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a b s t r a c t

In a recent paper, Bick et al. (2022) show the presence of a hump-shaped relationship between hours
and hourly wages with a maximum around 50 h worked. We show that a model with fixed labor costs
where workers and firms bargain in wages and hours can help explain this non-linear relationship.
Also, a quantitative version of the model is able to match the empirical hourly-wage to hours worked
relationship estimated by those authors for the US.

© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Most of the empirical literature assumes a constant elas-
icity between earnings and hours (see, for example, Goldin
2014), Cortés and Pan (2019) and Denning et al. (2021)). The
ssumption of a constant elasticity, however, may hide important
on-linearities in the data. In a recent paper, Bick et al. (2022)
how that hourly wages in the US increase for workers below
0 h, but decrease when individuals work more hours. These
uthors show that this non-monotonic relationship is robust to
ifferent datasets, different individuals and it is happening in
ifferent countries like US and Denmark. This non-linear rela-
ionship is also found in Yurdagul (2017), who studies why the
attern of hours worked of entrepreneurs is different from those
f workers.
To reproduce this relationship between wages and hours, Bick

t al. (2022) assume increasing returns to hours worked when
orkers work short hours (below 40 h per week) and decreasing
eturns for greater numbers of hours worked. However, previous
orks such as Pencavel (2015) find that returns are decreasing

or more than 48 h per week but constant for shorter hours
orked. In the case of Yurdagul (2017), the hump shape is due
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to the complementarity of workers in the aggregate production
function.

The aim of this paper is to show that simultaneous bargaining
over wages and hours between workers and firms with fixed
labor costs can also explain the aforementioned non-linear re-
lationship between hours and hourly wages. In contrast to Bick
et al. (2022), we depart from the competitive market assumption
where wages equal the marginal product of labor and assume
decreasing returns across the entire hours distribution and not
only for hours exceeding 40.

Similar to Pissarides (2000) (Chapter 7.3) and Kudoh et al.
(2019) among others, in our model workers and firms bargain
over wage and hours. If an agreement is reached, firms incur
a fixed training cost. If an agreement is not reached, workers
remain jobless and suffer a fixed cost that can be interpreted as
the cost of continuing the job search. Since search is costly in
terms of time, this cost can be increasing in the value of leisure.
Fixed costs reduce wages because, on the one hand, firms share
part of the training costs with workers, and, on the other, worker
search costs increase the value of reaching an agreement for a
given wage. The assumption of Nash bargaining on wages implies
that hourly wages depend on fixed costs, which are important
for generating the hump-shaped relationship observed between
hours worked and hourly wages.

We account for worker heterogeneity in terms of preferences
for leisure.1 Higher preferences for leisure improve the out-
side option and the bargaining position of workers, and wages

1 The value of the alternative use of time needs not only be interpreted in
erms of leisure, it may also be motivated by the existence of home production.
aving to perform these other activities makes work more costly.
rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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ncrease. Fixed costs, in contrast, reduce wages and, for suffi-
iently high preferences for leisure (low hours), hourly fixed
osts become too large and wages start to fall. This generates an
nverted-U shape relationship between equilibrium hourly wages
nd hours.
We perform a simple numerical exercise and find that the

odel can reproduce the hump-shaped relationship observed in
he data. Then, we show that removing either the fixed firm’s
raining costs or worker’s search cost from the model generates a
egative relationship between hourly wages and hours worked.
tarting with Cogan (1981), fixed costs have been introduced
n several labor supply models (see, for example, French (2005)
nd Erosa et al. (2016)). However, we are the first to analyze
he role of these type of costs to generate the hump-shaped
elationship between hours and wages.

. The model

We consider the simultaneous bargaining over wages and
ours of work by firms and workers at a given point in time. If
n agreement is reached, workers obtain

= hw − xhµ (1)

where h stand for hours, w for hourly wage and xhµ is the cost of
working h hours with µ > 1 and x an idiosyncratic component of
the cost that measures preferences for leisure and characterizes
workers. If an agreement is not reached, workers continue the
job search incurring a fixed cost F . Hence, upon reaching an
agreement, workers obtain W plus F , the cost they do not incur.
In turn, if an agreement is reached, the firm obtains

J = ahλ
− hw − T (2)

where ahλ is the output generated in h hours of work, with λ < 1.
T stands for a fixed hiring cost incurred by firms. It includes
training and administrative costs of signing the contract.

Hours and wages are determined simultaneously by Nash
bargaining:

max
h,w

(W + F)β (J)1−β .

