
respectively. J* and 0* pin down the active job distribution h*, a worker reten-
tion probability p* and a search return function denoted by 7*. Denote as U*
the unemployment value function computed with 8* and let p* be the associated
mass of unemployed workers. Let £* denote the contract policy function com-
puted with J*, 0% p* and U*. The functions {J*, 0%, p*, 7, U* II*, h*, ¢*, u*, &}

satisfy the conditions in the definition of the recursive search equilibrium. [
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A1.2 Characterization of the optimal contract
Proof of Lemma 1.

Uniqueness of v and e*. Recall that given (z, W;) the policies v} and e*

solve:

max u(w) — c(e) + Bé(e)Ex[U(x')|z] + (1 — d(e))rp(6(x, v1))vy

v1,€

+ A1 = 0(e))(1 — rp(0(x, v1)))Wi.

Note that vi(z, W;) can be determined independently of the effort choice and is
equal to m(z, W;) and thus inherits its uniqueness, monotonicity and continuity
in W;. Next, we normalize 6(e) = 1 — e (or equivalently redefine ¢ such that

c(e) = c¢(671(1 —e€))). Then the first order condition for effort

c(e) = Brp(B(x, vi(z, W7))) (vi (2, Wi) — Wi) + BW; — BEx[U(a')|z]

reveals that under the assumption that ¢(-) is strictly convex and twice differen-
tiable, the effort policy e*(x, W;) is also uniquely determined. Furthermore, the
effort policy function inherits continuity and differentiability a.e. from p(x, W;)

and D(x, W;).

p(z,W,;) is continuous, differentiable a.e. and increasing in W;. Now,

consider the composite transition probability, rewritten as
ﬁ(xv Wl) 26*(1’, Wl) (1 - "iﬁ@;? VVZ)) )

which is continuous and differentiable a.e. because the right hand side exhibits

these properties. We take the derivative with respect to W;
Pz, W;) =" (2, W;) (1 — kp(x, W;)) — ke*(x, W) p' (z, W;) > 0,
where the inequality uses the fact that e*(x, W;) is increasing in W; and that

p(z, W;) is decreasing in W; as shown in Lemmas W12 and W5, respectively.
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7(x,W;) is increasing and differentiable a.e. in W; and 7 (z,W;) =
pp(x, W;). Finally, we use the envelope condition to compute the derivative

of 7#(x, W;) with respect to W; as

(x, Wi) = Be’(x, Wi) (1 — kp(0(z, vy (z, Wi))) = Bp(z, W),

which proves that 7(z, W;) is continuous and differentiable a.e.

Monotonicity of J in z. Let’s consider two different match qualities z; < 29
where 21, 2o € Z. The intuition guiding the following proof is that a firm starting
at (x,z2) can mimic the strategy of a reference firm in state (z,2;) and make
more profits than its reference competitor. We then show that the mimicking
strategy, albeit feasible, delivers lower profits than the firm’s best strategy.

Let & be the optimal history-contingent policy of a reference firm starting
at (z,z1,V) and let ht = (s*,¢") € S* x [0, 1]" denote the entire shock history of
productivity, match quality and lottery realizations. Then expected profits are
given by:

(.2, V) = f;z 57 () = waa () ) Aval),
t=1 h
where wq 4(h'), e1,(h") and vy ,(h') are the contract policies implemented by &;
and Aq4(hY) = 1tﬁl(l —d(er-(h7)))(1 — kp(O(x;,v1,(h7))) is the composition of
all separation Igr;)(i)abilities on the path.

Next, we change indexing from histories h' to realizations (¢t;w) € [0, 1] in

the probability space by ordering the histories lexicographically (such that the

rank is determined first by worker productivity z, next by lottery realization ¢

and last by match qualities z). This allows us to rewrite expected profits as:
J(x, 2, V)= [ Y g (f(q:(t;w), 21 (t;w)) — wl(t;w)>A1(t;w) dw.
t=1

Because of independence between x and z, it is inconsequential for z(t;w)

whether the firm starts in (z,z1) or (x,25). However, 2zo(t;w) > z1(t;w) be-
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cause the transition function g(-,-) is assumed to be monotonic and zo > z;.

