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Abstract

We introduce dynamic incentive contracts into a model of inflation and unemploy-
ment dynamics. Our main result is that wage cyclicality from incentives neither affects
the slope of the Phillips curve for prices nor dampens unemployment’s response to
shocks. The impulse response of unemployment in economies with flexible, procyclical
incentive pay is first-order equivalent to that of economies with rigid wages. Like-
wise, the slope of the Phillips curve is the same in both economies. This equivalence
is due to effort fluctuations, which make marginal costs rigid even if wages are flexi-
ble. Our calibrated model suggests that 46% of the wage cyclicality in the data arises
from incentives, with the remainder attributable to bargaining and outside options. A
standard model without incentives calibrated to weakly procyclical wages matches the
impulse response of unemployment in our incentive pay model calibrated to strongly

procyclical wages.
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1 Introduction

Macroeconomists have long argued that wage rigidity is important for business cycles (Keynes,
1937). If wages do not respond to shocks, then marginal costs vary little. On the basis of this
insight, many models incorporate rigidities that reduce the cyclicality of wages and marginal
costs, dampening inflation dynamics (Gertler, Sala and Trigari, 2008; Blanchard and Gali,
2010; Christiano, Eichenbaum and Trabandt, 2016) and amplifying unemployment dynamics
(Hall, 2005; Gertler and Trigari, 2009; Gertler, Huckfeldt and Trigari, 2020).

One difficulty for theories of wage rigidity is the empirical prevalence of incentive pay
schemes, such as piece-rate pay, bonuses, profit sharing, commissions and stock options. In
the United States, approximately half of all workers receive some incentive pay, including
30% of bottom-decile earners (Lemicux, Macleod and Parent, 2009; Makridis and Gittleman,
2018). Furthermore, incentive pay is relatively flexible: bonuses are raised and lowered
frequently at the micro level (Grigsby et al., 2021) and have been found to be strongly
procyclical in some, though not all, studies (Bils, 1985; Devereux, 2001; Shin and Solon,
2007; Swanson, 2007). On theoretical grounds, Barro (1977) conceptualizes employment
as an optimal long-term contract between a worker and a firm. If this characterization is
accurate, then features of the contract beyond the rigidity of the spot wage, such as incentives
and insurance, are crucial.

This paper investigates how incentive pay affects wage rigidity in a model of dynamic
incentive contracts. We consider a setting with moral hazard and persistent idiosyncratic
shocks similar to that of Edmans, Gabaix, Sadzik and Sannikov (2012), which we embed in a
model with labor search and sticky prices resembling Gertler et al. (2008), Blanchard and Gali
(2010), Christiano et al. (2016) and Ravn and Sterk (2021). In the model, risk-neutral firms
match with risk-averse workers in a frictional labor market and produce output as a function
of idiosyncratic and aggregate productivity and worker effort. Firms observe their output
and aggregate productivity but cannot distinguish between idiosyncratic productivity and
effort. Therefore, firms propose flexible incentive pay to overcome moral hazard, conditioning
wages on output and the aggregate state to balance the aim of incentivizing effort with that
of insuring the worker. Our model allows incentive pay to be procyclical if the value of effort
falls during recessions, consistent with the micro evidence of wage cyclicality.

Our main result is that wage cyclicality due to incentives neither dampens the response
of unemployment to shocks nor raises the slope of the Phillips curve for prices. To make this
point, we first study a version of the flexible incentive pay economy without bargaining or
procyclical outside options, in which all fluctuations in wages are due to incentives. Then, we

prove an equivalence result: the impulse response of market tightness to labor demand shocks



is the same in both the flexible incentive pay economy and an economy with exogenously
fixed real wages as in Hall (2005), as long as both models are calibrated to the same steady-
state labor share. Therefore, procyclical incentive wages do not per se mute the response of
unemployment to business cycle shocks since a model in which wages for both incumbents
and new hires are fixed over the business cycle yields the same unemployment response. We
find a similar implication for price inflation: the slope of the Phillips curve relating prices to
unemployment is the same with either flexible incentive pay or rigid wages as in Hall (2005).

This result may be surprising: a standard argument is that flexible incentive pay would
reduce marginal costs during contractions, dampening the response of unemployment to
shocks and raising the slope of the Phillips curve for prices. This is the central argument
of Weitzman (1986): an economy with incentive pay will feature more cyclical wages, which
should dampen the economy’s response to shocks. Indeed, our optimal incentive model
can generate quite pro-cyclical wages; however, this wage cyclicality does not dampen the
responsiveness of either unemployment or inflation.

The intuition behind our contrasting result relates to incentives. As is standard, the
response of marginal costs and profits to aggregate shocks determines unemployment and
inflation dynamics in our model. With flexible incentive pay, wages may fall after a contrac-
tion, dampening the response of profits. However, there is a less standard incentive effect.
A decline in wages may weaken incentives, and so reduce effort, which amplifies the fall in
profits and mutes movements in marginal costs. Under the optimal incentive contract, in the
absence of bargaining or outside option fluctuations, the incentive and wage effects of wage
changes on profits cancel out exactly because of an envelope theorem. Therefore, profits and
marginal costs in the flexible incentive pay economy behave as if neither wages nor effort
had responded to the aggregate shock. That is, the appropriate notion of marginal costs
behaves similarly to a rigid wage model because the cost per effective unit of labor is indeed
rigid even if measured wages are highly pro-cyclical.

Our result is distinct from the well-known result of Pissarides (2009) that incumbents’
wages are not allocative in long-term employment relationships. Wage cyclicality from in-
centives does not raise the cyclicality of marginal costs even if the wage for new hires and
the present value of wages at the start of a job are highly procyclical. The novel aspect of
our result is that shifts in the present value of incentive wages are exactly offset by effort
movements along the optimal contract.

If incentive wage cyclicality does not mute the response of employment or inflation to
shocks, what kind of wage cyclicality does? Our second analytical result concerns wage
cyclicality that arises because the optimal contract must promise more utility to the worker

in booms—due to, for instance, surplus sharing, bargaining, or outside option fluctuations.



Such non-incentive wage cyclicality does dampen the impulse response of unemployment, as
in standard models without incentives. Standard models, which do not feature incentives,
might understate the “effective” degree of wage rigidity by attributing all wage cyclicality
to these non-incentive sources.

Although dynamic incentive contracts are often hard to characterize outside special cases,
even without aggregate risk (e.g., Holmstrom and Milgrom, 1987), our results apply for
utility functions with general forms and for shock processes with arbitrary persistence.! We
sidestep this difficulty by characterizing the dynamics of profits without characterizing the
optimal contract, using a suitable envelope theorem from the applied mathematics literature
on sensitivity analysis (Bonnans and Shapiro, 2000). Therefore, our first-order equivalence
result is general and applies even when the expression of the optimal contract is intractable.

