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Abstract
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central bank we show that although central banks may not gain more information
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1 Introduction

In the course of conducting monetary policy, the central bank observes and forecasts
a variety of real and nominal variables such as order inflows in firms, wages, and asset
prices. In this paper we ask whether it is sufficient for central banks to observe and
forecast nominal variables only. We examine the interplay between wage setting by sec-
toral labor unions and monetary policy. Our major conclusion is that although central
banks may not gain more information by directly acquiring data about indicators of
real shocks in the economy, such activities are nevertheless beneficial for central banks
and yield lower social losses.

While the literature on information asymmetries between the central bank and the
public usually assumes that the central bank is better informed,! we assume that
unions may potentially have superior information. Note, however, that for our results
to hold it is not necessary that the unions are better informed in every respect; it is
sufficient for them to have some private information which the central bank does not
possess. Our results remain valid even if the central bank has superior information

overall.

Why is it that unions may have some information which might not be available to
the central bank? We have in mind that, e.g., in Germany representatives of the
employees have the legal right to be on the supervisory board. Through participation
in management decisions and due to their familiarity with the firms they work for,
union representatives may sometimes have information, e.g., on order inflows or the
development of profits, which may not be available to the central bank immediately.
This private information can then be used in wage bargaining. However, we also assume
that these information asymmetries can be overcome if the central bank invests in a
data aggregation process.

Our main argument runs as follows. Suppose a central bank estimates shocks to labor
demand independently of labor unions. The central bank will counteract nominal wage
increases by inflationary policy in order to moderate unemployment. The situation
changes when the central bank does not observe shocks to labor demand independently
but has to rely on the inference of real shocks from the unions” wage setting. If unions
choose high nominal wages, the central bank will still want to increase inflation in order
to achieve a lower level of unemployment. On the other hand, the central bank will
expect a favorable real shock when it observes high nominal wages. This will lower its
willingness to increase inflation. Overall, without independent information acquisition,
the central bank will react less strongly to an increase in nominal wages.

IFor recent empirical evidence that central banks may have superior information cf. Peek et al.
(2003) and Romer and Romer (2000).



Since the central bank does not react strongly to increases in nominal wages when it
does not observe real shocks directly, unions will choose higher nominal wages. Due
to increasing marginal costs of inflation for the central bank, it does not compensate
the high level of nominal wages completely by a correspondingly high rate of inflation.

This leads to high real wages and unemployment despite high inflation rates.

In summary, although the central bank can infer real shocks from the unions’ wage
setting, unions’ incentives to signal favorable labor supply shocks lead to higher nominal
and real wages when the central bank has no independent sources about the shocks.
Higher real wages will create more unemployment. Hence, social welfare as determined
by unemployment and inflation is better if the central bank does not base policy on

nominal wages alone.

The conclusions in this paper suggest that central banks should have independent re-
search capabilities enabling them to identify real shocks if the costs for information
acquisition are not too large. Our analysis may also have some bearings on the insti-
tutional design of the European Central Bank (ECB) and the National Central Banks
(NCBs) in Europe. Our analysis can be interpreted as an interplay between a central
bank and many regional unions. If unions are to play an important role in Europe, our
result suggests that a strong regional presence of the ECB through the NCBs will be
beneficial since information acquisition can then be done independently from observ-
ing nominal variables. If, however, traditional national unions are unable to coordinate
wage setting across national boundaries in the future, the ECB may need fewer inde-
pendent research capabilities since in the case of a large number of small unions, the
value of direct observation of shocks disappears. Our analysis suggests that the extent
of research activities of the ECB should depend on the process of unions formation in
Europe.

2 Relation to the Literature

The consequences of the interaction between central banks and a number of sectoral
unions for monetary policy have recently been fleshed out in several important contri-
butions.? In our paper, we examine whether the central bank should use real variables
as indicators for monetary policy even if their information content could precisely be

inferred from nominal wages.