Consider now the following value of a job starting in (x, z9, V):
> gt (f(x(t, w), z2(t;w)) — ws (t; w))AI(t; w) dw,
t=1

which delivers the same value V' to the worker because all wages, all x realiza-
tions and all transitions are identical to the ones associated with &;. Since this
contract starts at zo while using the optimal strategy of the reference firm at
21, it equals at most the value of its own optimal strategy, i.e. Jo < J(x, 29, V).
Given that histories are constructed such that V(t;w), zo(t; w) > 21 (t;w), it holds
that

J(x,22,V) > Jp = /Zﬁt 1(f w), z2(t;w)) — wl(t;w)>A1(t;w) dw
> 07 (el 2t1) = i) Ao ) o
= J(x,z,V),

which gives the result. See Dardanoni (1995) for more details on properties of

monotonic Markov chains. O

Recall the expected profit equation:

J(ZL', Zy V) HV%/a)I%/ Z T (f(xa Z) —w; + 6ﬁ($7 VVi>E:c’z’[‘](x/7 Zla I/Vicc/z/)|l'7 Z])
T3, W5, Vi, ’L’I‘IZI i=1,2
st V<> m(u(wy) + 7z, W)
1=1,2

(wi) I/Vz = Ex’z’[m:rf’z”xaz]a

Zﬂ-i:l’

i=1,2

where \ and w; denote Lagrange multipliers on constraints.

Lemma A1l (Wage and lifetime utility). For a given (x,z), a higher wage

always means higher lifetime utility.
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Proof of Lemma A1. This is a direct implication of the concavity of J, the en-

velope condition and the first order condition for the wage:

1

w(w)’

J (2,2, V)= —

Note that the wage w; = w is constant due to u/(w;) = 1/\. The concavity of

u(+) then implies that w and V' always move in the same direction. [

Proof of Proposition 2. From Lemma A1, the wage in the current period is given
by

1

) 1
P= 12 ) = 3= m e

and rolling this expression forward shows the wage next period in state (2, 2’)

satisfies:

- —J,<l’/, 2/7 Mx’z’)~

u/ (ng’z’)

Next, the first order condition with respect to W; is
ﬂ—iﬁfj/(’xa Wi)EZ"Z’[‘](xlv 2/7 VVix’z’)’xa Z] + )\77-1'7':/(3;', WZ) + Wi = 07

which can be rewritten after substituting 7(x, W;) = pp(x, W;), derived in

Lemma 1, as:
i 80 (0, Wi By [J (2!, 2, Wigr ) |, 2] + Ami Bp(x, W;) + w; = 0.
To replace w;, we use the first order condition for W, .., which is
TiBp(x, Wi)J' (2, 2, Wigrr) — w;i = 0,
resulting in the following expression:
P (2, W) By [J(2, 2, Wigr) |, 2] + Mp(x, W) + pla, W) J' (2, 2/, Wigr) = 0.
Focusing on p(z, W;) > 0 and m; > 0 (because otherwise the worker is leaving
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the current firm and the next period wage is irrelevant) we now rewrite:

ﬁ/(x, ”1) o A
- Epo|J(x y 2y Wil 2 )| T, 2] = —J(x y 2y Wigtz) — A
FERTA [J( Wiarzr)|2, 2] ( Wiar)

We finally use the envelope condition to express the right hand side in terms of

current and future wages:

P (x, W) ;o 1 1
7Em’z’ J ) Ay Wiac’z’ s - - y
B,y o 2 Wl 2] = s = s

where since p'(x, W;) > 0 the inverse marginal utility and consequently wages

move according to the sign of the expected surplus of the firm. Introducing

n(x, W;) = ’Z((;”’VV[‘/?)) = alogfé;’wi) > 0 and using the fact that the wage in the

following period must be independent of the realization of ' and 2/, we can
state the result:
1 1

w(wh)  u(w)’

77(% M)EI/Z/[J(xI7 Z/a Wix’z’)‘xa Z] =

which shows that within each realization of the lottery, the wage will move in

line with expected profits. O]

Proof of Proposition 3. This proof establishes existence and uniqueness of the

target wage, before turning to the transition towards it and monotonicity.

Existence of w*. To begin with, we show that there exists a W*(x, z) that
renders the continuation value zero, M(z,z, W*(x,z)) = 0. On the one hand,
M(x,z,W) < 0 for very large W. Imagine that the firm promises more to
the worker than it could possibly produce, even if it kept the highest possible
productivity and match quality forever. Then its continuation value cannot
be positive. On the other hand, M(x,z, W) > 0 for very small W. If the
firm promised very low wages to the worker, then it could either make positive
profits or the worker could leave the firm, leaving it with a zero continuation

value. Hence, clearly there exists a promised value for which M(x,z, W) > 0.
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Next, recall from Lemma W3 that M (z, z, W) is continuous in W, based on the
continuity of J in V' and the Maximum Theorem. This means that M (z, z, W)
is continuous and there exists a promised value W* where it crosses (or touches)
Zero.