These results suggest that to relate wage cyclicality to inflation and unemployment dy-
namics; researchers should assess to what extent wage cyclicality is due to incentives. The
final part of this paper pursues one path toward this goal. We calibrate a version of our
model to match micro moments of wage adjustment, such as the variance of incumbent wage
growth and the pass-through of idiosyncratic profitability shocks—both of which inform the
strength of incentives—as well as new hire wage cyclicality, which informs the cyclicality of
workers’ outside options and their bargaining power.

Our third result is numerical: wage cyclicality attributable to incentives accounts for
approximately 46% of overall wage cyclicality.” Therefore, the response of unemployment
to business cycle shocks is large in the calibrated model, even though wages are relatively
procyclical. We also show how to calibrate a simple version of our model with bargaining
but without incentives, similar to standard models. To generate the same unemployment
impulse response as the full model, the model must be calibrated for only nonincentive wage
cyclicality—i.e., 54% of the overall wage cyclicality in the data, a number like —0.54.

Our results suggest that researchers studying wages, inflation, and unemployment should
account for the extent to which incentives affect wage cyclicality. Models without dynamic
incentive contracts should target weakly procyclical wages with respect to measures of overall
wage cyclicality in the data to compute impulse responses to shocks. However, we stress that
our numerical results are a first step and urge future empirical work to distinguish the wage

cyclicality that is attributable to incentives from that arising from other factors.

'We also establish a similar result with endogenous separations (Mortensen and Pissarides, 1994) and
limited worker commitment. Our model also nests tournaments.

2Note that incentive wages can account for a small share of steady state wages but a large share of wage
cyclicality. For instance, if incentive pay is 5% of compensation and workers receive a 2% wage cut in a
recession, incentive wage cyclicality would account for 100% of wage cyclicality if all of the 2% wage cut
came from incentive pay.



Let us mention two caveats. First, our equivalence result applies to the response of un-
employment and inflation to business cycle shocks, which is the object commonly of interest
in macroeconomics. However, the response of other variables will differ between the incen-
tive pay and rigid wage models. For instance, labor productivity and output dynamics will
differ between the two economies because of the endogeneity of effort, evoking a notion of
capacity utilization (Burnside, Eichenbaum and Rebelo, 1993; Christiano, Eichenbaum and
Evans, 2005). Therefore, our result is not related to the unconditional volatility of unem-
ployment. Likewise, consumption dynamics will differ across the two economies, given the
rich notion of endogenously incomplete markets in the incentive pay model. Second, our
mechanism depends on effort and wages positively comoving over the business cycle, consis-
tent with available time series evidence.® However, procyclical fluctuations in effort are hard
to measure.

Related literature. A large literature has developed models consistent with the micro-
evidence on state-dependent price setting but tractable enough to allow the study of aggre-
gate rigidity, in part via analytical equivalence results with respect to simpler models (e.g.,
Alvarez, Le Bihan and Lippi, 2016; Auclert, Rigato, Rognlie and Straub, 2022). In paral-
lel, other papers try to isolate which micro moments on price setting are most relevant for
aggregate price rigidity, concluding, for instance, that sales are irrelevant (e.g., Kehoe and
Midrigan, 2008; Eichenbaum, Jaimovich and Rebelo, 2011). We aim to provide a model that
is consistent with the micro-evidence on wage setting, but that remains analytically tractable
via an equivalence to simpler models with rigid wages. By doing so, we isolate which micro
moments on wage setting are relevant for the economy’s response to shocks—that is, wage
changes unrelated to incentives.

The literature on wage setting finds that measures of wages that plausibly relate to
incentives—such as annual earnings per hour or bonus pay—often seem more flexible, whereas
measures of pay excluding incentives, such as base pay, tend to be rigid. This result seems
true not only for job-stayers’ wages (e.g., Solon, Whatley and Stevens, 1997) but also for
new hires’ wages. For instance, studying base wages for new hires from online vacancy
postings and from administrative payroll data, both of which contain detailed job-level in-
formation, Hazell and Taska (2022) and Grigsby et al. (2021) find limited procyclicality of
nominal and real wages. Studying wages for new hires from survey data that do not sepa-

rately report non—base pay, papers such as Bils, Kudlyak and Lins (2022a) find procyclical

3For instance, diverse measures of worker effort—from time use surveys, variable capacity utilization, and
information on workplace injuries—fall during recessions (Burda, Genadek and Hamermesh, 2020; Fernald,
2014; Gali and Van Rens, 2021). Further, the pass-through of idiosyncratic firm shocks to wages is procyclical
(Chan, Salgado and Xu, 2023), consistent with firms seeking to incentivize more effort during booms.



real wages.*® The measure of wage cyclicality is the comovement between wages and unem-
ployment, which in turn has become a calibration target of many papers in the literature
linking wage cyclicality to unemployment fluctuations (e.g., Pissarides, 2009). A model is
needed to determine the relevant notion of wage cyclicality for unemployment dynamics in
the presence of incentive pay. Our contribution is to provide such a model-—which can be
calibrated to microdata—to clarify that wage cyclicality arising from incentives does not
mute the response of unemployment to business cycle shocks. As a result, calibrating wage
rigidity using the comovement between wages and unemployment, without considering the
role of incentives, can be misleading.®

Our paper also contributes to the large literature relating wage rigidity to unemployment
dynamics (e.g., Fukui, 2020; Blanco, Drenik, Moser and Zaratiegui, 2022). Many papers
study wage setting with exogenous and fixed worker effort and find that wage rigidity leads
to large unemployment fluctuations whereas flexible wages dampen these fluctuations.” Our
contribution is to study wage setting with endogenous and variable effort via flexible incentive
pay contracts. We show that highly procyclical unemployment can coexist with flexible and
procyclical wages as long as incentives determine wage cyclicality and provide additional
results about inflation dynamics.

A few papers consider unemployment dynamics with effort. First, Moen and Rosén
(2011) and Zhou (2022) consider models with incentive contracts and wage posting, finding
numerically that incentives amplify unemployment fluctuations. Second, Fongoni (2020)
considers a labor search model in which wages affect effort because of exogenous reference-
dependent preferences and notes that the response of effort to wage changes amplifies business
cycle shocks. We contribute a model with dynamic incentive contracts, which allows a tight
mapping to the micro evidence, connects to simpler models with wage rigidity, and contains
an envelope result that explains the amplified fluctuations in unemployment.®

Finally, our paper builds on the literature studying moral hazard and its macroeconomic

4See Kudlyak (2014), Basu and House (2016), Doniger (2019) and Bellou and Kaymak (2021) for related
papers on the cyclicality of the wage for new hires.

SGrigsby et al. (2021), studying a time period and dataset different from those in Bils et al. (2022a), also
find that bonus wages are adjusted frequently but are not cyclical.

6An alternative strategy is to calibrate to the comovement between wages and output per worker (e.g.,
Hagedorn and Manovskii, 2008). As we discuss in Section 3, this approach is infeasible in the presence of
nominal rigidities.