While there are no other contributions directly dealing with the issues addressed in

this paper, there is one article that is complementary to our analysis. Woodford (1994)

2Cf. Agell and Isander (1993), Bleany (1996), Bruno and Sachs (1985), Calmfors and Driffill (1998),
Cubitt (1995), Cukierman (1992), Cukierman and Lippi (1999), Forteza (1998), Griiner and Hefeker
(1998), Guzzo and Velasco (1999), Herrendorf and Lockwood (1997), and Skott (1997).



has recently examined the general question of the indicators to be used for monetary
policy. He shows that one cannot judge the usefulness of indicators by merely looking
at econometric data to the exclusion of a structural model.

Our paper suggests that an indicator which does not improve the central bank’s infor-
mation set if it is observed directly cannot be neglected without the danger of impairing
the performance of monetary policy.

3 Model

We take our bearings from the models of Cukierman and Lippi (1999), Griiner and
Hefeker (1998), and Herrendorf and Lockwood (1997) and consider information asym-
metries between unions and the central bank. These information asymmetries can be
mitigated either by inference from observed wages or by an independent information
acquisition process.

There are a central bank, which controls inflation, and n > 1 identical unions, each of
them representing a different industry. Unions are monopolists in their industries and
choose wages for their members.

The loss function of the central bank is given by the standard view that the central

bank is concerned about inflation and unemployment:
Leg = p* + aw? (1)

where p is the log of the inflation rate plus one. p equals the log of the price level if we
normalize the log of the initial price level to zero. Aggregate unemployment is denoted
by w and a > 0 is the relative weight of the employment target.

Following al Nowaihi and Levine (1994), Cukierman and Lippi (1999), and Griiner and
Hefeker (1998), the loss function of union j is given by

where w; is the log nominal wage chosen by union j. The log real wage for the union’s
members amounts to w; := w; — p. Unemployment among the union’s members is
denoted by u;. The positive parameters A and B stand for the importance of the
employment and inflation target, respectively. The unions may dislike inflation because
of its negative impact on member’s saving accounts, pensions, and other nominal assets
which cannot be indexed on inflation (as developed by al Nowaihi and Levine (1994)).
To offer empirical evidence for the unions’ dislike of inflation, Griiner and Hefeker
(1998) report that German labor unions urged the ECB to keep inflation low under
EMU.



The demand for the labor of union j is assumed to be:

[
d
lj:oz(d—(wj—p)—i—e)ﬁ (3)
where € is a macroeconomic shock which affects labor demand in all industries in the
same way.? We assume that ¢ is normally distributed with mean zero and standard de-
viation o.. a and d are positive parameters. Labor is supplied completely inelastically.
Aggregate labor supply of all unions is given by [. Since unions are assumed to be
identical in size, labor supply for each industry equals [5 := [/n. The unemployment
rate among the members of union j is defined as:
15— 14
U; 1= I 5 I (4)

J

Using the labor demand function in equation (3) we obtain:

uj=afw; —p—d+a ' —e )
Additionally, we have introduced the market clearing real wage w¢ := d — o~ which
would equalize labor supply and demand if no shocks € were present. The mean un-
employment rate, defined as the average over all industries, amounts to:

u=aWw—p—w —e¢) (6)

where W denotes the mean wage across all unions, i.e. W:=1/n) .  w;.

The sequence of events is as follows:

1. The shock € is drawn from a normal distribution, i.e. € ~ N(0,02). The shock
cannot be observed by the central bank and the unions. Instead, each union
receives noisy information about the macroeconomic shock e, i.e. it draws a
sample x from a normal distribution with unknown mean € and a specified value
of the variance o2: x ~ N(e,02). For simplicity’s sake, we assume that every

union observes the same sample.* Based on the sample, each union forms a

3Cukierman and Lippi (1999) use a labor demand function that depends on the difference between
the wage set by the union and the average wage across all industries. This term is meant to capture
a competition effect which we have omitted for convenience. But our main result appears to be
robust to the introduction of this effect since the incentives to signal shocks remain, only the unions’
wage responses to observations of shocks become less elastic. However, our finding that the results of
proposition 2 do not depend on the number of unions then no longer holds.

