Monetary policy in the presence of asymmetric wage indexation

February 2003
(preliminary draft)

Giuseppe Diana Pierre-Guillaume M éon

BETA-theme, Université Louis Pasteur LARGE

GRICE-TIPEE, Université Robert Schuman Institut d'Etudes Politiques

Pole Européen de Gestion Université Robert Schuman

61, avenue de la Forét Noire 47, avenue de la Forét Noire

67085 Strashourg Cedex, France 67082 Srasbourg Cedex, France

Phone: (33) 39024 21 65 Phone: (33) 388417721

Fax: (33) 390 Fax: (33) 388417778

e-mail : diana@cour not.u-strasbg.fr e-mail : pierre-guillaume.meon@iep.u-strasbg.fr

Abstract: We study optimal monetary policy in the presence of asymmetric wage indexation. We find that the
monetary authorities do not react to small output shocks and that their reaction to large shocks is
asymmetric. As a consequence, we observe that asymmetric wage indexation can be recessionary and

that it decreasesthe inflationary bias relative to an equivalent symmetric indexation.
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1. Introduction

The study of the reaction functions of central banks has attracted alot of attention from both
academics and practitioners over the recent years, leading to a flourishing literature that has
accumulated fresh evidence. Among the fresher results stands the fact that monetary policy tends to
be asymmetric. Namdly, it is not adjusted in the same way in the presence of postive or adverse
shocks. This obsarvetion initidly made by Mishkin and Posen(1997) and Clarida and
Gertler (1997) was later confirmed by Dolado et d. (2000). Thus it appears that major centra
banks tend to react more aggressively when inflation exceeds its target level than when it isbelow it.



Thisfinding is clearly a odds with most of the theoretica work on monetary policy, which, in
the spirit of Barro and Gordon (1983), usualy assumes that symmetric centra banks with symmetric
preferences face symmetric economies. To depart from the perfect symmetric world that is usudly
depicted in theoretical contributions, and provide a rationale for observed sylised facts, some
authors explicitly introduced an asymmetry in the preferences of the monetary authority they were
modelling. Thus, the recent papers by Dolado et a. (2000), Gerlach (2000), Cukierman (2000),
Jordan (2001), or Cukierman and Gerlach (2002) dl assume that the monetary authorities loss
function is asymmetric. Namdly, they assume that podtive and negative deviaions of economic
variables from ther target levelsimpact differently on the centrd banker’ s utility.

Asymmetric preferences is however not the only asymmetry that may interfere with the
conduct of monetary policy. In fact monetary authorities are confronted with many asymmetries, the
most obvious of which being the economy itsdf. Thus Cover (1992) observes that negative
monetary growth shocks in the United States induce large contractionsin red output growth whereas
positive monetary shocks have only limited expansonary consequences. Moreover, Kandil (1995,
1998, 2002) repeatedly observed Smilar asymmetries in various samples of countries both
developed and developing.

A likely culprit for those asymmetries is wage indexation, snce wages are typicaly indexed
upward but not downward. Such an observation was for instance made by Card (1986) for North
American wages. Moreover, Kandil (1995, 1998) observed asymmetric reactions of nomina wages
to monetary shocks at the aggregate level. In amore recent paper Kandil (2002) traces the evolution
of the United States performance back to the variations in the downward rigidity and upward
flexibility of nomind wages. Those empirica observations were recently complemented by Cover
and VanHoose (2002)' s contribution. These authors show that asymmetric wage indexation can be
the result of arationa behaviour of the private sector. Namely, they show that the private sector can
choose to index nomina wages upward but not downward.

In this paper we a0 tackle the issue of asymmetric wage indexation from atheoretica point
of view. However, instead of focusing on the explanation of that phenomenon, we concentrate on its
consequences for monetary policy. Our paper therefore complements the literature devoted to the
impact of wage indexaion on monetary policy, that was pioneered by Bal and Cecchetti (1991),
Vanhoose and Waller (1991, 1992) or Miles-Ferretti (1994). That literature shows that wage
indexation can be wefare enhancing because, even though it may raise the variability of output in the



presence of red shocks, it cuts down the inflationary bias of monetary policy. Surprisngly it has only
focused on symmetric wage indexation. Due to the policy implications of that strand of research, it is
important to check the robustness of its results in the light of a more redistic framework. Thisis the
am of the present paper.