TAn incomplete list of papers from this vast literature includes Azariadis (1975); Beaudry and Dinardo
(1991); Shimer (2005); Hall (2005); Hall and Milgrom (2008); Gertler and Trigari (2009); Elsby (2009);
Rudanko (2009); Briigemann and Moscarini (2010); Kennan (2010); Gertler, Huckfeldt and Trigari (2020)
and Elsby and Gottfries (2022).

8Bils, Chang and Kim (2022b) show that large employment fluctuations can exist despite new hires’ wages
being flexible if incumbent workers’ wages are rigid and effort is contractible. Instead, we study a canonical
model of dynamic incentive pay with noncontractible effort.



implications (e.g., Holmstrom and Milgrom, 1987; Phelan, 1994, Sannikov, 2008; Doligalski,
Ndiaye and Werquin, 2023). These optimal contracting problems are challenging because the
firm must maximize expected profits among a hard-to-characterize continuum of incentive-
compatible contracts. We contribute to this literature in two ways. First, we analytically
study the business cycle implications of moral hazard frictions. Second, we derive our main
result without relying on an explicit form of the optimal contract by applying an enve-
lope theorem to the principal’s objective—therefore, our results apply under more general
assumptions than much of the literature.

Outline. Section 2 presents a static model similar to that of Holmstrom (1979), which
provides intuition for the role of incentive effects and the irrelevance of incentive wage cycli-
cality for the response of unemployment to shocks and the slope of the price Phillips curve.
Section 3 develops a dynamic labor search model with long-term incentive contracts and
sticky prices. Section 4 provides analytical and numerical results on the share of wage cycli-

cality attributable to incentives versus bargaining and outside options. Section 5 concludes.

2 Illustrative Static Model of Incentive Pay

This section explains our results in an illustrative and static Diamond-Mortensen-Pissarides
labor search model with nominal rigidity. We consider two alternative models of wage setting.
The first model features a static incentive contract as in Holmstrom (1979), resulting in
procyclical and flexible wages. The second model has exogenously rigid wages and effort as
in Hall (2005). We first show that wage cyclicality due to incentives does not dampen the
response of market tightness, and thus unemployment, to labor demand shocks. We then
introduce nominal rigidities and show that the slope of the Phillips curve is the same with

either rigid wages or flexible incentive pay.

2.1 Incentive Wages and Unemployment

Environment. We start without nominal rigidity and add this ingredient later.
Frictional labor markets. There is a unit measure of workers who begin the period
unemployed. Workers randomly search for vacancies in a frictional labor market. Workers
end the period employed if they match with a vacancy and otherwise end the period un-
employed. There is a continuum of risk-neutral firms. Firms can post vacancies at a cost
of k per vacancy. 6 is the measure of vacancies posted. Since a unit measure of workers
is unemployed at the start of the period, 8 is also market tightness—the ratio of vacancies

to unemployed workers. Given search frictions, the probability that an individual vacancy



¥ a decreasing and isoelastic function of the measure of

matches with a worker is ¢(0) = 0
vacancies posted.

Technology. If a firm and worker match, they produce the numeraire good with a
production function y(a,n,z) = z(a +n). Here, 2z is an exogenous aggregate productivity
term that affects all firms, a is the effort of the employed worker, and 7 is an exogenous
idiosyncratic “noise” shock to production drawn from some distribution (7).

Workers. Workers have risk-averse preferences over consumption ¢ and labor effort a,
given by a utility function u(c,a) that is strictly increasing and strictly concave in ¢ but
weakly decreasing and concave in a. If workers end the period unemployed, they consume
unemployment benefits b and exert no effort, attaining utility B = u(b,0). If employed, the
worker exerts effort and is paid a wage of w, which she consumes.

Information. Aggregate productivity z is common knowledge. Firms are able to observe
their workers’ output, but they do not observe effort a and noise n separately. Workers choose
effort before the noise 7 is realized. Thus, firms’ expected profits from a filled vacancy are
J(z) = E,[2(a + 1) — w|, where the expectation is over values of .

Free entry. Free entry requires that the expected profit from posting a vacancy equals

the cost of posting the vacancy, which implies

k= q(0)J(2). (1)

Now, we introduce two models of wages and effort.

Flexible incentive pay economy of Holmstrom (1979). When a firm and worker
match, the firm offers the worker a contract that specifies a suggested effort level a(z) and
wages as a function of output realizations w(z, y). Crucially, the firm cannot condition wages
directly on effort, which is unobservable, leading to a moral hazard problem. Therefore, the
firm maximizes profits subject to an incentive compatibility constraint (IC) and a participa-
tion constraint (PC). The IC requires that the suggested effort level is an optimal choice for
the worker given the wage contract offered by the firm. The PC requires that the worker’s
expected utility at the start of the contract is at least B(z), which we term the ex ante
utility of the contract. Procyclicality of B(z) reflects any reason why a worker may have
higher utility from employment in a boom, such as bargaining over a surplus or a pro-cyclical

outside option.



The firm’s problem after meeting a worker is

Jee(e) = e Ela(a(z) ) — () ®)
subject to a(z) € arg r£1(3§< E, [u(w(z,v),a(z))] [IC]
B, [u(w(z,y), a(2))] = B(2). [PC]

Our notation makes explicit that wages may depend on realizations of both z and y (and
thus the idiosyncratic component of output a + n) but that the firm is uncertain over the
realized value of 7. Let a*(z) and w*(z,y) denote the contracted effort and wage levels as a
function of productivity and output realizations.”

As usual, this contract implies a tradeoff between incentives and insurance. Absent moral
hazard, firms would fully insure workers against wage risk. With moral hazard, firms pass
idiosyncratic noise shocks through to workers’ wages to provide incentives. This model allows
flexible pay since the firm can freely adjust wages subject to the IC and PC without further
restrictions. The firm can freely vary wages with z, potentially leading to procyclical wages.

Wages may potentially be procyclical — i.e., positively covary with aggregate productivity
z in expectation — for two reasons in this economy: either due to the nature of the incentive
problem or due to fluctuations in promised utility B(z). To cleanly study the role of flexible
incentive pay, we first shut down bargaining and cyclicality in workers’ outside options by
setting B(z) equal to a constant B. As such, all wage fluctuations in the economy stem from
incentives for the remainder of this section. Section 4 considers such nonincentive reasons for
wage cyclicality in the dynamic model, where the optimal contract can account for cyclical
outside options of workers by flexibly conditioning on the aggregate state.

Rigid wage economy of Hall (2005). In this benchmark model, wages and effort are
exogenously fixed at @ and w, irrespective of z. Let J%# be the value of a filled vacancy in

this economy.

