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ABSTRACT

A Theory of Wage Adjustment under Loss Aversion’

We present a new theory of wage adjustment, based on worker loss aversion. In line with
prospect theory, the workers’ perceived utility losses from wage decreases are weighted
more heavily than the perceived utility gains from wage increases of equal magnitude. Wage
changes are evaluated relative to an endogenous reference wage, which depends on the
workers’ rational wage expectations from the recent past. By implication, employment
responses are more elastic for wage decreases than for wage increases and thus firms face
an upward-sloping labor supply curve that is convexly kinked at the workers’ reference price.
Firms adjust wages flexibly in response to variations in labor demand. The resulting theory of
wage adjustment is starkly at variance with past theories. In line with the empirical evidence,
we find that (1) wages are completely rigid in response to small labor demand shocks, (2)
wages are downward rigid but upward flexible for medium sized labor demand shocks, and
(3) wages are relatively downward sluggish for large shocks.
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1 Introduction

This paper presents a theory of wage adjustment based on worker loss aversion,
along the lines of prospect theory (Kahnemann and Tversky, 1979) and build-
ing on Ahrens, Pirschel and Snower (2014) which considers how consumer loss
aversion affects price setting. The theory has distinctive implications, which
are starkly at variance with major existing theories of wage adjustment but
consonant with the empirical evidence. In particular, the theory implies that
(1) for small labor demand shocks, wages are fully rigid, (2) for medium-sized
shocks there is upward wage adjustment for positive shocks, but complete down-
ward wage rigidity for negative shocks and (3) for large shocks, wages decline
less strong to negative shocks than they increase to equiproportionate positive
shocks. In short, our theory can explain the occurrence of wage rigidity in the
presence of small labor demand variations, downward wage rigidity but upward
wage adjustment to intermediate labor demand variations, and downward wage
sluggishness in the presence of large shocks.

While current theories of wage adjustment fail to account for these empirical
regularities, this paper offers a theoretical rationale. The basic idea underlying
our theory is simple. In the spirit of prospect theory, the utility losses from wage
decreases are weighted more heavily than the utility gains from wage increases of
equal magnitude. Consequently, employment responses are more elastic to wage
decreases than to wage increases. The result is a kinked labor supply curve, for
which the kink depends on the workers’ reference wage. In the spirit of Készegi
and Rabin (2006), we model the reference wage as the workers’ rational wage
expectations.

The kink of the labor supply curve implies that wages are rigid in response
to sufficiently small labor demand shocks, but wages adjust asymmetrically to
larger shocks. The reason for this asymmetry is straightforward. Firms foresees
that their wage setting decision has an effect on the worker’s reference wage.
Therefore, a labor demand shock not only produces a change in employment fol-
lowing the firm’s immediate wage setting decision, but also the resulting change
in the workers’ reference wage. A rise in the reference wage raises the firms’
long-run profits (since the reference wage is located at the kink of the labor
supply curve), whereas a fall in the reference wage lowers long-run profits. On
this account, positive labor demand shocks lead to wage increases, while neg-
ative labor demand shocks may lead to relatively little if any downward wage
adjustment.!

1Our theory may help shed light on asymmetric effects of monetary policy, though such
implications lie beyond the scope of this paper. First it is relevant to the literature on short-run
monetary policy, which has asymmetric effects under downward nominal wage rigidity (e.g.
McDonald and Sibly, 2001; Carlsson and Westermark, 2008; Fahr and Smets, 2010). Second,
while symmetric nominal rigidities give rise to a long-run Phillips curve which is virtually
vertical (e.g. Goodfriend and King, 1997; Khan et al., 2003), downward nominal wage rigidity
leads to a significantly non-vertical long-run Phillips curve, thereby generating substantial
long-run real effects of monetary policy on output and employment for negative shocks, as
shown by Kim and Ruge-Murcia (2009, 2011), Fagan and Messina (2009), Fahr and Smets
(2010), Benigno and Ricci (2011) and Abo-Zaid (2013). In all of these latter contributions,



The paper is structured as follows. Section 2 reviews the relevant literature.
Section 3 presents our general model setup. In section 4 we analyze the effects
of various demand shocks on wages, both analytically and numerically. Section
5 concludes.