We find that the assumption of asymmetric wage indexation, dthough it leads to greater
andytica complexity, sgnificantly modifies the results of the literature. More precisdy, we observe
that the monetary authorities do not react to dl output shocks and mogt of dl that they adopt an
asymmetric monetary policy rule. Accordingly, they tend to absorb expansonary shocks more than
recessonary ones, which is in line with the stylised fact underlined above. That behaviour can
moreover result in an expected level of income that fals short of its naturd level. We dso find that
asymmetric wage indexation lowers expected inflation, which is a sandard result of the literature,
However, we find that it leads to lower average inflation than symmetric indexation.

To reach those conclusions, the rest of the paper is organised as follows: the next section
presents the smple set-up on which our reasoning rests. The following section describes the
monetary authorities' behaviour. Section 4 closes the modd and compares the outcome of monetary
policy in the presence of asymmetric wage inflation with the outcomes of monetary in the presence of

symmetric wage indexation or no indexation. Section 5 concludes.

2. The set-up

To describe the supply side of our mode, we suppose that output is a downward-doping
schedule of the real wage. When al variables are expressed in logs, the supply function reeds:

Yo =-(W- p)+u 0

Where y; is output, w; the nomind wage, p; the price levd. a is apodtive condant. u; is a
redl shock, the magnitude of which is unknown to workers when they sign their wage contracts. u; is
i.i.d. and has a zero mean and awell defined variance s 2.

The nomind wage is supposed to follow a modified Gray (1976) indexaion rule. Namdly,
and following Cover and VanHoose (2002), we assume that wages are indexed upward but not
downward. Therefore, the indexation rule reads:

w, = p; +d(p, - pf) @)

where0£d £ 1if p>pfandd = 0if p, = p&



d isthe indexation parameter and p;° the expected price level. When the observed price level
exceeds the expected price level, the nomind wage is therefore a weighted average of current and
expected price levels. It is fully indexed when d = 1. On the other hand, when the expected price
level overshoots the observed price levd, the nomina wage remains fixed. In other words, we
assume that the nomina wage is automatically adjusted upward but is sticky downward.

Following Kandil (1998), there are several ways to judtify the asymmetric indexation rule we
employ here. The first one is to assume thet it is the result of an inditutiond setting that only
encourages upward adjustment in nomind wages. It would for instance not be counterintuitive to
congder that firms alow nomind wages to increase during booms to keep up with price rises while
they are rductant to fire workers in times of recesson, due to high hiring costs. Secondly, in
countries marked by a higory of high inflation workers may be more concerned about
underestimating than overestimating the inflation rate. They would thus demand an indexing rule that
would prevent large reductions of the red wage but would consder red wage increases unlikely.
Findly, one may aso contend that asymmetric indexation rules are an optimal response to red and
nomina uncertainties. Cover and VanHoose (2002) thus demongtrate that possbility.

When (2) is plugged into (1), the supply function is transformed into an expectations-
augmented short-run Phillips curve:

y =(1-d)p,-pe)+y, &)

Where p; and p;° are period t's current and rationdly expected inflation. Expression (3)
shows that the dope of the trade-off between income and unexpected inflation is a decreasing
function of the indexaion parameter d whenever current inflation exceeds expected inflation.
However, the dope of the supply curveis drictly greater when current inflation does not exceed or is
equal to its expected level, as wages are not indexed downward. This means that the supply curveis
kinked, which will have dramatic consequences on the behaviour of the monetary authority, as we
will see below.

To modd the demand side, we smply assume that the inflation rate is set directly by a
monetary authority whose loss function issmilar to Barro and Gordon (1983)'s:

1 _
It :%pt2 +E(yt - y)2

(4)

! Thisis clearly a simplification. Our results would nevertheless remain qualitatively unchanged if we assumed



y isthe target levd of output which can be greater than the naturd level of income due to

distortions on the labour market. g measures the reative weight the authorities place on output
gabilisation versusinflation stabilisation.

To complete the description of our modd, we must specify the timing of events. We
therefore assume that workers sign their wage contracts at the beginning of period t. The vadue of the
real shock u; is then reveded. The authorities subsequently set the inflation rate accordingly. Findly,

production takes place.
Figure 1
Time sequence of events
Contracts Shock Monetary Policy Production
Wi Ut Pt Yi
! ! ! b,
Period t time

3. The authorities’ reaction function
When monetary policy is discretionay and players move sequentidly, the only time
consstent policy can be determined by backward induction. As workers play first we must therefore
determine the authorities reaction function for a given nomina wage.
When the authorities set the inflation rate, they have dready observed the nomind wage, and
the supply shock. Accordingly, they minimise the value of their loss function (4) subject to (3) for a
given levd of p°and w. Taking first order condition, we can determine an expression of the
authorities reaction function when the price level exceeds its expected vaue:
L _-dYpe (- d)y- (1-al
t q+(1-d)

if pe > py° (5)

One can immediatdly get an expresson of the reaction function of the authorities when the
price leved is smaler than the expected inflation rate by setting d = 0 in (58). One consequently gets:

instead that wages are less indexed downward than upward.