The first order condition that determines wages is

βJ
∂W
∂w

= −(1 − β) (W + F)
∂ J
∂w

,

since −
∂ J
∂w

=
∂W
∂w

= h, this implies

βJ = (1 − β) (W + F) (3)

Substituting (1) and (2) in (3), and manipulating, we obtain

w = βahλ−1
+ (1 − β)xhµ−1

−
(1 − β)F + βT

h
(4)

Similarly, the first order condition that determines hours of
work is

βJ
∂ J
∂h

= −(1 − β) (W + F)
∂W
∂h

, (5)

which can be simplified using (3) to obtain

∂ J
∂h

= −
∂W
∂h

.

From (1) and (2)

∂W
∂h

= w − µxhµ−1

∂ J
= −

(
w − λahλ−1) ,
∂h
2

Then, (5) implies

h∗

x =

(
aλ
µx

) 1
µ−λ

. (6)

Substituting (6) into (4) we obtain the equilibrium wage

w∗

x = βa
(
h∗

x

)λ−1
+ (1 − β)

(
h∗

x

)µ−1 x −
(1 − β)F + βT

h∗
x

(7)

Hence, at equilibrium, each individual x agrees with the firm on
a number of hours of work and a wage that are given by (6) and
(7). The equilibrium hourly wage depends positively on output
produced and costs incurred by worker and negatively, on firms’s
costs of hiring and worker’ search costs, i.e. fixed costs.2 Notice
that, according to Eq. (7), the higher the bargaining power of the
workers β [respectively, of firms 1−β], the more sensitive is the
ours–wage relationship to the firms training costs [respectively,
orkers search costs]. For example, when workers have all the
argaining power β = 1, only the size of the training costs T is
mportant for determining the wage, while the fixed search costs
does not affect it. Conversely, T is unimportant when β = 0.
We now study how hours of work and the hourly wage change

ith the individual preferences for leisure x. Clearly, from (6):
dh∗

x

dx
= −

1
µ − λ

h∗
x

x
< 0

Higher preferences for leisure unambiguously lead to lower hours
of agreed work. The effect of individual preferences for leisure on
hourly wages is more involved:
dw∗

x

dx
= βa(λ − 1)

(
h∗

x

)λ−2 dh∗
x

dx
+ (1 − β)

(
h∗

x

)µ−1

+ (1 − β)x(µ − 1)
(
h∗

x

)µ−2 dh∗
x

dx
+

(1 − β)F + βT
(h∗

x )2
dh∗

x

dx
(8)

The first two terms are positive. First, higher preferences for
leisure reduce hours of work and, since returns are decreasing,
increase hourly output. This has a positive effect on the hourly
wage. Second, individuals demand a higher compensation if their
preferences for leisure are higher. This also has a positive effect
on the hourly wage.

In contrast, the last two terms in (8) are negative and reduce
hourly compensation: since higher preferences for leisure reduce
hours of work, first total output is lower, and second the size of
fixed costs per hour is higher.

Further manipulation of (8) allows us to identify the range of
x for which this derivative is positive or negative. In particular,
we can show that

dw∗
x

dx
> 0 ↔ x̂ = λ

(
a
µ

) µ
λ

[
(1 − λ)(βµ + (1 − β)λ)

(1 − β)F + βT

] µ−λ
λ

> x.

(9)

Therefore, the equilibrium hourly wage first increases in the
individual preference for leisure x and, after x̂, it decreases. As
working costs x increase from zero and hours fall, output per
hour increases and workers demand higher compensation for
these costs, pushing up wages. In contrast, after x̂, hours continue
alling and wages start decreasing because total output falls and
ixed costs per hour increase. In Fig. 1, we represent the equilib-
ium wage as a function of x (Quadrant II), the equilibrium hours
s a function of x (Quadrant IV) and the resulting relationship

between w∗
x and h∗

x (Quadrant I).

2 Notice that, in a competitive labor market, workers supply hours to
aximize (1) given wages, and the supply of hours satisfies w = xµhµ−1 .

n turn, firms maximize (2) and the demand for hours given wages, satisfies
= aλhλ−1 . At equilibrium, hours worked equal (6) and the hourly wage

w = (aλ)
µ−1
µ−λ (µx)

1−λ
µ−λ

)
is not affected by the fixed costs T and F .
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Table 1
Calculated parameter values.
Parameter Value Rationale

Parameter of worker’s job searching costs, χ 2 Log wages at 30 h worked
Fixed firm’s cost of training a worker, T 0.14 Silva and Toledo (2009)
Worker’s bargaining power, β 0.5 Own assumption
Parameter of working variable cost, µ 2 Quadratic costs
Parameter of the production function, λ 0.06 Log wages at 65 h worked
Aggregate productivity, a 0.1682 Wage equation
b
w
i

a

Fig. 1. The relationship between wages and hours at the bargaining equilibrium.