2 Relation to the Literature

In this section, we consider the empirical evidence suggesting that nominal wages
are (imperfectly) downward rigid, while they are upward flexible. In particular,
ample microeconomic evidence points towards three important stylized facts,
namely that (i) there is a high incidence of nominal wage freezes, (ii) there is
a lack of nominal wage cuts in normal times, and (iii) wage cuts take place in
severe downturns.

This evidence implies that the distribution of wage changes spikes at zero
and contains much fewer observations below zero than above. Such a distrib-
ution of wage changes is documented for a wide variety of industrialized coun-
tries. For the United States, McLaughlin (1994), Card and Hyslop (1996), Kahn
(1997), and Altonji and Devereux (1999) derive such evidence from the Panel
Study of Income Dynamics, while Akerlof et al. (1996), Lebow et al. (1999),
Gottschalk (2005), and Dickens et al. (2007) find this distribution based on
employer reports, social security files, and several different household surveys.
Based on national wage and income surveys as well as on employer reports,
Smith (2000), Agell and Lundborg (2003), Nickell and Quadrini (2003), Fehr
and Goette (2005), Bauer et al. (2007), Dickens et al. (2007), Babecky et al.
(2010), Bockerman et al. (2010), and Sigurdsson and Sigurdardottier (2012),
provide this evidence for a large sample of European economies, while Kimura
and Ueda (2001), Cobb and Opazo (2008), and Iregui et al. (2009) find this for
Japan, Chile, and Colombia, respectively.

While all these studies find that nominal wage cuts are rare, they do happen
and commonly take place in times of severe financial distress, such as long
lasting and deep recessions or any other sort of immanent risk of bankruptcy
for a firm (Kahneman et al., 1986; Bewley, 1995, 1999; Akerlof et al., 1996;
Campbell and Kamlani, 1997; Kimura and Ueda, 2001; Fehr and Goette, 2005;
Bockerman et al, 2010). Moreover, there is empirical evidence that extremely
large demand shocks induce responses of hours and hourly wages, both for
positive and negative shocks.

Furthermore, there is much macroeconomic empirical evidence pointing to-
wards downward nominal wage rigidity. Kandil (1995) shows for a sample of 19
industrialized countries that in response to permanent monetary policy shocks
wages generally respond stronger to positive shocks than to negative shocks of

downward nominal wage rigidity is introduced in an ad-hoc way, using a linex function as
proposed by Varian (1974). (The only exception to this is Benigno and Ricci (2011), who use
a case sensitive approach.) Consequently, these models exhibit permanent downward nominal
wage rigidity, independent of the size and the sign of the shock. However, since the degree
of downward nominal wage rigidity varies with the size of the shock, the short- and long-run
Phillips curves are state-dependent, a feature not considered in the studies above.



equal magnitude. Similar evidence in response to permanent aggregate demand
shocks is provided by Kandil (2006) for United States industries and Kandil
(2010) for a large variety of industrialized countries.

There is a wide variety of current theories of wage adjustment, explaining
nominal wage rigidity, in particular downward nominal wage rigidity. The most
prominent theories are the contract theory (Fisher, 1977; Taylor, 1979), the
implicit contract theory (Baily, 1974; Azariadis, 1975; Gordon, 1976; Stiglitz,
1986), the efficiency wage theory (Shapiro and Stiglitz, 1984; Akerlof et al.,
1982; Weiss, 1980; Weiss, 1990), the fair wage hypothesis (Akerlof and Yellen,
1990), and the insider-outsider theory (Lindbeck and Snower, 1988). These
theories aim at explaining, why firms avoid wage cuts or, in the case of the
(implicit) contract theory, why wages are sluggish in general. However, none of
these theories does take a stance on jointly explaining all three stylized empirical
facts on wage adjustment outlined above.