Role of incentives. We now study the response of labor market tightness to shocks to
labor demand z and emphasize the role of incentives. First, note that the response of
labor market tightness to labor demand shocks depends on the dynamics of profits, as is
standard in Diamond-Mortensen-Pissarides search models with free entry. To see this, totally

log-differentiate the free entry condition (1) with respect to aggregate productivity z and

9Though the mapping is not exact, one can informally think of a bonus as the component of wages
associated with incentives, whereas base pay is the component of wages associated with promised utility. For
instance, base pay may be the wage payment under the lowest possible realization of 1, which moves with
ex ante utility, whereas bonuses may be wage payments above that lowest level.



rearrange to obtain

dlnf 1 dlnJ 5
dlnz v dlnz ()
That is, the elasticity of market tightness with respect to aggregate productivity z is propor-

tional to the elasticity of expected profits per worker to z, where the constant of proportion-
ality depends on the elasticity of vacancy filling rates with respect to vacancies. Moreover,
the employment rate n is determined by the job finding rate f(6), which is proportional to
vacancies and given by f(6) = 617, Therefore, to understand the response of employment
to aggregate productivity shocks, it is sufficient to study the response of profits per worker.

To solve for the response of profits, we differentiate expected profits J(z) = E, [2(a+n)—w]

with respect to z, which implies

progggfitvity ’_/W&gReS ’Aincentives
dJ(z) B ﬁ & dw LLE da )
d: " dz Sz

The first-order response of profits to aggregate productivity may be decomposed into three
terms. The first is the direct productivity effect: production rises with productivity, ceteris
partbus. The second is the wage effect: when productivity rises, wages may also increase,
which lowers profits, all else equal. The third term reflects an incentive effect: effort may
respond to aggregate productivity shocks. The direct productivity and marginal cost effects
are common in DMP search models. If wages are procyclical, so dw/dz is large, then profits
and employment may respond little to productivity shocks in those models.

The incentive effect is less standard. In particular, if effort increases with exogenous
productivity, then profits may respond strongly even if expected wages are procyclical. Thus,
procyclical incentives might offset the effect of wages on profits, leading to large employment
responses despite the procyclicality of wages. Wage cyclicality dampens the response of
unemployment to productivity shocks only insofar as wages move more than effort.

Incentives mattering for employment dynamics does not depend on the technology or
a specific model of wage or effort setting. Equation (4) remains true regardless of the
contracting environment or whether contracts are set optimally. Different models merely
imply a different direct productivity, wage, and/or incentive effect. Next, we consider these
effects in the flexible incentive pay economy of Holmstrom (1979) and the rigid wage economy
of Hall (2005).

Incentive wage cyclicality and unemployment dynamics. Now, we derive our first

key result: wage cyclicality due to incentives does not dampen the response of unemployment.



To the first order, the response of employment to labor demand shocks is the same in a
flexible incentive pay economy as in an appropriately calibrated rigid wage economy—even
if incentive pay is highly procyclical.

First, consider the response of profits to z in the rigid wage economy. Here, both the
incentive and wage effects in equation (4) are trivially zero because neither effort nor wages
respond to z. Therefore, the response of profits to labor demand shocks is just the direct
productivity effect: dJ®89(2)/dz = a.

Second, consider the flexible incentive pay economy. Differentiating profits in the incen-
tive pay economy (equation (2)) and applying the envelope theorem, we see that dJ™meentive /q» =
a*(z). Only the direct productivity effect remains, exactly as in the rigid wage economy.'’

This result holds because the wage and incentive effects are equal sized under the optimal
contract so that their effects on profits cancel out, leaving only the direct productivity effect.
Although wages and effort may adjust, these fluctuations do not affect the profit of a firm that
is optimally choosing effort and wages. The equivalence holds even if wages are procyclical
under the optimal contract so that dw/dz is large.

To gain intuition, suppose that an increase in z leads the firm to encourage higher effort.
All else equal, higher effort raises profits. To encourage the worker to provide higher effort,
the firm raises the pass-through of idiosyncratic output into wages. The worker then faces
more risk, for which she must be compensated with higher average wages. Ultimately, wages
are procyclical and flexible. All else equal, higher wages lower expected profits.

The effects of higher effort and higher wages on profits, however, exactly cancel each other
out. The reason is that under the optimal incentive contract, the firm is indifferent at the
margin between increasing expected wages and increasing worker effort. Changes in effort
and wages induced by a small change in z have exactly offsetting effects on expected profits.
Expected profits respond to productivity shocks as if neither wages nor effort had changed,
just as in the rigid wage economy. The response of profits—and thus market tightness—is
the same in the rigid wage and flexible incentive pay economies as long as both economies
are calibrated to have the same direct productivity effect (a = a*). One can understand this
result as stating that, on the optimal incentive contract, the marginal cost to the firm of
producing an additional unit of output is rigid. This is the sense in which procyclical and
flexible incentive wages do not dampen unemployment dynamics.

A numerical example illustrates this equivalence. Figure 1 plots the behavior of the rigid
wage economy (blue line) and the flexible incentive pay economy (red line). Both economies

are calibrated to have the same expected wage and effort (and thus profits and employment)

10T his logic can also be applied if effort is observed and chosen by the firm without an incentive constraint.
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Figure 1: Employment, wage and effort fluctuations in the static model
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Notes: These figures plot the level of employment (Panel A), expected wages (Panel B), and effort (Panel
C) as a function of aggregate productivity z in the static model. The red line plots these functions for the
flexible incentive pay economy. The blue line plots these functions for the rigid wage economy, calibrated to
have the same wage and effort as the flexible incentive pay economy for z = 1.

when 2z = 1.'' The horizontal axis of each plot represents exogenous labor productivity z,
while the vertical axis plots model-implied employment, expected wages, or effort.

Panel A shows the equivalence of the employment dynamics: the rigid wage and flexible
incentive pay economies generate identical responses to aggregate labor productivity z in
the neighborhood of z = 1. The two models also generate nearly identical employment
movements in response to 5% fluctuations in aggregate productivity. This result illustrates
the envelope theorem in practice: profit dynamics depend only on the direct productivity
effect, which is locally the same in both economies under our calibration.

Panel B shows that expected wages are procyclical in the incentive pay economy. There-
fore, the employment dynamics are the same even though wages fall significantly during

contractions in the incentive pay economy. Note that since all workers begin the period

UFor this illustration, we assume that workers have exponential preferences u(c,a) = — exp(—r(c — “—22))
The unemployment benefit b is calibrated to be 0.4, 1 is assumed to be normally distributed with mean
0 and standard deviation 0.2, and the parameter governing risk aversion r is 0.8. For simplicity, following
Holmstrom and Milgrom (1987), we solve for the optimal linear (in output) contract.