4An alternative assumption would be that each union draws a different sample and therefore must
estimate the mean of the other unions’ posterior distribution, which differs from the mean of its
own posterior distribution. In this context, the analysis becomes much more complex. But at least
proposition 1 still holds with slight modifications, a proof is available upon request. The current
assumption appears to be a plausible and the most tractable way to examine our question.



Figure 1: Sequence of events

Each union observes
a noisy signal about
the shock.

The central bank
acquires information.

The shock occurs. In
every industry,
workers are employed.

Each union chooses
the nominal wage in
its industry.

The central bank
chooses inflation.

posterior distribution about the shock. The posterior distribution is again a
normal distribution (cf. DeGroot (1970), p. 167) with mean:

_ x
Ele|z] = — I
o2 ' o2
and variance:
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2. Each union chooses the nominal wage w; in the respective industry.

3. The central bank observes the mean nominal wage and may or may not observe

the unions’ information about the shock,i.e. the sample z.

4. Given its information set, the central bank chooses the inflation rate.

5. The shock occurs and in every industry unemployment ensues.

We summarize the sequence of events in figure 1.

The use of normal distributions can be problematic because these distributions imply
that shocks can be arbitrarily large. The problem can be largely avoided if the variance
of the shock is rather small and thus the likelihood that labor supply will exceed
labor demand can be neglected. More importantly, our results do not hinge on the
distribution of shocks. Since only expected values matter in all proofs, our analysis
will hold for any pair of conjugate prior and posterior distributions when the prior

distribution has mean zero and a bounded variance. In particular, we could choose a
prior distribution of the shock with sufficiently bounded support.®

5Tn proposition 2 we show that without independent information accumulating, the central bank’s



4 The Central Bank’s Best Response

We first derive the central bank’s reaction to unions’ wage setting given its knowledge
or assessment of the macroeconomic shock. Inserting equation (6) into equation (1)
yields:

Lep = p* + ad®(W — p — wy — ¢)? (9)

By differentiating the central bank’s expected losses with respect to p we obtain the
central bank’s monetary policy reaction function

aa2

p= 1+ aa?

(W — w — Ecple]) (10)

where Ecp denotes the expectation depending on the central bank’s information set.
The central bank’s monetary policy reaction function is fairly general, since we have
not yet specified how the expectations of the central bank concerning the size of the
shock are formed.

The reaction function implies that the optimal rate of inflation increases with the
expected mean nominal wage, but decreases with the central bank’s expectation of the
shock. If the nominal wages are set very high, the central bank favors larger inflation
rates to reduce real wages and to prevent unemployment. If the central bank expects
a large shock, which is beneficial for employment, then the desire to establish a high
level of inflation is smaller. For a = 0, i.e. if the central bank does not care about
employment at all, the optimal inflation rate is always given by p = 0.

5 Direct Acquisition of Information about Real Vari-
ables by Central Banks

In the first scenario, we assume that the central bank does not only know the mean
wage w, but is additionally able to gather the unions’ information about the shock
x. For instance, the central bank may have invested in a large information gathering
process to obtain the same information as the unions. Inserting Ecple] = Ele|z] into

the expression for the central bank’s reaction function embodied in equation (10) yields:

2

aa
_ (T — € — 11
P=7 aaQ(w wt — Ele|x]) (11)

expectation of the real shock is a linear function of the observed wage level. If shocks were bounded,
the central bank’s expectations could not exceed the maximum possible shock but would be constant if
very high wages were chosen. Similarly, the central bank’s expectations about the shock would remain
constant for very low wages. For intermediate wage levels, the expectations given by proposition 2
would still be valid. One can readily verify that this modified expectation schedule of the central bank
about the shock leaves all main features of the equilibrium unchanged.