In this paper we offer an new theory of downward nominal wage rigidity
resting on worker loss aversion in the wage dimension. The resulting theory
provides an account of asymmetric nominal wage rigidity in line with empirical
evidence stated above. Although, there is no hard evidence for a direct link
of worker loss aversion and downward nominal wage rigidity, there is ample
indicative evidence for the existence of such a link. Dunn (1996) presents survey
evidence from US labor markets and finds that the behavior of labor supply
is consistent with the notion of loss averse workers. Similar evidence is also
presented by Goette et al. (2004) and Fehr and Goette (2007).

Furthermore, there is a large literature that documents that relative pay
matters for subjective well-being (Clark and Oswald, 1996). Workers evalu-
ate their wages relative to a reference point, e.g. in the form of an implicit
wage norm (Jaques, 1956, 1961), past earnings (Clark, 1999; Grund and Sli-
wka, 2007; Kawaguchi and Ohtake, 2007), or the earnings of others (Clark and
Oswald, 1996; Clark et al, 2008). Falling behind reference points lowers life sat-
isfaction and gives rise to negative morale effects. Supportive evidence for such
morale effects is provided by, e.g. Kube et al. (2013) who document in a field
experiment that there is a highly asymmetric reaction of work morale to positive
and negative deviations from a reference wage. Similar evidence is provided by
a field experiment by Chemin and Kurmann (2012). Survey evidence for the
United States and various European economies suggests that amongst the most
important factors for why firms do not adjust wages downward is the risk of neg-
ative effect to workers’ morale (Campbell and Kamlani, 1997; Du Caju et al.,

2In addition to the asymmetric wage reaction in response to the permanent demand shock,
Kandil (1995, 2006, 2010) finds an asymmetric reaction of output. Output responds much
stronger to permanent negative demand shocks than to positive ones, a feature which is
implied by standard theories of downward nominal rigidities and, given standard production
technologies, also predicted by our model. This asymmetry in output is further documented
by a large empirical literature. While Delong and Summers (1988), Cover (1992), Kandil
(2001), and Ravn and Sola (2004) provide evidence for the United States, Karras (1996), Lenz
(1997), Kandil (1999), and Karras and Stokes (1999) provide evidence for a wide variety of
industrialized countries. Finally, evidence for developing countries is given by Kandil (1998)
Tan et al (2010), and Mehrara and Karsalari (2011).



2014). However, Chen and Horton (2014) show that the effect on work morale
vanishes if the wage cut is justified by reasonable arguments such as severe fi-
nancial stress of the firm. Furthermore, Koch (2013) shows in an laboratory
experiment that wage cuts in recessions are stronger in the absence of reference
wages. If reference wages exist, wage cuts are cut down by approximately half
the amount.

In our model, loss-averse workers evaluate wages relative to a reference wage.
Készegi and Rabin (2006, 2007, 2009) and Heidhues and Koszegi (2005, 2008,
forthcoming) argue that reference points are determined by agents’ rational
expectations about outcomes from the recent past. There is much empirical
evidence suggesting that reference points are determined by expectations, in
concrete situations such as in police performance after final offer arbitration
(Mas, 2006), in the United States TV show “Deal or no Deal” (Post et al.,
2008), with respect to domestic violence (Card and Dahl, 2011), in cab drivers’
labor supply decisions (Crawford and Meng, 2011), or in the effort choices of pro-
fessional golf players (Pope and Schweitzer, 2011). In the context of laboratory
experiments, Knetsch and Wong (2009) and Marzilli Ericson and Fuster (2011)
find supporting evidence from exchange experiments and Abeler et al. (2011)
do so through an effort provision experiment. Endogenizing consumers’ refer-
ence wages in this way allows our model to capture that current wage changes
influence the consumers’ future reference wage and thereby affect labor supply.
That reference wages influence reservation wages via this effect is supported by
experimental evidence of Falk et al. (2006) who introduce a minimum wage
as reference point and show that this introduction leads to an increase in the
subjects’ reservation wage, whereas the removal of that minimum wage, only
leads to marginal a reduction in reservation wage. These pieces of evidence are
consonant with the assumptions underlying our analysis. Our analysis works
out the implications of these assumptions for state-dependent wage sluggish-
ness in the form of asymmetric wage adjustment for positive and negative labor
demand shocks.