Finally, since there exists a value W*(z, z) that satisfies M (z, z, W*(x, z)) =

0, there exists a wage associated with this W*(z, z), given by:

1
« A B
w'(z,2) = u ( Jf<xf,z',W;/z/<x7z>>>’

where W} (2,2) = argmaxw , By [J(2, 2/, Wyo)|z, 2] st. W¥(z,2) =
Epr o [Wero|x, 2]. This is the target wage w*(x, z), which shows that it exists.

Uniqueness of w*. The next goal is to show that given a fixed (z, z) there
is a unique w*(x, z) such that the continuation value of the firm is zero. Since
M (z,z,W) is a strictly decreasing function of W, the value W*(x, z) rendering
the continuation value zero is unique. The fact that a unique W*(x, z) implies
a unique w*(z,z) is proven by contradiction. Suppose that despite a unique
value W*(x, z), there are two different target wages wj(x,z) < wi(x, z). Then
it must be that J'(a, 2, Wi, . (z,2)) > J'(a, 2, W5, (x,2)) from the target
wage’s definition.

Now, for both target wages the J'(z/, 2/, W}, . (x,z)) do not depend on
(2',2"). To see this, consider the first order condition for W, in the opti-

mization of M:
Jl<$/, Zl, W;/z/) = w,

where w is the Lagrange multiplier on the constraint. Although the Lagrange
multiplier itself could be non-unique, within each of the two potential solu-
tions considered here, it must hold that J'(z',2', W}, (x,2)) does not de-

pend on (z’,z") because w does not depend on (z',2'). As a consequence,

the condition that J'(2',2', Wi, . (x,2)) > J'(«, 2, W3, (x,2)) implies that
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Wiz, z) < Wa.(x, z) at each (2/,2"). Taking expectations conditional on
starting from the same (x, z) leads to B,/ (Wi, |z, 2] < Ep o [Wou |2, 2], which
equals Wi (z, z) < W3 (z, z). But this is a contradiction to the fact that W*(x, z)

is unique, which establishes uniqueness of the target wage w*(z, z).

Randomization over increase and decrease. A firm never chooses a lottery
to randomize over a wage increase and a wage decrease at the same time. If
the lottery is degenerate the result holds directly, so we focus on non-degenerate
lotteries. In that case the first order conditions with respect to m; must be equal
to zero (otherwise we are at a corner solution, which is the degenerate case).

Combining the first order conditions for i = 1,2 gives:

6ﬁ<x> Wl)Ex’z’[J(x/a Zl; Wlx’z’)|xv Z] + )\f(l‘, Wl) -
Bﬁ(‘ra W2)Ex’z’[<](x/7 Zla W2m’z’)|x7 Z] + /\7:(1[‘, WQ))

or in reordered form:

ﬁﬁ(xa W1>Ex’z’[J(xla Zlv Wl:p’z’)|x7 Z] - 6ﬁ<x7 WQ)E:B’Z:’[J<I/7 Zl? WQm’z’)‘xv Z] =
A[F(w, Wa) — 7z, W1)] .

Now, suppose that the randomization yields two expected profits of opposite
sign for the firm, i.e. in realization 1 expected profits are positive and in real-
ization 2 negative. The left hand side in the above expression is then positive.
For the right hand side to be positive, it must hold that W5 > W; because 7 is
increasing in W, and because the Lagrange multiplier A is positive. However,
Proposition A1 states that the wage will move according to the sign of the ex-
pected profit, and so w] > wj. Lemma Al further shows that at each (2/,2') a
higher wage implies a higher value Wi,/,, > Ws,.,,. Taking expectations it must
be that W7 > W, which is a contradiction. So, firms never randomize over

wage increases and decreases at the same time. Instead, wages move according

A8



to the sign of expected profits independent of the randomization.