P, _Ppcty-u if p = pe (5b)
qg+1

Of course, expressions (5a) and (5b) do not provide a complete description of the behaviour
of the authorities. We must indeed determine under which circumstances they will implement an
inflation rate thet is higher or lower than expected. In other words, we must determine the magnitude
of the shock that will lead the authorities to st pt > p:© or p; = p:. To do so, we subgtitute p; by its
vaue in (538) and solve the resulting inequdity for u. It then gppears that the authorities will choose
p: > p:if (and only if) u; issmdler than atrigger vdue u such that:

u=y-— p¢ (6a)

By the same token, and using expression (5b), we find that the authorities will st p, = p° if
and only if u; issmaller or equd to atrigger vdue U such that:
u=y-op¢ (6b)
We assume that the parameters of the modd are such that they result in a positive expected
inflation.? Since we assume that d is smaller than one, it is clear thet T > u . Therefore, if the reaction
of the authorities is well defined for shocks smaller than u or greater than T, we do not know yet
what their reaction may be in between. However, we show in the appendix that their best response

whenever u, 1 [g; U] isto st an inflation rate thet is equal to the expected inflation rate.

We can now give a precise definition of the reaction function of the authorities. It reads:

( dpetdy-Edle Lo,
g+{d) -

=ipt if u<w<u (7)

pr+y- U if u>O

From this expression of the reaction function, we can reach our first propostion:

Proposition 1: The authorities do not accommodate small shocks.

%Itisin fact possible that expected inflation turns out negative as, as we will see below, the authorities tend to
react more to positive output shocks that to negative ones.



Proof: From (7) it is clear that whenever u, 1 [g; U], there is no unexpected inflation and the

authorities therefore do not absorb the supply shock, which proves proposition 1.

***ingert figure 1 herer**

The intuitive explanation of propostion 1 is easly grasgped by looking a figure 1. As the
supply curve is kinked, we obtain corner solutions when shocks belong to the [g; U] interval. It takes

alarger shock to drive the optimd inflation rate above or below p°.

Proposition 2. The authorities accommodate large inflationary output shocks more than large
recessionary shocks
Proof: By plugging the rdevant part of (7) in (3), one obtains the actud vaue of output for a
given expected inflation rate when the authorities behave according to their reaction function.

-q(-dps+(-d)’y g

It amounts to =
8 q+1 q+(1-d)

> U, whenever u, <u and to

_-Fty g
g+l q+1

Y, u, whenever u, >U. The coefficient on u; indicates the eladticity

of output to the initid shock. As d is podtive and smadler than one, it gopears that the
absolute dadticity of output to shock U is grester when the shock is negetive than when it is
positive, which proves proposition (2).

The intuition behind propogtion 2 is farly straghtforward. The authorities determine the
inflation rate by comparing the margina loss incurred by increased inflation and the marginal benefit
from bringing output closer to its target level. Now, as wages ae indexed upward but not
downward, the margind benfit of manipulating inflation is smaler for negative output shocks, that
require to inflate more than expected and face wage indexation, than for positive output shocks that
require to inflate less than expected. Therefore the incentive to manipulate inflation is smaler for
negative shocks than for postive shocks. The former are consequently less accommodated than the
|atter.



The reaults we have obtained so far do not necesstate to determine expected inflation.
However, determining expected inflation is a necessary step to describe the outcome of monetary
policy in our mode. We turn to that step in the next section.

4. Expectations, Output and Welfare

When private agents form they expectations about the inflation rate, they do not know the
magnitude of the inflation rate. They therefore ignore if the authorities will manipuleate inflation and
how. They must consequently expect an average of the conditiona expectations of the inflation rates
weighted by their probabilities. Accordingly, the private sector expects the following inflation rate:
pe = prob(y, <g)><E(pt|ut <u) + problu <u, <U)><E(pt|g <u, <T) + prob(u, >T )><E(pt|ut >0)

(8)

The fird step in solving equation (8) is to compute the conditiona expectations and
probabilities of the inflation rate, which requires to specify the didribution of w. In the rest of the
paper, we assume that it is normaly distributed around zero. For conciseness sake, the conditiona
probabilities and expectations are defined in gppendix (A2). By subdtituting those vaues in
expresson (8) and by smplifying, one obtains an equation whose solution is the expected inflation
rate. Unfortunately, that equation is quite messy and has no smple solution. In the rest of this paper,
we therefore resort to Smulations to close the modd.