Of course, we are not the first to explain downward nominal wage rigidity
with workers’ loss aversion with respect to wages. McDonald and Sibly (2001)
set up an insider-outsider model with wage bargaining, where workers are loss
averse with respect to real wages and where the reference wage equals last pe-
riod’s wage, i.e. the status quo, as suggested by Kahnemann et al. (1991). They
find that wages are rigid with respect to the reference wage, giving rise to real ef-
fects of monetary policy for expansionary monetary shocks. An analogous result
is derived by Bhaskar (1990) in a model of union bargaining, where workers are
loss averse with respect to their own wages relative to wages paid to members
of other unions. Finally, Eliaz and Spiegler (2014) analyze loss averse workers
in a restricted search and matching model. They follow Heihues and Koszegi
and assume that reference points are determined by rational expectations from
the recent past. Eliaz and Spiegler (2014) find that in response to productivity
shocks, wages of newly hired workers are (imperfectly) flexible, whereas they
are downward rigid for existing workers. While all these papers study the role
of loss aversion on downward wage rigidity, neither of these papers can explain



the empirical evidence on wages completely.

3 Model

We incorporate reference-dependent preferences and loss aversion into an other-
wise standard model of monopsony on the labor market. Workers are loss averse
with respect to wages. They evaluate wages relative to their reference wages,
which depend on their rational wage expectations. Firms are monopsonists and
can set their wages freely in each period to maximize their profits.

3.1 Labor Supply Curve of the Loss Averse Worker

We assume that workers are loss averse with respect to wage changes, i.e. the
perceived utility losses from wage decreases relative to the reference wage are
weighted more heavily than the perceived utility gains from wage increases of
equal magnitude. This gives rise to a labor supply curve which is convexly kinked
at the reference wage. In what follows, we assume that this labor supply curve
is upward sloping, since the substitution effect of a wage change dominates the
income effect.> Consequently the employment increase associated with a wage
increase is small relative to the employment decrease associated with a wage
decrease of equal magnitude.
The worker’s preferences in period ¢ are represented by the following utility
function* Y
ng'

Uelee,me) = Ui (ee) = 055 (1)

where ¢; is consumption in period ¢, 8; is a shifting parameter that ensures

continuity of the worker’s preferences at the reference wage® and n; is hours
worked in period t. The parameter ¥J; is an indicator function of the form

9 — Y for wy > wy, i.e. gain domain )

YT Y2 for wy < wi, ie. loss domain

which describes the degree of the worker’s loss aversion and where w; and wj

are the workers current wage and reference wage, respectively. For loss averse

workers 91 > 1J5, which implies that the worker’s disutility of labor U;*(n;) =
9

%l is steeper, i.e. the marginal disutility of labor is higher, in the gain domain
than in the loss domain. Therefore, the workers willingness to work additional

3 As long as labor is less responsive to wage increases (relative to the reference wage) than
to wage decreases, it can be shown that our model can explain the above three empirical
regularities on wage adjustment, irrespective of the sign of the slope of the labor supply
curve.

c
4In what follows, we normalize the worker’s marginal utility of consumption % equal to
1.

A
1-32 52

5Therefore, it must hold that 61 = (w”)  *1 6,



hours is lower when the wage is above the worker’s reference wage than when it
is below.