Overshooting w*. The next period wage does not overshoot the target wage
w*, which we show by contradiction. Suppose the wage in lottery realization 1
w overshoots w* from below, i.e. lottery outcome 1 yields a wage increase and
next period’s wage is higher than the target wage, and assume that in lottery
realization 2 the wage increases exactly up to the target wage: w] > w) = w*.
The associated expected firm profits are then such that they are positive in the

first realization and exactly zero in the other:
EI/Z/[J(I’/, Z/, Wlx’z’)|x7 Z] > Ex/z/[J(ZL'/, Z,, ng/z/)|x, Z] =0

Using w} > w) and concavity of the utility function implies:
1 - 1
u'(wy) — u!(wp)

_J,(xlu Z/’ lev’z’) > _Jl(xla Z/a W2$’z’)

Wlx’z’ > W2:L"’z’
Ex’z’[t]<x/7 Zl? Wlx’z’)|x> Z] < Ex/z/[J($,7 Z/a W2x’z’)|$7 Z] = 07

where the transformations use Lemma A1 and the fact that J is a decreasing and
concave function. The result contradicts our initial supposition and so wages
do not overshoot the efficiency wage. Further, it is impossible that both w] and
wl overshoot w* from below because this would imply negative expected profits
and contradicts that wages grow, so overshooting in both lotteries from below
is also ruled out. Similarly, one can make a similar argument for overshooting
from above.

This result has two additional implications: First, it proves that if one lottery
outcome gives a higher continuation value to the firm it is accompanied by a
lower wage increase. Second, if a firm pays the efficiency wage the continuation

values in both lottery outcomes are zero.
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Monotonicity in z. The final step is to show that the efficiency wage w*(z, z)
increases in z. Recall that J(z,z, V) is increasing in z and decreasing and
concave in V' but that the target wage for a firm currently in state (x, z, V) is not
a function of V. Let’s consider z; < 25 such that w*(z, z1) < w*(z, 22) needs to
be shown. Call & the optimal policy for J(z, z1, V1) where V; delivers w*(z, z1).
Assume a firm in state (z, 22, V1) now adopts the same policy £, namely it pays
w*(z,z1) to a worker who receives V. The firm makes more profits than if it
was at 27 because f(z,z) is increasing in z and its continuation value is larger
as well due to the monotonicity in g(z,v). However, the optimal policy at z; is
to pay a higher wage wj > w*(x, z1) to trade some output for a longer expected
lifespan. At the same time, the optimal wage retains a positive continuation
value such that w) < w*(z,z23). This implies that w*(z,2) < w*(z, 22) and

concludes. N

A1.3 Solving the model

The main difficulty resides in solving the firm’s problem because directly tack-
ling BE-F requires finding the promised utilities W;,,., in each state of the world
for the next period. This becomes infeasible as soon as reasonable supports are
considered for z and z. Therefore, instead of solving BE-F directly, we solve

the following Pareto problem:

Plazp)=inf  sup Y m( o, 2) = wit p(ulw) + (e, W)
Y, Wi > W (2) =12
— B, W)W + B, W B, [P, 2 ), 2]

where

P(x,z,p) =sup J(z,z,v)+ po.
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The following proof establishes its equivalence with the original problem. It
exploits that the first order condition with respect to W; reveals that the utilities

promised in different future states are linked to each other.

Proof. We have the following recursive formulation for J:

J— . J— . D - ! ol ! ! 1! >/
J(x,2,V) = o 1:2122 ue (f(a:, z) — w; + Bp(x, W) By [J (2, 2/, Wigr )|, z])

st () V=3 m(u(w)+ 7z, W),

i=1,2

(Wi) VV@ = Ex’z’[VVix’z’|x7Z]'
Consider the Pareto problem
P(x,z,p) =sup J(z,z,v) + pv,

for which a recursive formulation can be constructed as follows. We initially

substitute the definition of J together with its constraints into P and get:

P(z,2p)=  sup 2:m(ﬂx&)—wr+@%uW®Em+Nﬁ&CW%wNL4>+pV

Vi wi Wi , W, 10 i=1,2

st (A V=> m(u(wi)Jr'F(w,m)),

i=1,2

(wi) VVZ = Ex’z’ [I/Vix’z’|m7 Z]~
At this point we can substitute in the promise-keeping constraint:

Plazp) = s ¥ m(fw2) = wit Bpla W) (@2 Wi, 2

Wi,wi,Wi,Wiz/Z/ 7;:172

+ p(ulwy) + 7, W)

s.t (wz) Wi = Ex’z’[m:v’z’|$az]-

For reasons that will become clear in the next step, we split the case where
the worker potentially separates from the case where the match survives with

certainty. To that end we define W (x) as the value such that p(x, W(x)) = 0.