Each union minimizes its expected losses taking the central bank’s reaction into ac-
count. In the appendix we show that the following equilibrium exists using superscripts
N R to denote the equilibrium values if the central bank has information about nominal
and real variables:

Proposition 1
Suppose the central bank knows the information of unions about the shock x. Then, a
unique perfect Bayesian equilibrium exists where unions choose the following nominal

wages:
1 1
—NR c
W= w; + Ele|z] + oy (a + —2> (12)
A+ n+(n—1)aca? B @
The central bank chooses the inflation rate:
1
NR
D = 2o a (13>
A+ n+(n—1)aa? B

Proposition 1 implies that the equilibrium real wage is given by:

1 1
—NR,r c
w =W, + E[dx] + a2a2 D) (14)
A+ n+(n—1)aa2B «
and unemployment amounts to:
_NR 1 1
Ut = — + a(Elelz] — ) (15)
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n+(n—1)aa?

The real wage is always above w¢ + El[e|z] which is the unions’ best estimate of the
market-clearing real wage. Hence, expected unemployment is always positive. Unions
are willing to trade off a moderate rise in unemployment against an increase in real

wages.

The prediction error of unions F[e|z| — € has the following impact on unemployment. If
El[e|z] — € is positive, then unions expect the shock to be more favorable than it actually
is. This induces them to choose rather high wages, implying high unemployment. But
if E'le|x]— e is negative, then unions’ estimate of the shock was too pessimistic, resulting
in cautious wage setting and lower unemployment.5

6 Inferring Real Variables from Nominal Variables

In this section we assume that the central bank has no direct means of gathering

information about the shock or about unions’ expectations about the shock. Then the

5Proposition 1 could be used to establish comparative-static results with respect to changes in the
number of unions n and of the other parameters. These results, however, are omitted here since they
essentially reproduce those in Cukierman and Lippi (1999) in the absence of the competition effect.



only information available to the central bank is the mean wage. The central bank will
therefore try to derive unions’ information about the shock from the observed nominal
wages. This implies that we can rewrite equation (10) as

aa’

pP= 1+ ac?

(m ot - ECB[EW]) (16)

where E¢pe[w] denotes the central bank’s expectation about the shock conditional on
the observed mean wage w. The crucial question is how the central bank estimates
the realization of the macroeconomic shock from the aggregate nominal wage. We will
only consider fully separating equilibria, i.e. for any two different expectations Fle|z],
different wages w are chosen.” Hence, the central bank can always infer the information
of the unions from the observed mean wage.

Proposition 2
Suppose the central bank only observes the mean wage. Then a fully separating perfect

Bayesian equilibrium exists.® Each union sets the nominal wage according to:

1 1
w" = Ele|z] + w + 1 (a + @) (17)

The central bank’s choice of inflation amounts to:

pN = %a (18)

The central bank’s expectation about the shock is given as:

R | 1
Ecplelw] =w — wi — Z(a—f— @) (19)

From proposition 2, we immediately obtain the equilibrium real wage

11
—N,r c
K- E — 20
V" = wf + Blela] + (20)
and the unemployment rate:
~n_ 1
U =—+a(Elelz] —¢) (21)

Ao

"In our setup, pooling equilibria do not exist. Due to the assumption that shocks are normally
distributed, it is possible that arbitrarily large shocks may occur. Intuitively, it cannot be optimal for
the unions to always choose the same wage, no matter how large the expected shock. If, however, we
assumed that the shocks were bounded, pooling equilibria, in which any union would always choose
the same wage, could exist. The existence of pooling equilibria would not conflict with our central
finding. The case for information collection would be even stronger in a pooling equilibrium since the
central bank could no longer infer the size of the shock from wages.

8For n # 1, the proposed equilibrium is unique, i.e. no other separating equilibrium exists.




It appears counter-intuitive for the equilibrium values of the endogenous variables to
be independent of the number of unions. One would expect single unions to take the
strength of their impact on the central bank’s behavior into account; the strength of
this impact is determined by the overall number of unions. The strategic power of any
single union should become smaller in proportion to the number of unions populating
the economy. So why do the equilibrium values not depend on the number of unions
n?