11



unemployed and employment contracts last for one period, this procyclical wage reflects a
procyclical present value of wage payments to new hires. Panel C shows the countervailing
force: effort also responds strongly to z in the incentive pay economy. Therefore, incentives
offset the stabilizing effect of wages on profits. As a result, in the incentive pay economy,

large employment responses can coexist with procyclical wages.?13

2.2 Incentive Wages and the Phillips Curve

We now extend the illustrative model to allow nominal rigidities and derive a Phillips curve
mapping from prices to unemployment. The model is a simplified static version of the one
in Christiano et al. (2016). There are two sectors: a retail sector with sticky prices and
a wholesale sector that hires workers in a frictional labor market identical to the baseline
model described above. The ingredients are standard, so we discuss them only briefly.
Retail sector. A unit measure of retailers sells varieties of Dixit—Stiglitz goods to a final
output producer, subject to a price setting friction. In particular, retailer j produces output
Y; = AH;, where H; is the quantity of a wholesale good purchased at a real price z and A is
an exogenous total factor productivity (TFP) term. Retailer j is subject to a Dixit—Stiglitz

demand curve Y; = (P/p;)”“Y, where p; is the price of retailer j, ¥ = [fol (Y»l—i dj} a1

1
is aggregate output and P = [ fol pjl-_adj] % s the aggregate price index. Therefore, z/A
represents real marginal costs to the retail sector.

At the beginning of the period, retailers anticipate a particular marginal cost z/A and
set their prices as a markup p over that cost: pjo = pz/A. After setting this price, there is
an unanticipated shock that leads real marginal costs to move to Z//z\4, e.g., because A moves.
The retailer then experiences a Calvo-style sticky price friction: a fraction p of retailers can
adjust prices after observing shocks to real marginal costs. If retailers are able to adjust
prices, they fully pass through the changes in real marginal costs into prices: p;; = p - z//\a.
The remaining 1 — p share cannot adjust their prices. We define price inflation II as the
growth in the price of the final good between the start and the end of the period.

Wholesale sector. In the wholesale sector, firms sell an aggregate quantity of wholesale
output at a competitive real price z, given a per worker production function a+n, and hence
earn real revenue per worker z (a + 7). These firms match with workers in a frictional labor

market as above. The only difference between the real search model above and the model

12We assume that a and z are complements, which makes both wages and effort procyclical in the op-
timal incentive contract. Without complementarity, wages and effort could be counter- or acyclical, but
employment would still have the same response in the rigid wage and flexible incentive pay economies.

13In Appendix A.4, we recapitulate these arguments with an explicit functional form for the contract,
using the framework of Edmans and Gabaix (2011).
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with nominal rigidities is the interpretation of z. In the pure search model, z is an exogenous
term representing labor productivity. Here, z is the real price of a unit of wholesale output—
i.e., a component of marginal costs for the retail sector—which is determined endogenously.

Slope of the Phillips curve for price inflation. We now derive the static Phillips
curve linking inflation to employment and show that it is the same with rigid wages or
flexible incentive pay. We define the Phillips curve as the relationship between inflation and
vacancies, given that vacancies are proportional to employment. First, note that after a
shock to real marginal costs, only a fraction p of retailers change their price and fully pass
through changes in marginal costs z/A. The remaining retailers do not change their prices.
Therefore, inflation is, to the first order, Il = dIn P = pdIn z — odIn A. To derive a Phillips
curve, we, therefore, must derive a relationship between real marginal costs z and vacancies
0. Note that the results from the real model above apply to the wholesale sector so that, in

both the incentive pay and the rigid wage economies, we have

dln€_1 z dJ_l za

dinz  veq(0)dz  vrq(0)

The first equality follows from the free entry condition (1) and the elasticity of profits (3),
and the second equality follows from our previous result that the gradient of profits dJ/dz
equals the direct productivity effect a in both the rigid wage and incentive pay economies.
Pairing the expression for dInf/dInz with the expression for inflation leads to a Phillips

curve relationship between vacancies and inflation:

g (6)

za

II=0ptdlnf — odln A, for =

(5)

Equation (5) shows that the slope of the Phillips curve is the same in the economy with either
flexible incentive pay or rigid wages. The equation links inflation to changes in vacancies
and TFP, given a shock to marginal costs. The slope of the Phillips curve is g¢, the product
of nominal rigidity ¢ and “real rigidity” ¢ arising from the frictional labor market. The two
economies have the same mapping between vacancies and inflation, given a parameterization
0, U, Kk, so long as they have the same initial values of wholesale revenues za* = za, vacancies
0, and the same shock to TFP A. The Phillips curve has a familiar form but does not contain
an inflation expectations term because of the static setup. It is written in terms of vacancies,
which are proportional to unemployment.

The intuition for this result relates to the behavior of marginal costs. The flexible incen-
tive pay economy and the rigid wage economy may have different wage dynamics. However,

the appropriate notion of marginal costs—the wage per effective unit of labor—behaves sim-
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ilarly in the two economies. The Phillips curve encodes a relationship between inflation and

marginal costs and so does not vary across the two economies.

3 Dynamic Models with Incentive Pay

This section studies a dynamic model with long-term incentive contracts. We first introduce
the labor search block of the model and establish the irrelevance of incentive wage cyclicality
for the response of market tightness—and therefore unemployment—to exogenous revenue
productivity shocks. Then, we embed the labor search block into a model with nominal
rigidities similar to the one by Christiano et al. (2016) and show that the slope of the
Phillips curve is the same with flexible incentive pay or rigid wages.

The dynamic model recognizes that labor contracts are long-term relationships and that
incentives are dynamic (e.g., Barro, 1977; Sannikov, 2008). Dynamic moral hazard problems
are known to be analytically challenging (see, e.g., Golosov et al. (2016) for a discussion).

However, we derive our results under fairly general assumptions using our envelope argument.

3.1 DMP Search Model Environment

Labor market. The labor market follows the standard DMP model. Time is discrete. A
large measure of risk-neutral firms matches with workers and produces output. A unit mass
of workers is either employed or unemployed and searching for a job. Let n; denote the
measure of employed workers at the start of period ¢, while u; = 1 — n; is the measure of
unemployed workers looking for jobs. Fluctuations in labor market variables are driven by
technology, which follows a first-order Markov process {z;},-, with lower and upper bounds z
and z. Denote the history of this process until ¢ by 2z = {2, ..., 2:}, and denote the marginal
distribution of z* by 7;(2*|z0).

Firms post vacancies v; to recruit unemployed workers. The number of matches made
in period ¢ is given by a constant-returns-to-scale matching function m (u, v;); labor market
conditions are summarized by market tightness 6, = v;/u;, with a job finding rate ¢(6;) =
m (ug,vy) Juy and a vacancy filling rate ¢; = q(6;) = m(us,v)/ve. Let vy = —dlng,/dIn6,
denote the period t elasticity of the job filling rate with respect to 6;. Maintaining a vacancy
has a per period cost k.

At the end of period t — 1, an exogenous fraction s of workers separate from employment

and enter unemployment. The unemployed search for new jobs, so u; evolves as

wp = w1+ (1 —ugq) — d(0i_1)ug_1(1 — s). (6)
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Preferences and consumption. Workers have time-separable risk-averse preferences
over consumption ¢; € [¢,¢| and effort a; € [a,a] and discount future payoffs by a factor
B € (0,1). Preferences are summarized by u (¢, a), where u is strictly increasing and strictly
concave in ¢, strictly decreasing and strictly concave in a, and Lipschitz continuous.