All



As a consequence, the Pareto problem always delivers at least the value that

promises W (z). We then rewrite the Pareto problem as:
P(z,z,p) = max{Poi(z, 2, p), Pu1(z, z,p)}

where Py (z,z,p) uses W; = W (x) in the first outcome of the lottery but
Wy > W (z) in the second realization, while Py;(z, z, p) refers to promised values
Wy, Wy > W (x). The case in which the match discontinues with certainty is
subsumed under Py; because the lottery can be assumed to be degenerate with
m = 1.

First, P11 can be written as:

Pii(z, 2, p) = sup doom (f(a:, z) — w;

Wi , Wi > W (), W, 11 =12
+ ﬂﬁ(xa I/I/'L')Ez/z/[t](x,a zla Wim/z/)‘xa Z] + P(u(wz) + f(l', VV’L)))

s.t (wz) VVZ = Ex’z’ [V[/ix’z’|x7 Z]'

We introduce the w;-constraints in the optimization with weight Sw;p(x, W;)

where p(z, W;) > 0 since W; > W(x):

Pii(x, z,p) =inf sup Z ; (f@a z) —w; + P(U(wi) + 7(z, VVz))

Y i Wi W (), Wi i=1,2

- ﬁwiﬁ(xv Wz)(Wz - Ex’z’ [VVix’z’ ’flf, Z])

+ B, WOB ol I/, 2, Wi, 2] ).
and combine the terms to get:

Pu(z, z, p) = inf sup dom (f(x, z) —w; + p(u(wi) + 7(z, Wz))

Y w, WS W (@), W, 140 i=1,2

1T

- Bwiﬁ<x7 VV%)VVz + Bﬁ<x7 Wi)Ex’z’[J<x,7 Zla VVim’z’) + wiWix’z’|x7 Z]) .
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The final step is to split the sup

Pule,zp) =it sup 5 m(f(o2) = wit plulw) + (o, W)

¢ omwi, Wi>W () 4=1,2

- ﬁwiﬁ<x7 VVZ)I/VZ + ﬁp(xa Wi)Eaz’z’ sup J(iL‘l, 2/7 VVi:):’z’) + wiWix’z’ z, Z] )7

1z’ z

and to use the definition for P:

Pii(x, z,p) = inf sup > wi(f(x,z) —wi+p(u(wi)+f(x,VVi)>

Wi, Wi>W () i=1.2

- ﬂwiﬁ(l‘a VVZ)VVZ + 5ﬁ(xa VVi)]Ea}’z’ [P(ZIZ'/, zla wi)|x7 Z]) :
Second, turning to Poy;:

Poi(z,z,p) = sup ™ (f (x,2) = wy + Bp(a, W (2)) B [J (', 2, Wiw)| 7, 2]
ﬂi,wi,W2>w(x),Wm/z/

4—p(u(uq)4-f(x,M/cx»)>
+m<ﬂmd—w@+BﬂLW@Emﬁﬂf¢CthNL4
+ p(u(ws) + 7z, Wz)))
st (wi)) Wi=Epo[Wipalz, 2],
We can use i(z, W (z)) = 0 and #(z, W () = BE,[U(z')|z]. Hence:

Poi(z,2,p) = sup T (f(iﬂ, z) —w; + P(U(wl) + 5Ex'[U($/)‘$])>

mi,wi,Wa>W (x),W, 1 s

1z’ z

o ( F(2,2) — ws + B(w, W) Bar [T (2, 2, Waar) 1, 2]

+ p(u(wg) + F(z, Wz)))

s.t (wl) Wz = Ez’z’ [Wix’z’ |I‘, 2]7

where the choice variables W; and Wi,.,, disappear and so does the constraint
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associated with w;. We apply the same treatment as in the case of Py; to get:

Poi(z, 2, p) = inf Sup m (f(xaz)_wl+p<u(w1)+BEw’[U(x/)|x]>)
w2 wi,WQ>K($),W2z/Z/

3 fl2) = wz o+ p(ulws) + 7w, W2)
— B, W)W + B, W Eurs [P(a', '), 2] ).
Finally, notice that using W7 = W (x) is simply relaxing the strict constraint
on Wi in Py, in which case w; becomes indeterminate but also irrelevant, and

we can continue to minimize with respect to it. Combining the two options in

a single expression yields:

P(x,z,p) = inf  sup > m(f(x, z) —w; + p(u(wi) + 7(z, Wz))

© oy, Wi>W (2) j=1,2

— Bwip(x, W)W, + Bp(x, W;)Ep . [P(2', 2, w;)|, z])

From the solution of this recursive problem we can reconstruct the lifetime
utility of the worker V' at a given (z, z, p) from the partial derivative of P with

respect to p:
V(z,2,p) =P'(z,2,p),

or inversely, at state (z,z,V) let p*(z,z,V) be the solution to the previous

equation:
V =P (z,zp*(zx,2,V)).
The profit function of the firm can then be expressed as:

J(x,2,V) = P(x,z,p"(x,2,V)) — p*(z,2, V)V.
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A2 Data appendix

A2.1 Data sources

We rely on the raw matched employer-employee data set constructed in
Friedrich, Laun, Meghir, and Pistaferri (2019) that combines information from
three different data sources made available by The Institute for Evaluation of
Labour Market and Education Policy (IFAU).! The reader can refer to their
paper for additional information.

The first source is the Longitudinal Database on Education, Income and
Employment (LOUISE) that provides data on demographic and socioeconomic
variables for the entire working age population in Sweden from 1990 to today.
We use information about age and gender.

The second data set is the Register-Based Labor Market Statistics (RAMS),
which tracks the universe of employment spells in Sweden from 1985 onward.
RAMS includes the gross yearly earnings and the first and last remunerated
month for each employee-firm spell, as well as firm identifiers at the Corporate
Registration Number level. On the firm side, RAMS records information about
the industry and the type of legal entity for all firms with employees.

Finally, the Structural Business Statistics (SBS) is the third data source and
contains accounting and balance sheet information for all non-financial corpo-
rations in Sweden from 1997 onward. Notably the data reports a measure of
value added at the firm and year level in the variable named FORBRUKN-
INGSVARDE as well as the reported employment size. See Table Al for how
this variable is constructed.

All monetary variables are adjusted for inflation (detrended with the CPI)

and to construct firm productivity, we remove broad industries interacted with

14A special thanks to Benjamin Friedrich, Lisa Laun, Costas Meghir and Luigi Pistaferri
for their help and to the IFAU for their continuous support.
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yearly time dummies.

Table Al: Construction of value added: FORBRUKNINGSVARDE

sign variable description and name

Raw materials (at VE level)

Other external costs (at the VE level)

Social costs and other costs

Other operating expenses

Losses on receivables

Other consumable equipment with a life expectancy of more than one year
Costs for travel and hotel mediated

Ground rent /RENT

Other costs in other external costs not counted as consumption
Severance pay

Pension payments

Received grants and allowances for staff

Compulsory social contributions

Wage Taxes

Other charges

Pension Provisions

Pension insurance premiums, etc.

Other costs in other operating costs not counted as consumption
Received contributions accounted for as cost reduction

Foreign exchange losses on claims and liabilities relating to operations
Profit / loss on disposal of tangible and intangible assets

Abandoned / redeemed shareholder contributions (Rest rorkost, v0139)
Group contribution (Rest rorkost, v0139)

Income Shares in partnerships and limited partnerships (Rest rorkost, v0139)
Profit / loss on disposal of shares (Rest rorkost, v0139)

A2.2

Our analysis focuses on the period 2001-2006. The sample includes all firms
whose legal entity is either a limited partnership or limited company other
than banking and insurance companies. We inherit two restrictions applied to
the original data construction, namely that spells with monthly earnings below

3,416 in 2008 Swedish krona as well as spells spanning less than two months of

Sample construction

employment (i.e. if the start is the same as the end month) are excluded.

In order to abstract from labor force participation, we focus exclusively on
men in the age range between 20 and 50. Indeed, both women in their 30s and

men after age 50 appear to show participation and earnings shifts. All self-
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Table A2: Data description

Number of year observations 5,599,375
Number of year observations with 12 months worked 3,463,405
Number of unique workers 1,158,954
Number of unique firms 72,767
Employment share 0.86
Mean log earnings among full-year observations 12.65
Variance of log earnings among full-year observations 0.14

employed workers are dropped from the original sample, but we include active
and non-active job seekers to account better for mobility in and out of work. On
the employer side, we restrict the sample to firms with positive reported value
added. For these firms we construct a measure of value added per worker by
dividing the value added measure (FORBRUKNINGSVARDE) by the reported

firm size. We denote this variable as y;; for employer j in year ¢.