In our model, the central bank still chooses the equilibrium inflation rate when a union
deviates by choosing a different wage. This is due to two offsetting effects. If a union
deviates in its wage policy, it affects both the central bank’s estimate of the shock and
the expected unemployment rate. Both effects increase with the size of the union. The
larger the union is, the more strongly a high wage affects the central bank’s estimate
of the shock and the more willing the central bank is to react to a high wage with
strictly anti-inflationary monetary policy. On the other hand, the larger the union
is, the more it will increase aggregate unemployment with a high wage and the more
likely the central bank is to pursue rather lax inflationary policy in order to reduce real
wages. Thus, the strength of these two isolated effects does depend on the number of
unions, while the net effect is always zero and independent of n.

While both effects always work in opposite directions, it is clear that the independence
of the equilibrium values of proposition 2 is not robust to changes in the specification
of our model with respect to the functional form of labor demand.

7 The Value of Direct Observations for Society, the
Central Bank, and Unions

In this section we compare proposition 1 and proposition 2 in order to obtain the major
conclusions of our paper.

If the central bank does not know the information of the unions, an increase in nominal
wages has two effects on the central bank’s reaction function. Firstly, an increase in
wages should increase the optimal inflation rate because the central bank wants to
reduce the unemployment created by high wages. Secondly, an increase in wages should
have a positive impact on the central bank’s expectation of the labor demand shock.
This effect should lower the optimal inflation rate. Therefore, if the central bank does
know unions’ expectation about the shock, it will increase inflation more strongly as a
reaction to higher nominal wages. Especially when the value of B is large, this makes
high nominal wages less attractive for unions. Thus, equilibrium nominal wages are

higher if the central bank does not know unions’ expectation about the shock. But the

10



higher equilibrium nominal wages are, the higher the equilibrium inflation rate must
be. And due to the increasing marginal costs of inflation for the central bank, higher
equilibrium nominal wages imply higher real wages, which in turn create additional

unemployment.

Proposition 1 and proposition 2 have important implications for the central bank’s value
of direct information about real variables. Since both inflation and unemployment are
lower if the central bank can observe the information of the unions about the shock,
the central bank will always prefer to have direct information on E|[e|z]| over inferring
the correct value of E[e|z] from nominal variables, i.e. the value of information is larger
than zero. Social losses, which we assume to increase in aggregate unemployment and
inflation and which do not necessarily coincide with the central bank’s losses, are higher

if the central bank does not independently acquire information on real variables as well.

Having established the positive value of a direct forecast of real variables for the central
bank, we now discuss whether unions also benefit from the direct observation of real
variables by central banks.

In order to answer this question we compare the losses for unions if the central bank
observes information about real shocks directly (cf. section 5) with the losses if the
central bank has to derive the information observed by unions from the nominal wages
(cf. section 6). The direct observation of real variables by the central bank is beneficial
for the unions if the difference in these losses is positive. In the appendix we show:

Proposition 3
1. For B > 0, unions benefit from the direct observation of real variables by the
central bank if and only if

1, (1 1 )
Y A+ B 1 99
5 (A+A+ oo B>( + Ba%) > (22)

n+(n—1)aa?

holds.

2. For B = 0, unions are always indifferent.

The direct observation of real variables by the central bank has ambiguous effects on
unions’ losses. If the central bank observes the information of the unions directly, real
wages are smaller. This has a negative impact on unions’ utility. But on the other
hand, unemployment and inflation are lower, which is beneficial for unions. Proposition
3 implies that it is not clear which effect is stronger. Unions may or may not benefit
from the direct acquisition of information about real variables by central banks.

From our major conclusion that research activities about real shocks can be beneficial
although the information gained by these activities could be obtained from observing

11



nominal variables, we have established a new point of direct relevance for monetary
policy. But our analysis also points to new insights at the conceptual level. While it
is known that signaling incentives by an informed party can distort allocations even
if the receiver of price signals can precisely infer the information in equilibrium (cf.
Kreps and Sobel (1994) for a survey), there are no general results for the case where an
uninformed player faces a number of informed parties. We show that the central bank
benefits from direct information acquisition even if a multitude of unions are trying to
signal their estimate of the shock.