Maximization of the utility function (1) subject to the simple budget con-
straint ¢; = wyny yields the following kinked labor supply function

A
(—) " for w; > wy, i.e. gain domain 3)
3

A2
(’é’—;) for wy < wy, i.e. loss domain

where \; = ﬁ denotes the Frisch elasticity of labor supply. Loss aversion
with respect to wages implies that A; < Ag, i.e. that the worker reacts stronger
to wage decreases (by reducing employment, given the substitution effect domi-
nates the income effect) than to wage increases relative to the reference wage w}
(by increasing employment, given the substitution effect dominates the income
effect).b

The kink, lying at the intersection of the two labor supply curves n;(w¢, A1, 61)
and ng(we, Ag, f2), is given by the wage-labor combination

1
(T
(wta nt) - wt 9 @ ) (4)

where “7” denotes the value of a variable at the kink.

The worker’s reference wage wj is formed at the beginning of each period.
In the spirit of Készegi and Rabin (2006), we assume that the worker’s reference
wage depends on her rational wage expectation. Shocks materialize unexpect-
edly in the course of the period and therefore do not enter I;, the information
set available to the worker at the beginning of the period. Thus, the worker
knows only with a one-period lag that a shock is permanent and can adjust
her rational wage expectation accordingly. Thus the worker’s reference wage is
given by wj = FEy_j [wy | I;—1]. Changes in the reference wage wj change the
position of the kink of the worker’s labor supply curve and also shift the labor
supply curve as a whole. We follow K&szegi and Rabin (2006) and assume that
the worker’s expected wage implicitly determines the worker’s endogenous in-
come target.” Thus, an increase in the expected wage raises her implicit income
target, whereas a decrease in the expected wage lowers it. If, at the beginning
at the period, the worker anticipates a higher (lower) wage for the following

6While this point is crucial for the predictions of our theory, it is worth pointing out that
these results hold irrespective of the sign of the slope of the labor supply curve above the kink
as long as the ratio of the absolute slopes above and below the kink remains unchanged (i.e.
the labor supply curve is steeper above than below the kink). Thus, out theory does cover the
evidence that the substitution effect always outweighs the income effect (upward sloping labor
supply curve) as well as the evidence of, e.g., Koszegi and Rabin (2006) and others according
to which we have a backward bending labor supply curve above the reference wage.

"If the labor demand curve is inelastic and the firm faces costs of labor adjustment (a
realistic scenario, certainly for the short run), so that the profit-maximizing employment can
take place in the inelastic portion of the labor demand curve, then increases in the reference
wage translate one-to-one into increases in the reference income.



period, i.e. her reference wage increases (decreases), she will supply relatively
more (less) labor in order to reach her new higher (lower) implicit income tar-
get. From this, it follows that the worker’s labor supply curve shifts outwards
(inwards) in response to an upward (downward) adjustment of the worker’s
reference wage.

3.2 The Firm’s optimization problem

Assuming that the output price p is exogenously given at p = 1, the firm max-
imizes its current period profit IT; = Y;(n:) — we(n¢)n: taking into account the
1

inverse of the worker’s kinked labor supply function wy(n;) = 6;n,. The re-
sulting first order condition of the firm’s optimization problem reads as

6Ht - (’9Y}(nt) 8’LUt o
aint = Tnt T,Ut<nt) Tmnt =0 (5)

which is equivalent to

0 1 1 1
= 7=wt(nt)+a—xnt: <1+>\> Wy = <1+)\> QTL? :MCLt
(6)

In what follows we assume that the firm’s production function is given by
Yi(n:) = en® where ¢ > 0 and 0 < a < 1, so that the firm’s labor demand
function, given by its marinal product of labor (M PL), is downward sloping:
LP = MPL, = can{®™V.

Since the labor supply function of the loss averse worker is kinked at the
reference wage w”, the firm’s real marginal cost of labor (M CL) is discontinuous
at the kink:

MCLy(ny, Ni, 0;) = (1 + ;) 0,7, . (7)
7
The interval [MCLy (7, A1,01), MCL; (1, A2, 02)], where MC Ly (12g, A1, 61) >
MCLy (g, \a, 02), we call “marginal cost discontinuity” MC Dy (7, A1, 01, A2, 02).