Quarterly employment status. We aggregate the data to quarterly fre-
quency in order to compute transition rates. For individuals with multiple jobs
during a quarter we keep the main employment, defined as the employment
that accounts for the largest share of quarterly earnings. We define a worker as
employed if he is working at least 2 months for any employer during the quarter.
The quarterly data has the set of columns (i, g, jiq), where g counts time at the
quarterly frequency and j;, = 0 if individual ¢ does not have any employment

records in quarter q.

Full-year earnings. For all moments relying on earnings and value added,
we further focus on full-year employment spells, i.e. spells for which the data
reports 4 quarters of employment with the same firm. The earnings and value
added data contain the set of columns (i, ¢, jit, Wi, Y ), where ¢ counts time at the
yearly frequency, j; = 0 if individual ¢ does not have any full-year employment

record in period ¢, w;; are earnings and y;; = v, +-
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A3 Counterfactuals appendix

A3.1 First best

We start with the original firm problem:

J(z,2,V) = max. >om (f(x, 2) —w; + Bp(x, Wy) By [J (2, 2, Wigr )|z, z])
T3, Wi Wi, W11 i=1.2
st (N V=3 m(ulw) + iz, W),
i=1,2

(wi) VVZ = E:L”z’[m:c’z’|xaz]-

However, in the first best case, where the firm is no longer constrained by
incentive constraints, it can dictate both the worker’s effort and search decisions.

So, we substitute out 7(-) and p(-) and solve the following dynamic problem

instead:
JP(z. 2. V) = max 7T~< T, z) — w;
( T ) Wi , Wi , W01 ,1,€4,0; 1:21:2 ! f( ’ ) !

+B(1 = 5(er)) (1 — wp(0(x,v))))Earar [J7 (2", 2, Wi |2, Z])

st (A V=Y m(u(w) - cle;) + 8(e;) BB [U (') ]

i=1,2

+ Br(1 = 6(e))p(O(r, v) (v = W;) + B(L = 6(es))W3).
(wi> VVz - Ez’z’[w/iz’z’|xaz]~

We define the first best Pareto problem:
be(x7 Zs p) = sup Jfb(x7 2, U) + pv,

and derive, analogously to the solution strategy of the baseline model (see Ap-

pendix A1.3), the following Bellman equation:
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P(x, 2, p) = inf sup doom <f(3c, z) — w;

Y, Wi W () vi,6i 4=1,2
T p(u(w;) — ele;) + 3(e) BE[U ()]
- BR(1 = 3(e) (8w, v2)) (0 — W) + B(1 = 5(e:)) W)
— Bur(1 = 3(e)(1 — kpl(B(a, )W
+ B(1 = 8(es)) (1 = kp(B(a, v5)) Enr [Pf”(z’,zcwmx,z]).
Now note that the first order conditions for w; and W;, the envelope condition

of J/* and the definition of P/*(x, 2, p) deliver A = p = w;. The Pareto problem

thus simplifies to:

be(x,z,p) = sup Z 5 (f(a:, z) — w;

T3 ,Wi,Vi,€4 i=1,2
+ p(ulws) — eles) + 8(e) BB U () [a] + Bre(1 = 6(es)p(O(, v3))v;)
+ 61 = 3(e)) (1 = mp(6(e, 0 JEara [P, 2, )2, 2] ).
Solving for P/°(x, z, p) is easier than solving for J/°(z, z, V) directly because we
can use an exogenous grid for all state variables, including p, and reduce the

number of maximizers. Nevertheless, J/%(x, z, V) can be subsequently recovered

from P/(z, z, p) through:

Jfb(m,z,V) = be(x,z,p*(x,z,V))—p*(:r;,z,V)V,

where p*(x,2,V) is defined as the p that equates the partial derivative of P/°

with the promised value V.
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Figure A1l: Average impulse response to x change at first best
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Figure A2: Average impulse response to z change at first best
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A3.2 Passthrough analysis

Let us start describing the passthrough analysis by defining three outcome vari-
ables in each state (z,z, V). The first outcome of interest is a wage equivalent

of the present value of the worker’s utility, defined as:
WP (V) = uH (1= B)V).