Two additional results are of general interest for signaling games and for agency re-
lationships. Firstly, the more informed parties (i.e. unions) there are trying to signal
shocks, the fewer the distortions there are for the uninformed party (i.e. the central
bank). Indeed for n towards infinity, the value of direct observation of shocks for the
central bank disappears, since if the number of unions goes to infinity, the equilibrium
values are identical under both scenarios. A second, rather surprising result is that the
informed players (i.e. the unions) can be better off or worse off when the uninformed
player (i.e. the central bank) becomes informed. Usually, in agency relationships the
uninformed agent has to give some rent to the informed agent. In our context, where
the central bank can infer the shock from prices in the labor market, the informed
players may benefit when the uninformed central bank is equally well informed. Fur-
thermore, a new finding emerging from the condition in proposition 3 is that unions
are more likely to benefit from an informed central bank if the number of unions is

large.

8 Conclusion

The main message of the paper is support for an independent role of central banks in the
acquisition of information about real shocks in the economy. Although central banks
can infer private information precisely from nominal variables such as wages, unions’
incentives to signal a positive shock will lead to high unemployment and inflation.
While probably no-one would deny that central banks should be well-informed in order
to make good monetary policy, we establish a new point why information acquisition is
beneficial. Information aggregation about real variables, although it may not improve
the central bank’s understanding of the economy and which is in this sense redundant,
may destroy unions’ incentives to signal positive realizations of shocks. This may
shift the trade-off between the costs and benefits of information acquisition somewhat

towards more information acquisition.

Our analysis can be reinterpreted and applied to the European System of Central Banks
(ESCB) if we consider regional instead of sectoral unions. In a first step, our results

12



seem to stress the importance of the NCBs’ role in the information acquisition process

about real shocks, which should be independent of the wage-setting process.

However, caution may be advisable in two respects. Firstly, the difference between the
two scenarios we have considered vanishes if a large number of unions are present and
if single unions have only a marginal impact on the central bank’s policy. Therefore,
the direct acquisition of information about real variables will only be important if
the number of unions in Europe is not too large. An interesting corollary is that the
ECB may need to increase its capacity for collecting information if traditional national
unions manage to coordinate wage bargaining across national boundaries. Secondly,
we have deliberately disregarded direct costs of information collection for the central
bank. In reality, the staff and the resources needed to gather information represent an
opportunity cost which has to be subtracted from the positive value of information in
order to judge how much in the way of resources should be devoted to independent
research about macroeconomic shocks.

13



Appendix

Proof of Proposition 1 Using equation (2), the expected losses of union j are given

by:
L; = —2(w; — E[plz]) + AE[uﬂx] + BE[p*|z]

Minimizing the expected losses for union j and using % = % yields the first-order
condition:

1 0

0 = ——FI[L;
350 ElLsle
aa? n+ (n—1)ac? aa?
= ————1+4A Elu; B—F
n(l+ aa?) +Aa n(l + aa?) i) + n(1 + aa?) Pl

This equation describes the optimal choice of w; depending on the wages set by the
other unions. Due to the symmetry of the problem, all wages must equal in equilibrium.
Therefore, w; = w holds. It follows from (5) and (10) that

Elule] = a(w; — Elpla] - Elela] - )

and )
ax
Eplz] = —= (w; — wi — Ele|x]).
[p|] 1+CLO£2(] r [|])
Inserting these equations into the first-order condition for the best response and rear-

ranging the terms we obtain:

Aa*(n+ (n — 1)aa?) a2at )

2\ _ 2 0 ¢
n(1+aa)_aa —|—(/LU—/LUT._E[€|:E])( 1+a0[2 + 1+QO{2

Solving for w yields the equilibrium wage, denoted by w™ . Inserting w into equation
(11) leads to the equilibrium inflation rate.