We assume that in the initial steady state, the exogenously given reference
wage is wi,. Furthermore, in the steady state the firm’s labor demand curve
(MPL) intersects the marginal cost discontinuity. To fix ideas, we assume
that initially the labor supply curve crosses the midpoint of the discontinuity
in the marginal cost curve®, as depicted in Figure 1. This assumption permits
us to derive the symmetry characteristics of wage and employment responses to
positive and negative labor demand shocks. This implies that the firm’s optimal
wage in the initial steady state w?, is equal to w",.?

8This implies that the slope parameter of the firm’s labor demand function has to fulfill
_ MCLy(ng,21,01)+MCLy(Rg,A2,02)
- Qa,ﬁ?(a—l) .
9The proof is straightforward: Let v be an arbitrarily small number. Then for wages
equal to wi, + v the firm faces a situation in which marginal cost is higher than marginal

revenue product and decreasing the wage would raise the firm’s profit, while for wages equal




Figure 1: Initial problem of the monopsonistic firm

4 Demand Shocks

For simplicity, we analyse the firm’s wage setting reaction in response to per-
manent labor demand shocks in a two-period context. These labor demand
shocks, represented by ¢, are unexpected and enter the labor demand function
multiplicatively:

LP = canga_l)et (8)

We consider the effects of a shock that hits the economy in period ¢ = 0.
We define a “small” shock as one that leaves the labor demand curve passing
through the marginal cost discontinuity, and a “large” shock as one that shifts
the labor demand curve sufficiently so that it no longer passes through the
marginal cost discontinuity.

The maximum size of a small shock for the labor demand function (8) is

1+ %) 0,
g (Niy 0;) = 7( - os %Y 9

Et( ) ) co n ( )
i.e. (A, 0;) is the shock size for which the shifted labor demand curve lies ex-
actly on the boundaries of the marginal cost discontinuity M C Dy (72y, A1, 01, A2, 02).10
In the analysis that follows, we will distinguish between small and large perma-
nent labor demand shocks.

to wl, — v the firm faces a situation in which marginal cost is lower than marginal revenue
product and increasing the wage would raise the firm’s profit. Thus w}, = wl, has to be the
profit maximizing wage in the initial steady state.

10For g (A1), the labor demand curve intersects the marginal cost gap on the upper bound,
whereas for € (A\2) it intersects it on the lower bound.



4.1 Small labor demand shocks

As noted, for a sufficiently small demand shock gg (Ag,02) < & < &g (A1,01)
the labor demand curve still intersects the marginal cost discontinuity, i.e.
LP (7)) € MCDy(iy, A1, 01, A2, 02). Therefore, the prevailing steady state wage,
which is equal to the worker’s current reference wage, remains the firm’s profit-
maximizing wage,'! i.e. wj = w!, = w’,, and we have complete wage rigidity.
Accordingly, the profit-maximizing amount of labor remains unchanged as well:
Ang = 0. This holds true irrespective of the sign of the small labor demand
shock.

4.2 Large labor demand shocks

For the analysis of wage adjustment in response to large variations in labor
demand it proves useful to suppose, for the moment, that the worker’s reference
wage is exogenously fixed and does not change.

In contrast to the small labor demand shock, for a large shock, i.e. &} >
20 (A1,01) or el < &5 (X2,02), both, a wage and a labor reaction are induced.
The new profit-maximizing wage of the firm is

1
(1+ /\%) 91‘ Xj(a—1)—1

wg = 0; cacl , (10)
while its corresponding profit-maximizing amount of labor is
1
(1 + ,\i) 0;] N
ny = | A2 , (1)

cae

where \; = A1, 8; = 01 for positive and A\; = Ao, §; = 05 for negative shocks,
respectively. Wages are relatively downward sluggish (i.e. less responsive to
negative than to positive shocks), while for the optimal amount of labor this
asymmetry reverses. The intuition is obvious once we decompose the large labor
demand shock into the maximum small shock and the remainder:

el =55 (\i, 0;) + ™. (12)