Employed workers consume their wages in each period, with newly hired workers produc-
ing output and receiving a wage in the period in which they are hired. Workers not hired in
the current period exert no effort and are paid unemployment benefits b (z;), a differentiable
function of the aggregate state, receiving flow payoff £(z;) = u(b(z),0).

Therefore, the value of an unemployed worker at the start of period ¢ is

Ulzt) = ¢ (00) € (2) + (1 — ¢ (0r)) (§(20) + BE[U (2041) |24]) (7)

where £(z) is the worker’s value if she begins employment when aggregate productivity is z.

Firms and vacancy posting. Firms are risk neutral and maximize expected profits with
discount factor 8. Firms operate a production technology that is constant returns to scale in
the number of employees; therefore, we consider one-worker firms without loss of generality.
Consider a firm ¢ that successfully matches with a worker at time 0 and starts producing
in the same period. The firm’s output in period ¢ is yi; = f (24, M), where f is strictly
increasing and continuously differentiable in its arguments and 7;; is an idiosyncratic shock
to the firm’s output that is independently distributed across firms. Henceforth, we omit ¢
subscripts to ease notation.

At the beginning of the period, before the current value of 7, is realized, the worker exerts
effort a, that affects the distribution of idiosyncratic shocks. We assume a general process
for n;, which allows for arbitrary persistence and depends on the worker’s effort. The process
has lower and upper bounds 7 and 7, respectively. Define a history of idiosyncratic shocks
n = {no, ...,n:}. We characterize the process for 7, by a probability measure m; (n;|n'~!, a'),
which gives the probability of 7, being realized given the history n'~! of past idiosyncratic
shocks and the worker’s history of actions a' = {ao,...,a;}. Thus, workers’ effort affects
output by shifting the distribution of 7 realizations.

Vacancies may be freely posted at cost k. Let J(zy) be the firm’s value if it matches with
a worker in some initial period ¢ = 0 when aggregate productivity is zg; the value for a firm

of posting a vacancy at time 0 is then
Io(20) = q(60)J (20) — k- (8)
Free entry into vacancy posting guarantees that this value is zero in equilibrium. We entertain
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two possibilities for wage setting.

Flexible incentive pay economy. In this economy, wages are set according to a dy-
namic incentive contract. The firm observes the initial value of zy and will later observe all
realizations of aggregate shocks {z:}2°,. Firms additionally observe idiosyncratic shocks 7;
in every period of the match. However, they do not observe workers’ effort a;. They thus
cannot observe whether an output realization is high because the worker exerted high effort
or received a lucky idiosyncratic shock, a classic moral hazard problem.

When a firm and a worker meet, the firm offers the worker a contract to incentivize
effort and maximize firm value. A contract specifies a wage function mapping idiosyncratic
shocks and aggregate productivity to realized wages. The contract does not condition on
the worker’s effort, which is unobservable to the firm, but “recommends” a level of effort
given the history of aggregate and idiosyncratic shocks. The worker chooses effort before the
realization of the idiosyncratic shock to firm output.'

Thus, the contract may be summarized by functions w(n?, 2) € [w, w] and a;(n'~?, 2) €
la,a] for all ¢ and all realizations of n* and 2*. Let (w,a) denote a contract, with w =
{we(n', 232200 . and a = {ay (0", 2°)}72 o1 0, 5O that the contract is dynamic and state
contingent. Let X denote the space of possible contracts.

Value of a filled vacancy. Under the contract (w,a) and at initial productivity zo,

the firm’s expected present value of profits from a filled vacancy is

Viwaiz) = Y (30 =)' [ [ (7un) =l ) 7 (2 z0ca) dfaz', )

t=0

where 7,(n!, 2t|a) = []L_y 7r (0,071, a7 (7, 27)) 7. (27| 20) is the probability of observing a
realization of " and 2! given the initial zy and the contracted effort function a and a™ (™1, 27)
is the sequence of effort from periods 0 to 7.

Therefore, firms’ period profits are the difference between output and wages. The firm
forms an expectation over profit realizations by integrating over the distribution of both
aggregate and idiosyncratic shocks, the latter of which depend on effort. The risk-neutral
firm discounts period ¢ profits by the economy-wide discount rate ' and the probability

(1 — s)* that the match survives ¢ periods.

14 An alternative notation has effort directly affect production, while the firm cannot distinguish effort
from 7. A second alternative notation has contracts mapping from idiosyncratic output and aggregate
productivity to wages.
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The contract maximizes the value of a filled vacancy

J(2) = max V(w,a;z 10
(=0) fwe(n®2"),ae (=120, e 1 €X (23 %) (10)

subject to the incentive and participation constraints (IC and PC) described below.
Incentive constraint. The worker chooses effort & = {a (', 2*)};2; 1 .+ to maxi-
mize utility under the contract. Therefore, the effort suggested by the firm must be incentive
compatible; that is, the recommended effort a must be what is chosen by the worker given

the wage contract that the firm offers her. Specifically,

oo

IC]:ac  argmax 2(5(1—s))t[//u(wt(nt,zt),amt—l,zt))frt (i, 2" 20, &) diy' "

{a‘t (UF 1 7Zt)}:107nt 2t =0

+ Bs/U(zt+1) T (277 20) dzt+1]. (11)

Equation (11) is the value of an employed worker at time 0; the IC requires that the
recommended effort maximizes the worker’s value given the wage contract offered by the
firm. The worker discounts period t payoffs by 3. Their value is the sum of two terms. The
first is their value conditional on the match surviving through period ¢, which occurs with
probability (1 — s)!. The realized flow payoff to the worker under the contract is her utility
from consuming the wage offered by the contract and providing effort, which depends on
realizations of aggregate productivity z' and idiosyncratic productivity n*. Workers’ expected
utility integrates over the distribution of aggregate and idiosyncratic productivity shocks.
When making their effort choice, workers trade off the disutility from higher effort with the
increased probability of realizing a high output draw and, thus, a high wage. The second
term of the worker’s value is the value conditional on separation. If the contract separates
in period ¢, the worker receives the value of unemployment at the prevailing aggregate
productivity z;. The match separates in period ¢ with probability (1 — s)*~1s.