Next, we define an expected present value (EPV) of transfers, which includes
all future wages w and benefits b paid to the worker. We do this for two sets
of histories, one where we follow the worker, and one where we force the cur-
rent match to continue to exist. To be precise, using the equilibrium policies
/) € &, we define our second outcome of interest as the solu-

*
(wi, el v, vy, Wi,

79590 iz’ 2!

tion to the following recursive equations:

DY (@) =(1 = B)b + Bp(8(x, v5)) Ear [ (a7, 20, v5) |2]
+B(1 = p(0(z, v5)) B [p° (") 2]
w2, 2, V) =(1 = B)w; + Bd(e])Ewr[p™Y (2/)|2]
+B(L = 0(e7))p(B(, v5;) ) B [ (2, 20, v3;) 2]
+B(L = 0(ef))(L = p(O(x, v}y)Ear [ (2, 2/, Wigrr) |, 2],

where transitions are guided by the equilibrium policies. Finally, the third

outcome is defined in the same way, except that the match is forced to last:
wEPV-EE(J;7 2, V) :(1 o B)wz* 4 BEI/z/[wEPV_EE(ZE,, Z/, VViz’z’>|fL'; Z].

Turning to our two measures of output change from the underlying produc-
tivity shock, we define on the one hand f¥V(z, 2, V) exactly like w™V(z, 2, V),
and on the other hand fEPV-EE(z 2 V) exactly like w™V-EE(z, 2, V), where in
both cases w; is replaced with f(z, z).

Consider a shock that shifts the current productivity of an individual in state
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(z,2,V) to (z',2'). We can then compute the difference between the values
at VO=W;:, o(x,2,V) and V=W, i (z,2,V), where W, € & is evaluated
at the initial state (z, 2, V) and it holds that (z°,2°)=(z, z). This allows us to
compare the present value in both realizations of the shock, (20, 2°) and (z*, 21),
precisely at the point where the firm provides insurance. Using V instead of
VO=W, o(z, 2, V) would include backloading, rather than strictly look at the
effect of the shock. We report the passthrough as the average over individuals
across states (z, z, V') taken from the stationary equilibrium in the economy.
Our preferred definition of the passthrough is the average of the ratio of
the effect on the log wage equivalent logw®®V(V) to the change in the log

productivity change in the match log fEPV-PE. We write:

Alog w™V (V)
Alog fFPVEE(z, 2, V)

E

Notably, in a simple unit root process with constant passthrough of a per-
manent shock and with log utility, this yields the same passthrough parame-
ter reported in conventional decompositions. Too see this, consider logy; =
log yiz—1 + pi and log w;; = log w1 + Y + wie. For simplicity, abstract from
separations and let u;; and p;; be ii.d. random normal draws. The expected
present value with log utility for a given value of u satisfies V' () = V(0) + 5
and hence Alogw®RV(V) = ~vpu. Similarly for the productivity we get that
Alog fEPV-EE — 1 even in present value because the p shock is permanent.
This results in a passthrough value of v and hence lines up with the conven-
tional definition.

Note that the parameter v in this simple joint process of logy;; and logw;,
can be recovered by adapting the estimator of Guiso, Pistaferri, and Schivardi

(2005) to the case where processes are unit root with i.i.d. measurement error.
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It is given by:
Covgee [A log wit, Alog ?/it}

v = :
Vargee {A log yit} + 2Cov grEE [A log v, Alog ;1

Computing this ratio using the data moments in Table 1 gives an estimate for
~ of 4.5%. This captures how much of a permanent shock to value added per
worker is transmitted to worker’s earnings. It appears to be of the same order
of magnitude as the passthrough reported for the value added per worker in
Guiso, Pistaferri, and Schivardi (2005) of 7.8% in column 7 of Table 8.

Our approach in terms of expected present values has the advantage of being

independent of the functional form imposed on the process of w;; and y;;.

A24



	Introduction 
	The contracting model
	Environment
	Worker's problem
	Firm's problem 
	Equilibrium
	Contract characterization
	Incentive vs. insurance trade-off
	Backloading
	Transmission of productivity shocks
	Estimating the contracting model
	Model specification
	Data
	Moments of interest
	Model fit

	Results analysis
	Understanding the optimal contract
	Policy evaluation


	Conclusion 

	Model appendix
	Existence of equilibrium
	Characterization of the optimal contract
	Solving the model

	Data appendix  
	Data sources
	Sample construction
	Counterfactuals appendix
	First best
	Passthrough analysis