Table 1 reports the results of our smulations for a redigtic range of the parameters. It
exhibits the expected value of the inflation rate, of output and of the authorities losses. It aso
displays the inflation rate that would be expected if wage indexation was symmetric, that is denoted
P %m and with no indexation, that is designated by p®oindex-

Although the results displayed in table 1 rest on a smulation and cannot therefore be
generdised, they confirm some standards results of the literature. Namely, it appears that a larger
targeted levd of output and a smdler weight attached to inflation increase the inflationary bias. This
results from the fact that both these evolutions increase the perceived benefit from unexpected

- 1_
* Those inflation rates are given by p 5. =———Y and P . qex = — Y respectively. The expected output in
q a

the presence of symmetric indexation is always egqual to the natural level of output which is zero in our set-up and
istherefore not reported.



inflation. As the private sector understands the incentives faced by the authorities, the inflationary

bias.
Table 1 : amulation results
S y q d s P | E®) | E() | Poindec| PSmm
) 2 ©) (4) ) ©) (6) () (8) 9)
D 1 1 1 0.5 1 0.112 | - 0.015| 0.204 1 0.5
2 1 1 1 0.9 1 0.025 | -0.060| 0.236 1 0.1
3 1 1 1 01 1 0.149 | 0.050 | 0.157 1 0.9
4 1 1 0.5 01 1 0.219 | 0.099 | 0.118 2 18
5) 1 1 0.5 0.5 1 0.195 | 0.017 | 0.180 2 1
(6) 1 1 2 0.5 1 0.060 | -0.035| 0.220 | 05 0.25
(7 1 1 5 0.5 1 0.025 | -0.048| 0230 | 0.2 0.1
(8 1 0.5 1 0.5 1 0.051 | -0.024| 0.095 0.5 0.25
9 1 2 1 0.5 1 0.255 | 0.053 | 0.654 2 1
(10) 1 4 1 0.5 1 0.543 | 0.183 | 2.446 4 2
Besde those usud results, our smulaions highlight two important findings that are

summarised in our next propositions and are worth underlining.

Proposition 3a: Asymmetric wage indexation can be recessonnary.

Proposition 3b : Asymmetric wage indexation can be expansionnary.

That gtriking festure of our Smulations is obtained by reading the sxth column of table 1 and

appears in lines (1), (2), (6), (7) and (8). The intuition of this result 3 rests on propogtion 2. As the

authorities absorb positive shocks more than negative ones, it is possible that output lies on average

below its naturd level. It need not be so though. Thus, this finding depends on the magnitude of the

shocks that are stabilised and on the probability that they occur, which explains why expected output
may lie aboveits naturd leve, asin lines (3), (4), (5), (9) and (10) of table 1.




A dightly more careful ingpection of table 1 reveds a second set of noteworthy findings that
are summarised in proposition 4a and 4b.

Proposition 4a Asymmetric wage indexation can reduce the inflationary bias reative to a Stuation
without indexation.

This finding is obtained by comparing columns (5) and (8) of table 1. It appears that the
inflationary bias, dternatively expected inflation is sysematically lower in the presence of asymmetric
wage indexation than in the presence of no indexation a dl. This finding is in line with the common
view of the consequences of wage indexation on monetary policy, that can for instance be traced
back to Devereux (1987). It results from the fact that wage indexation lowers the perceived benefits
from unexpected inflation because it reduces its impact on the red wage. The temptation to inflate is

therefore cut down accordingly.

Proposition 4b: Asymmetric wage indexation can reduce the inflationary bias relaive to an equivaent
symmetric indexation.

That proposition is more innovative. It is obtained by comparing columns (5) and (9) of table
1. It underlines that there is more to asymmetric indexation than a smple combination of symmetric
indexation and no indexation. To grasp the rationae behind propostion (4b), one must bear in mind
that we are deding with a sochagtic modd and that wage indexation interacts with both the
deterministic component of the inflation rate and its sochastic component. Namely it reduces the
inflationary bias but dso modifies the way the authorities adjust the inflation rate so as to absorb
output shocks.

Now, when indexation is symmetric, it cuts down the inflationary bias but has a symmetric
impact on the reaction of the authorities to output shocks. In other words it reduces the incentive to
engineer unexpected inflation but aso to engineer unexpected disnflation, when shocks are very
expansonary. On average, both effects cancel out.