Participation constraint. The second constraint on problem (10) is that the contract
must promise the worker a value of at least £(2p), the “ex ante utility” promised by firms
to workers at the start of the contract. Ex ante utility may fluctuate with zy due either to

bargaining between a matched firm and worker or to changes in workers’ outside options.
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The constraint is

PO (30— ) [ [t ) ) dna

t=0

+ 55/[] (2t41) Feq (Zt+1|20) dztﬂ} > & (20) .- (12)

The left-hand side of inequality (12) is the worker’s value under the contract: it is the
objective function in equation (11) evaluated at the effort choices suggested by the contract.'®

Ex ante utility. To close the flexible incentive pay economy, we must determine the
ex ante utility £(zp), which we assume is given by a reduced-form function B(z;).'® Firms
commit to providing workers with a utility B(zp) over the life of the contract. Common
bargaining protocols in the labor search literature implicitly define different functions for
B(zp). For instance, if firms make take-it-or-leave-it offers to workers, the value of employ-
ment is equal to the value of nonemployment: B(z) = Y, S'E[{(2:)|20], where £(z) is the
flow value of unemployment. This nests the case in which unemployment benefits or the
opportunity cost of unemployment are procyclical (Hagedorn et al., 2013; Chodorow-Reich
and Karabarbounis, 2016; Mitman and Rabinovich, 2019). Nash bargaining also implicitly
defines an increasing function for B(zg), as we prove in Appendix A.1, as do other bargaining
protocols such as that in Hall and Milgrom (2008). Our formulation also evokes a notion of
unemployment as a “worker discipline device” (Shapiro and Stiglitz, 1984): if the value of
employment is low because unemployment at present or in the future is costly, workers will
offer higher effort at lower wages.

The reduced-form approach has two advantages. First, our conclusions about the role
of bargaining and outside options will be robust to a specific protocol. Second, we can
tractably incorporate bargaining into dynamic incentive contract models. Its disadvantage
is that B(zp) is a reduced-form object, which is not invariant to changes in the primitives of

the environment.

Rigid wage economy. Consider a benchmark model with rigid wages and effort following
Hall (2005). Wages and effort take exogenous constant values w; = w and a; = a for all
firms and all ¢, regardless of realizations of n' or z!. The worker’s value of employment is the

utility from the match and the continuation value vis-a-vis the possibility that the match

5 Note that the contract, by conditioning on the aggregate state, may also increase wages if the value of
unemployment rises.
16See Blanchard and Galf (2010) and Michaillat (2012) for this approach in search models without effort.
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may separate, which is

£() =3 (31— 9)) <u (0,0)+ [ BsU (aer) 2 (=)0 d) SENGE)

t=0

Meanwhile, the firm’s value of a filled vacancy is exogenous and given by

T (z0) = > (B(1 - 8))t/ (f (zesme) — @) 7e(n', 2" |20, )" " (14)

t=0
That is, the value of a filled vacancy is given by the expected present discounted value of
production minus the rigid wage, where the expectation is taken over realizations of aggregate

and idiosyncratic shocks at a fixed effort a in all dates and states.

Equilibrium. Given initial unemployment u, and a stochastic process {z, n:},—, an equi-
librium is a collection of functions 6(z), J(z), U(z), and £(z) and contracts (w,a)(z) such
that, for all firms, (i) the tightness 6; satisfies the free entry condition in equation (8) so
that II; = 0 for all ¢, (ii) unemployment u; evolves according to equation (6), (iii) the wage
and effort functions (w, a)(z) solve the firm’s problem (10)—(12) in the flexible incentive pay
economy or w; = w and a; = a in the rigid wage economy, (iv) the value of unemployment
U(z) is given by equation (7), (v) the value of employment is given by equation (13) in the
rigid wage economy or £(z) = B(z) in the flexible incentive pay economy, and (vi) the value
of a filled vacancy J(z) or J'8(2) is given by equation (10) in the flexible incentive pay

economy or equation (14) in the rigid wage economy.

3.2 Incentive Pay and the Impulse Response of Employment

We now study the response of employment to exogenous aggregate productivity shocks in
the flexible incentive pay economy. This object is of intrinsic interest and, as we shall see, is
important for inflation dynamics. As is standard, employment fluctuations are determined
by fluctuations in market tightness, which in turn are governed by fluctuations in firms’
expected profits per worker. Therefore, it suffices to study how profits per worker J(z)
fluctuate with zg.

To study profits, we combine the IC and PC into a functional G(w,a), defined such that
G(w,a) < 0 holds if and only if (w,a) is a feasible contract in X that satisfies the IC (11)
and PC (12). Let A(zo) denote the costate functional on these constraints. We write the
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value of a filled job using the functional Kuhn—Tucker Lagrangian:
J(z0) = V(W",a%; z0) — (G(w*,a"; 29), \") (15)

where the star superscripts indicate values under the optimal contract at z;. Then, we can
decompose the response of firm profits to zg, generalizing decomposition (2) from Section

2.17 The response of profits to aggregate shocks in the flexible incentive pay economy is

dJ (Z(]) a a
= g Vwhah — (-G (w"a% %)\ 16
dzp 02p (W, a% 2) 970 (W, a"; 20) , A" (20) (16)
(A) direct producti‘\:ity effect on profits  (B) direct effect on pa;tir(:ipation and incentives
dr dA"(zo)
k4 T al; — \Oz " al; S AT o * ar ’ ’
+ Z [0,V (W",a"; 20) — (0.G (W",a%; 2) , A" (20))] i <G (w*,a"; z0) . >

ze{w*,a*}
N

Vv
(C) indirect effects on optimal contract and costates

where 0, represents the vector of partial derivatives with respect to some variable z. The
direct productivity effect (A) measures how shocks to initial productivity affect the expected
present value of output in all periods, where the expectation conditions on initial productivity
zo and contracted effort a*. This is the marginal effect of increasing 2z, on current and

expected future y;, which evaluates to

Dyt atizn) = 0 (30— ) 2B [ (m)lzo,a). (17)

—0 820

Term (B) captures the effects on the constraints. Since zy affects the incentive constraint
only indirectly, through the contract (w,a), there is no direct effect of z; on incentive con-
straints. Thus, (B) includes only the direct effect of exogenous productivity movements on
the participation constraint, which relates to bargaining power and procyclical outside op-
tions. If a higher z raises the utility that the firm must promise the worker (i.e., B'(z) > 0),
then the firm’s profits from vacancy posting will rise by less since the firm receives a combi-
nation of lower effort or higher wages when B(z) rises. The first-order contribution of this

term to profit fluctuations is given by

e (20) iB(Zo)—Z(ﬁ(l—s))tﬁs%E[U(th)\zo] , (18)

0z0 =0

1"The notation (z,z*) denotes the value of the linear functional z* at a point . This notation is necessary
because there is a continuum of constraints—see Section 3.1.1 of Golosov et al. (2016) for a formal definition
of Lagrangians with this notation.
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where A\ is the Lagrange multiplier on the participation constraint. This term is zero if the
values of both employment and unemployment are acyclical—for instance if unemployment
benefits are acyclical and firms make take-it-or-leave-it offers to workers. In general, however,
the term will be nonzero if workers’ ex ante utility is procyclical because of either a procyclical
value of unemployment or bargaining.

The (C) term captures the effects that the shock has on profits through changes in the
firm’s choice variables. (C) has three pieces. First, the shock may shift the optimal contract’s
wage function w*. This is the wage effect: the wage paid for each future realization of n'
and 2! may differ for contracts signed at different initial aggregate productivity levels z.
Second, the shock may shift the optimal contract’s recommended effort function a*, which
affects output. This is the incentive effect. Finally, the shock may shift the value of the

costates on the participation and incentive constraints.