3. Numerical exercise

We have seen that a bargaining model with fixed labor costs is
able to generate an inverted U-shape relationship between hours
worked and hourly wages. In this section we set the model’s
parameters to be consistent with reasonable labor costs. Table 1
shows the obtained parameter values. The goal is to see if a
quantitative version of the model is able to match the empirical
hourly-wage relationship estimated by Bick et al. (2022) for the
US.

We start by setting the workers bargaining power parameter
to β = 0.5 and assume the presence of quadratic costs of working
µ = 2. We parameterize the model in annual basis and consider
n individual working 40 weekly hours when setting the different
arameters. Thus, we normalize to one both her weekly hours
orked (h40 = 1) as well as her annual wage (wa

40 = w40 × h40 ×

2 = 1). We also assume that there are 300 different x ranged
etween 0.001 and 0.025.
Following Silva and Toledo (2009), the firm’s on-the-job train-

ng fixed costs T = 0.14 are set to match 14% of annual wages
55% of quarterly wages). To match the data, it is convenient to
ssume that worker search costs F are linearly increasing in the
alue of leisure: F (x) = χ × x. That is, individuals with higher
orking costs per hour also show higher fixed costs of looking

or jobs since leisure is relatively more important for them. From
theoretical point of view, note that this assumption adds an
dditional negative term to (8) but does not change the main
esult on the hump-shaped relationship between hourly-wages
nd hours worked.
Next, χ = 2 and λ = 0.06 are set to match the log of wages

observed in the data for 30 and 65 weekly hours worked, re-
spectively. Notice that this implies that the fixed costs of looking
for a job F (x) range between 0.002 and 0.05 for individuals with
the lowest and highest working costs x, respectively. In the case
f a worker working 40 h per week, we obtain an annual job
earching cost of 1% of her wage (F (x40) = 2 × 0.005 = 0.01).
Finally, the productivity parameter a = 0.1682 can be obtained
3

Fig. 2. Hourly-wage relationship.

y substituting our obtained parameters in the normalized annual
age equation for an individual working 40 weekly hours. That

s, we multiply 52 by Eq. (4) and obtain:

= (1/52 + β × T + (1 − β) × F40)/(β + (1 − β) × λ/µ).

Finally, we keep the parameters unchanged and depart from
our benchmark 40 weekly hours scenario by calculating the op-
timal hourly wage w∗

x and weekly hours worked h∗
x for each x by

using Eqs. (6)–(7).
Fig. 2 compares the log hourly wage of our simulated scenarios

with the estimated data in Bick et al. (2022). It matches quite
well the inverted U-shape relationship between hours and wages.
However, it reaches the maximum log wages around 45 h instead
of 50. To show the importance of having fixed costs in the model,
we next simulate two alternative scenarios where we eliminate
either the training costs T = 0 or the job searching costs F = 0.
The rest of parameters remain unchanged. Figs. 3(a)–(b) show a
monotonically decreasing relationship between hours and wages
in both cases. Thus, although either F or T can theoretically
be enough to generate a non linear relationship between hours
and hourly wage, from a quantitative point of view, however,
reasonable values of both are needed to generate the observed
hump shape relationship within the range of 30 to 65 h.

4. Final comment

Introducing fixed labor costs in a scenario of simultaneous

bargaining in hours and wages, we have created a non-linear



E. Del Rey, J. Naval and J.I. Silva Economics Letters 217 (2022) 110652

r
b
t
e
t
w

s
a
4
S
f
c
o

R

B

C

Fig. 3. Hourly-wage relationship with non fixed costs.
elationship between hours and hourly wages. Further, we have
een able to match the empirical hourly-wage relationship es-
imated by Bick et al. (2022). This paper suggests that further
mpirical research should evaluate the role of fixed costs behind
he inverted-U relationship between hourly wages and hours
orked.
To conclude, it is worth noting that in addition to the hump-

haped relationship between wages and hours, Bick et al. (2022)
lso stress the existence of a large mass of workers working
0 h. The kink in their earnings function generates both patterns.
imilarly, Yurdagul (2017) provides a microfounded production
unction that can also generate both the hump shaped profile and
oncentration of hours. The distribution of hours, however, is out
f scope of this paper.
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