Proof of Proposition 2  The minimization of union j’s loss function yields the

first-order condition:

1 0
0 = 50—%E[Lj|f]
= iE[p|ac] — 1+ AaFEu;lz]| 1 — iE[ |] —I—BE[p|m]iE[ | ]
O, ! ow; P ow; b

In a symmetric equilibrium, we must have w; = w;, Vi # j and therefore w = w;, Vi #
j. In a fully separating equilibrium, the central bank can completely infer the unions’

14



information from the observed wage, i.e. Ecgle|w] = Ele|x]. We define f(w;) =
Ecplelw;] and use (5) and (10) to obtain:
2

ao _ ¢ e
Elpla] = s (7 - wi - f(@)),
Elujlz] = oz(wj — Elp|x] — Ele|z] — wf,)
aaQ — c — c
= « (wj - m(w—wr —f(w)> — Elel] —wr> >
0 ao’ L 0
a—ij[p’l’] = m(l - ['(w)) ow; "
2
aq L
= a(l+aa?) (1= f(w)),
0 aa? , 0 _
a—%E[Uﬂx] = « (1 T Traa (1 — f'wy)) E)—ij)
aa? L
= a(l—m(l—f(’w)))-
In a symmetric fully separating equilibrium @ = w; and Ele|z] = f(w;) must hold.

Then the third of the above equations simplifies to:
Q@

1T aa? (wj —wy — f(“h‘))

Inserting these equations into the first-order condition, we obtain the following differ-

Bluyl] =

ential equation:

aa’®

0 = m(l — f'(wy)) =1
Ao’ aa’?
+m(wa‘ —wi — f(w;)) <1 - m(l - f’(%‘)))

wj —wi — f(w;)) (1= f'(w;))

In a fully separating equilibrium, the central bank’s beliefs must satisfy Ecple[w] =
Ele|z]. Together with Ecple|w;] = Ele|z] which must hold for every union j this implies
that f(w,) is a linear function if n > 2. Therefore, we can set f(w;) = (1—-m)w;—q—w¢,
with m and ¢ parameters left to be determined. Inserting this expression into the
differential equation, which must hold for any w;, yields:

1 1
m =0, =7 CH_@

Thus, we have identified E¢ple[w] and shown that it is unique.? Using these results we

9For B = 0 another solution exists for m: m = naa?/(1+aa?). The resulting equilibrium, however,
is not stable, since all unions would be indifferent between the equilibrium wage and any other wage.
In addition, the central bank’s expectation about the shock would decrease when wages increase,
which does not seem plausible.
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obtain the proposed equilibrium values for p and w;.

Proof of Proposition 3 We first derive unions’ losses if the central bank observes
the information of unions directly. Recall from proposition 1 that the equilibrium
values of inflation and real wage are given by

pNR = ca
1
W BT = wE + Ele|a] + c—
o
where we have set ]
c:

T AL @ g

n+(n—1)aa?

Inserting these equations into union j’s loss function we obtain:
c
LYF = -2 (w,f + Ele|x] + @) + A(c+ o (Ele|lz] — 6))2 + Bc*a®

In order to compute union j’s losses if the central bank knows the mean wage only,
which corresponds to proposition 2, we can simply set ¢ := 1/A. We obtain

1 1 2 B
N _ c _ a2
Ly = 2<wr+E[e|x]+Aa2> +A<A+oz(E[e|x] 6)) +A2a

We compute the difference of losses:

AL; = LYVR- LY

_ _%(6_%> +A(<Cz_%) +2a<0_%) (E[dx]—e)) +Ba2(02_%)

_ 2(1 ~e) {é - A%BGQ(% +¢) — Aa (Bda] —e)]

The expected difference of losses hence amounts to

1 A+ Bad?

slanil) =25 -o) o= 5 ()]

For the direct observation of real variables by the central bank to be beneficial for
unions, this expression must be positive. Rearranging the resulting inequality, inserting
the definition of ¢, and using the fact that ¢ < 1/A yields the proposed condition.
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