From our theoretical analysis above, the maximum small shock £ (A;, 6;) has
no wage effects and no effects on the optimal quantity of labor. This holds true
irrespective of the sign of the shock. By contrast, the remaining shock ;™ has
asymmetric effects. Let Tig be the quantity corresponding to Zg (A, 6;). Then

the change in the optimal amont of labor in response to ;" is given by

1
(a—1)— &

rem __ 13 _ gsem '
Ang®™ = = (8()(/\%90) . (13)

1 Compare the proof above.

10



As can be seen from equation (13), the change of quantity in response to
ep®™ depends positively on A;, the Frisch elasticity of labor supply. Since for
the loss averse worker \; < Ao, the labor reaction of the firm facing loss-averse
workers is smaller in response to large positive labor demand shocks than to
large negative ones of equal magnitude. This however implies that wages are
less responsive to negative than to positive large labor demand shocks, because
the former move the firm along the relatively flat portion of the labor supply
curve, whereas the latter move it along the relatively steep portion of the labor
supply curve.

Accounting for the adjustment of the worker’s reference wage in response
to large permanent shocks reinforces the results derived thus far. As discussed
above, a large permanent labor demand shock induces a wage and a labor reac-
tion in the shock period ¢t = 0. Accordingly the worker’s reference wage adjusts
at the beginning of the following period ¢t = 1, i.e. w] = Eg[w; | Iy] = w§,
which triggers an outward shift of the worker’s labor supply curve for positive
labor demand shocks and an inward shift for negative labor demand shocks.

Assuming that the shift of the worker’s labor supply curve in response to
an adjustment of the worker’s reference wage from wyj to wj leaves the labor
demand curve passing through the marginal cost discontinuity'?, the firm’s op-
timal wage in period ¢ = 1 remains unchanged, i.e. w} = wi'3. By contrast, the
optimal amount of labor in period t = 1 changes due to the shift of the worker’s
labor supply curve. More specifically, for an upward adjustment of the worker’s
reference wage the optimal amount of labor n} increases, while it decreases for
a downward adjustment of the worker’s reference wage. This implies that in
period t = 1 the firm’s profit is higher than in the shock period ¢ = 0 for
positive permanent shocks, while it is lower for negative permanent shocks due
to the worker’s labor supply reaction in response to the change of her implicit
income target'?.

Since the firm anticipates this, the following incentives arise: In response to
a large positive labor demand shock, the firm could raise the wage above the
optimal wage wg in order to induce a stronger outward shift of the worker’s
labor supply curve in the following period. By contrast, in response to a large
negative labor demand shock, the firm could try to dampen or avoid the inward
shift of the worker’s labor supply curve in the next period by lowering the wage
less than otherwise optimal or by not lowering the wage at all'®>. Whether or
not this occurs, generally depends on whether the firm’s gain from an upward
deviation from the optimal wage wf in terms of future profits (due to the relative

121f the shift of the labor supply curve is sufficiently strong so that the labor demand curve
no longer passes through the marginal cost discontinuity, a new wage reaction in the opposite
direction is induced which dampens the effects described below. However, since the following
results still hold qualitatively, we do not consider this case in more detail.

13 Compare the proof above.

4Intuitively, the firm can employ more labor for the same optimal wage w] = w§ in the
case of a large positive labor demand shock, whereas it must employ less labor in the case of
a large negative labor demand shock.

15Note that setting a wage below wg is never an option for the firm since it negatively affects
future profits.

11



Parameter Symbol  Value

Discount rate 1] 0.99
Frisch elasticity of labor supply (gain domain) A1 1
Frisch elasticity of labor supply (loss domain) A2 2
Loss aversion K 2
Alpha e} 2/3

Table 1: Base calibration

rise in the reference wage) exceeds the firm’s loss in terms of present profits
(due to not setting the profit maximizing wage), i.e. whether IT; (w] = w{)+
Mo(wh) > My(w] = wg) +1o(ws) where w) > w§. To analyze which effect
dominates, we calibrate the model and solve it numerically.