Equivalence to rigid wages. We now show that wage cyclicality from incentives does
not dampen the response of unemployment to shocks. As in our discussion of the static
model, the argument proceeds in two steps. First, we use an envelope logic to show that
the (C) term in equation (16)—capturing the effect on profits via changes in optimal wages
and effort—is zero. Second, to focus on incentives, we temporarily make assumptions that
remove bargaining power or changes in outside options so that the (B) term in equation (16)
is also zero.

The main technical challenge for the proof is, therefore, to transform the problem so that
an envelope theorem applies. Common general envelope theorems (e.g., Milgrom and Segal,
2002) are not well suited for studying problems with a continuum of nonconvex constraints.'®
The firm’s problem has this feature since there is a continuum of incentive compatibility
constraints, which are not generally convex. Below, we provide a set of sufficient conditions

under which an envelope theorem can be applied to our problem when B(z) does not vary.

Assumption 1. The set of feasible contracts (w,a) € X that satisfy the incentive compati-

bility constraints (11) and participation constraints (12) is nonempty and compact.

We make the minimal assumption of nonemptiness to allow the optimal contract to exist.
We also assume that the set of feasible contracts satisfying the incentive and participation
constraints is compact, which allows us to apply a theorem from the applied mathematics lit-
erature on sensitivity analysis (Bonnans and Shapiro, 2000). This envelope theorem directly
applies when there is a continuum of constraints that may not be convex. In Appendix Sec-

tion A.3, we provide two alternative sets of sufficient conditions under which the compactness

18Existing general envelope theorems are typically applied to the agent’s objective, whereas we apply an
envelope theorem to the principal’s objective.
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assumption is satisfied.! Our sufficient conditions are “high-level” because they do not nec-
essarily follow from primitive assumptions of the environment. Unfortunately, “lower-level”
assumptions that guarantee compactness in this setting are difficult to find—as, for instance,
Kocherlakota (2004) and Golosov et al. (2016) discuss. However, our assumptions are less
restrictive than most in the literature studying dynamic incentive contracts. For instance,
we do not impose a particular utility function, we allow persistent idiosyncratic shocks, and
we do not require the “inverse Euler equation” of Rogerson (1985) to hold.

We will need to define an “impulse response” to present our results. Denote z; = E [z;]20]+
gy, where, by definition, &; is the cumulative innovation to the process for z between 0 and
t and g is known to be 0. We will study the response of market tightness to changes in z
while holding fixed &; for all ¢, which is the impulse response of market tightness to changes
in initial productivity zo. In addition, let T'*(zy) denote the set of optimal contracts (w*, a*)
solving the firm problem (10) given z.

Our next analytical result considers a benchmark in which all wage cyclicality is due to
incentives. To this end, we consider a version of the flexible incentive pay economy in which
firms make workers take-it-or-leave-it offers and unemployment benefits are acyclical. In
this economy, all wage fluctuations are due to incentives rather than bargaining or outside
options, and so the (B) term from equation (16) that relates to bargaining and outside

options is eliminated.

Theorem 1. Suppose that (i) Assumption 1 holds, (ii) the firm makes take-it-or-leave-it
offers to workers, and the flow value of unemployment is constant {(z;) = §. The first-order

impulse response of market tightness to a change in aggregate productivity dln zg s

dlnf, = iZfio (B (1~ S))t 811?ZOE [f (2, m¢)| 20, 2% d1n 29 19)

o 320 (B(L= ) ELf(ze,m) — wilz0,2%]

in the flexible incentive pay economy, for some optimal contract (w*,a*) in I'*(zy), where v

1s the negative of the elasticity of job filling with respect to tightness. The first-order response

190ur first sufficient condition is that matches last at most T periods for T finite and that firms believe
n and z have a finite support. Continuous processes can be arbitrarily well approximated by such discrete
processes. This assumption can be interpreted as a behavioral friction in which firms and workers can consider
only N decimal places for innovations to z for an arbitrarily large N. Our second possible sufficient condition
is that contracts are continuous and twice differentiable in their arguments {n’, 2!}, with uniformly bounded
first and second derivatives. In addition, in Appendix Section A.2.2; we show that the envelope theorem can
be applied to our problem under a stronger set of sufficient conditions summarized in Assumption 2 below,
which allow us to make the problem recursive and apply the “first-order approach”, closer to standard
practice (e.g., Farhi and Werning, 2013).
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of market tightness to aggregate shocks in a rigid wage economy with w = w and a = a is

150 (81— 9)) g B[ (21 m)l20,8] d1n 2
dln@o = — - .

vo Y2 (B(1— ) E[f(2,m) — wl20, 4]

(20)

Assume further that (i) the production function f is homogeneous of degree one in aggre-
gate productivity z, (i1) OE[z|z0]/0z0 = 1 so that either z; is well approzimated by a driftless
random walk or dln zy is a permanent shock, and (iii) the optimal incentive contract at the
nonstochastic steady state for z; is unique. Then, the impulse response of market tightness

to z in both economies, in the neighborhood of the nonstochastic steady state for z, is equal

dln(% 1 1 91
dlnzg w\1—A)" (21)

In both economies, A is the steady-state labor share defined as

to

Yoo (B (1~ 5)) Ewi|z, 4]
>orto (B (L —9) Elf(z,m)|z 8]

A (22)
where expectations are evaluated in a steady state with constant aggregate productivity z, = z

and v is the steady-state elasticity of job filling with respect to tightness.

The proof of this theorem, along with the proofs of all other propositions and theorems,
is in Appendix A. The proof offers two contracting environments in which the result applies.
The first is one in which the space of mechanisms offered is compact. This is the case, for
instance, when the underlying shocks are discrete. The second environment is one in which
we characterize the contract using the first-order approach (FoA) to mechanism design.
This first-order approach gives necessary conditions for optimality of the contract. Global
optimality can be guaranteed if the solution to these necessary conditions is unique.?’

The insight of the theorem is that wage cyclicality due to incentives does not dampen
the response of unemployment to shocks. The impulse response of market tightness—and
thus unemployment—to exogenous productivity shocks is the same in the two economies.
The first economy has flexible incentive pay but no bargaining power or changes in outside
options. Equation (19) characterizes the impulse response of tightness to labor productivity
shocks with flexible incentive pay as the direct productivity effect scaled by the present

value of profits.?!’ The second economy has exogenously fixed wages and effort. Equation

20In our numerical exercise, as in Edmans et al. (2012), the contract is unique, and we verify that the
solution is interior.

211f the optimal contract is not unique, then the impulse response depends on the largest direct productivity
effect among optimal contracts when productivity increases and the smallest direct productivity effect among
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(20) characterizes the same impulse response in the rigid wage economy—which is, again,
the direct productivity effect scaled by the present value of profits. Therefore, the response
of market tightness to exogenous productivity shocks in both economies is identical if they
feature the same direct productivity effect and the same present value of profits.

There are two key steps in the proof of this theorem, which is presented in Appendix
A.2. First, as in the stat