When indexation is asymmetric however, it dso cuts down the inflationary bias but it only
reduces the incentive to create unexpected inflation and leaves intact the incentive to create

unexpected dignflation. This asymmetry in the reaction of the authorities to output shocks further

10



reduces the average inflation rate, which explains why expected inflation is even amdler than in the
presence of symmetric wage inflation.

5. Concluding remarks

In this paper, we studied the consequences of asymmetric wage indexation for monetary
policy in a framework ala Barro and Gordon (1983). We observed that that marginad modification
of their framework provides unexpected modifications of the usud findings of the literature. Namely,
we found that the reaction of monetary authorities to output shocks could become asymmetric,
leading to an expected level of output that may be below its naturd leve. We aso found that if wage
indexation is deflationary, it is more SO when it is asymmetric. A synthetic theoreticad implication of
our findings is that making our modds dightly more redigtic can significantly dter the results thet are
usualy consdered standard in the literature.

The main policy implication of our results is that wage indexation is more subtle a policy
insrument and that its effects are more pervasve than what is usualy contended in the literature.
Owing to the complexity of our caculations, we had to resort to numerica smulations and cannot
unfortunately be more specific as to the critica vaues of the parameters. Our results accordingly
deserve closer examination, which paves the way for future research. However, in the mean time,

they remain, to say the lead, intriguing.
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Appendix

Al Monetary policy when u, T [u; @]

In this appendix, we show that the optimal monetary policy when u, 1 [g; U] congds in
vaidating the private sector’s expectations. Our line of reasoning is organised in two steps. Wefirgly
show that it is not optima for the authorities to implement an inflation rate that exceeds expected
inflation. We then show that it is not optima to implement an inflation rate thet is lower than expected
inflation.

Let us assume that the authorities implement an inflation rate that exceeds expected inflation.
Under those circumstances, wages are indexed and the supply function is given by (3). To determine
the optimd inflation rate, we plug (3) in (4) and differentiate. We thus get the following expression:

ql
TP di [u;T]

=(L- d)fp, - pe)+ (- d)y- u)+ap,

(A1)

As we assume that the inflation rate that the authorities implement is greater than the
expected inflation rate, it is clear that the first member of expression (A1) is postive. It can easly be
shown that the second member of that expresson is dso podtive. Thus, as we assume that

q

UtT [9; U] , we know from (6a) that u, >y- T4

p . Thisisequivdent to:

(L-d)u, - ¥)>-ap¢ (A2)

By adding gp: to both sides of the above inequdity and factorising, onefinds:

(- d)u, - ¥)+ap, >alp, - p¢)>0

(A3)

Aswe assumethat p; > p:°, expression (A3), that is equa to the second part of expression
(Al), is dearly podtive, meaning that the authorities losses are increasing in py. The authorities
optima solution is consequently a corner solution and they set p; = p¢%.

By the same token, we can show that the authorities will not set an inflation rate that is lower
than the expected inflation. Under those circumstances, wages are not indexed and the supply
function is given by (3) with d = 0. To determine the optima inflation rate, we plug (3) in (4) and
differentiate. We thus get the following expression:



ql
TP d=0

=pt'pte'y+ut+qpt (A4)

As we assume that the inflation rate that the authorities implement is smdler than the
expected inflation rate, it is clear that the first member of expresson (A4) is negative. It can easlly be
shown that the second member of that expression is dso negative. Thus, as we assume that

ul [g; U] , we know from (6a) that u, <Yy - gp°, which isequivdent to:

U - y<-ap; (A5)
By adding gp; to both sides of the above inequality and factorisng, one finds.
u - V+qpt<q(pt 'pte)<o (AG)

As we assume that p; < p:", expression (A6) shows that the second member of expression
(A4) is clearly negative, meaning that the authorities losses are decreasing in p;. The authorities
optimal solution is consequently a corner solution and they set p. = p+°.

Consequently, whenever u, 1 [g; U] , the authorities optimd policy is to implement the
inflation rate that was expected by the private sector. They consequently do not accommodate the
supply shock.

A2 Conditional expectations and probabilities

As u; followsanormd digtribution, the conditiona probabilities on u; can be written as.

prob(u, <u) = y(‘)fdu prob(u<u, <0 ) = U(‘)fdu prob(u, >T ) :¥(‘)fdu
R ) T
(A7a) (A7b) (A7C)
where f :p%/ge_% isthe normal density function.
By the same token, the conditional expectation of the inflation rate can be written as.
E(pt|ut <u ) =_29f 0,Ju, <u du (A8a)
E(pt|g<ut<U)=Uc‘)f>pt|g<ut<U du (A8b)



¥
EpJu >T) =of p,|u, >T du (ASC)
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