4.3 Numerical analysis

We calibrate the model for a quarterly frequency in accordance with standard
values in the literature. We assume an annual interest rate of 4 percent, which
yields a discount factor 8 = 0.99. Loss aversion is measured by the relative
slopes of the demand curves in the gain and loss domain, i.e. Kk = i—f The
empirical literature on loss aversion in prices finds that losses induce demand
reactions approximately twice as large as gains (Tversky and Kahnemann, 1991;
Putler, 1992; Hardie et al., 1993; Griffin and Schulman, 2005; Adeyemi and
Hunt, 2007). Therefore, we set k = 2. Following Gal{ (2008), we set o« = 2/3
and A;=1, which is also close to the values chosen by Smets and Wouters (2003)
and Christiano et al. (2005). The base calibration is summarized in Table 1.
According to our numerical analysis the firm’s wage reaction in response to
large permanent labor demand shocks depends crucially on the size and the
sign of the shock. Tables 2 and table 3 present the numerical results of our

base calibration in the two-period model. In the tables we report the shock-arc-

elasticities of wage (ﬁE,w = éﬁg’) in the period of the shock ¢ = 0 for positive

and negative permanent labor demand shocks for the firm facing loss averse
workers. We find that wages are completely rigid for small positive and negative
permanent labor demand shocks, while they are relatively downward sluggish for
larger shocks. Moreover, for a certain range of medium sized shocks, wages are
completely downward rigid but upwards flexible.

These results can be interpreted as follows. For large negative permanent
demand shocks €} < g (A2, 02) the firm always has an incentive to deviate up-
wards from wg, the optimal wage given by equation (10), and set wy instead,
because it wishes to dampen the inward shift of the worker’s labor supply curve
due to the adjustment in the worker’s reference wage in the next period. How-
ever, depending on the size of the large negative labor demand shock this either
means lowering the wage less than w§ or not adjusting the wage at all. More pre-
cisely for e} < e§* (A2,02), the firm sets the wage wj, such that w?, > wf > wg,
while for e* (A2, 02) < ) < 25 ()2, 02) the firm does not adjust the wage, i.e.
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ns,w

eh=0,99 0
el =0,90 0
eb=0,75 0
el =0,65 0.0655
el =0,50 0.1526
el =0,25 0.2301
el =0,15 0.2454
el =0,05 02718

Table 2: Shock elasticities of wage in t = 0 to negative permanent labor demand
shocks, g (A2,02) = 0.8571

Me w

el =1,01 0

eb=1,10 0

el =1,25 0.3579
el =1,35 0.3801
el =1,50 0.4524
el =1,75  0.5020
el =1,85 0.5119
el =1,95 05188

Table 3: Shock elasticities of wage in ¢ = 0 to positive permanent labor demand
shocks, g (Mg, 02) = 1.1429

wly = w1

By contrast, for large positive permanent demand shocks &) > &g (A1, 61)
the firm always adjusts the wage upwards. However, our results also indicate
that the firm does not always set a wage w( that is higher than wg for very
large positive permanent labor demand shocks. If the shock exceeds a certain
threshold, i.e. € > €4* (\1,0;), the firm’s loss in terms of present profits from
not setting wyg is not compensated by the gain in terms of future profits. Thus
only for e5* (A1,01) > e > &5 (\1,01) the firm set the wage w) such that

/ * 17
wy > W

5 Conclusion

With our theory of wage adjustment under loss aversion we are able to provide
a complete account of the most stylized facts on wages. In particular, we can

16Tn our numerical anlysis e8* (A2,62) = 0,7060, while the critical shock &g (A2,62) =
0,8571.

1"In our numerical anlysis eg® (A1,01) = 1,2849, while the critical shock &g (A1,601) =
1,1429.
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explain wage freezes, why firms are reluctant to cut wages in “normal” times as
well as the existence of wage cuts in strong recessions.
In contrast to the New Keynesian literature, our explanation of wage adjust-
ment is thoroughly microfounded, without recourse to ad hoc assumptions.
Furthermore, our model needs to be incorporated into a general equilibrium
setting to validate the predictions of our theory.
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