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This paper adjusts the way expectations are set in Walsh (2000) in order to better assess
the impact of market rigidities and expectations on the optimal choices of inflation in a
monetary game between society and central bankers. Within the corrected framework,
optimal inflation is higher, suggesting that the time inconsistency phenomenon plays a
more important role in explaining inflationary biases than originally interpreted in
Walsh (2000). However, if society organizes itself towards shorter-tenure wage
contracts, inflation will be lower. Moreover, a central banker committed to announced
inflation targets will have here more opportunities to generate output growth above
equilibrium rates. Finally, the contractual structure of the economy proposed by Walsh
is shown to be generally unstable. Using a quadratic social welfare function indicates
that society is better off by choosing longer-tenure wage contracts, moving away from

shorter-tenure ones, at the cost of higher inflation.
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SETTING THE RIGHT EXPECTATIONS:

A NOTE ON CARL WALSH’S MARKET DISCIPLINE PAPER

ABSTRACT

This paper adjusts the way expectations are set in Walsh (2000) in order to better assess
the impact of market rigidities and expectations on the optimal choices of inflation in a
monetary game between society and central bankers. Within the corrected framework,
optimal inflation is higher, suggesting that the time inconsistency phenomenon plays a
more important role in explaining inflationary biases than originally interpreted in
Walsh (2000). However, if society organizes itself towards shorter-tenure wage
contracts, inflation will be lower. Moreover, a central banker committed to announced
inflation targets will have here more opportunities to generate output growth above
equilibrium rates. Finally, the contractual structure of the economy proposed by Walsh
is shown to be generally unstable. Using a quadratic social welfare function indicates
that society is better off by choosing longer-tenure wage contracts, moving away from

shorter-tenure ones, at the cost of higher inflation.



1. INTRODUCTION

In the recent past, much has been done in the economic literature to try to assess
the impact of market rigidities and the mix of backward- and forward-looking
expectations in optimal choices of inflation, as a means to better connect theoretical
models to economic reality. By analyzing the predictions of such models, economists
have been able to identify mechanisms that could lead to higher discipline of central
bankers.

After Kydland and Prescott (1977) and Calvo (1978) identified the time
inconsistency problem in economics, Taylor (1979) formalized the idea that output
growth can be affected by the dynamics inherent to nominal, rigid, and overlapping
wage contracts based on forward-looking expectations. The incentive for central
bankers to generate output growth through inflationary surprises was well depicted then.
Several studies that followed these seminal papers attempted to identify channels for
disciplining central bankers as a quest for price stability. Among those, special mention
should be made to the very important papers by Barro and Gordon (1983b) (reputation),
Rogoff (1985) (process of appointing the central banker), Walsh (1995a) (formal
contracts and inflation targets), and more recently Walsh (2000) (market structure and
uncertainties). In the latter, Walsh showed that: 1) by adding two period wage contracts
to the economic structure of the game, the nature of the equilibrium may be altered due
to the importance of the expectations to the output gap; 2) the standard prediction that a
central banker that is strong on inflation leads to recession when his type is private
information is not necessarily right.

In spite of the remarkable results achieved, Walsh’s paper’s construction of the
way expectations are set need revising. In his model, the negotiation of one-period
nominal wage contracts is based on information available at the period that precedes the
contract's tenure. Nonetheless, when contracts that hold for two periods are considered,
the expectations are set taking into consideration information that will only be available
at the end of the first period of the contract’s term.*

! One way to justify the calculations for the expected real wage for two-year contracts is to assume that at
the end of the first period of the contract's life the real wage will be indexed to the past inflation and that
at the end of the first period, the nominal wage for the second period can be renegotiated by using
information only realized in that very period. However, this is a rather strong assumption and no
explanations are given as to why nominal wages would be set in a different way depending on the wage
contract's tenure.



This paper aims to adjust the way expectations are set in Walsh's paper and to
test the accuracy of the original results. The assumptions implicit in the negotiation
process of one-period contracts are extended to the negotiation of two-year contracts.
The remaining assumptions are the ones used in Walsh (2002). The immediate
consequence of this adjustment in expectations is the derivation of different functions to
represent the output gap of the economy. In these new functions, inflation persistence
endogenously affects the output gap, in spite of the assumption that expectations are
rational and forward looking. This result is in line with the inheritance of rigidity from
past negotiations of wage contracts lasting more than one period. In addition, optimal
inflation choices are higher than those obtained in Walsh, suggesting that the time
inconsistency in the revised model is more powerful to explain the inflationary bias.
Another result that differs from Walsh's refers to output expansions by a conservative
central banker. In the adjusted model, it is not true that under a pooling equilibrium, a
central banker who is committed to his inflation announcements generates output
growth below trend levels in the second period of his term of office.

Possibly the most important result obtained from the revised model is the
prediction that a higher share of shorter-tenure contracts brings the optimal inflation
down. As a result, if society aims at low inflation, Walsh's 3-sector model is not
justifiable. However, in order to discuss society's optimum, one needs to define the
social welfare function. In the last section of this paper, two types of social utility
functions are introduced. Their values, according to the various possibilities of central
bankers' decisions and output gap results, suggest that, in the first case, the three-sector
model proposed by Walsh is stable under a game theoretic approach. Notwithstanding,
this result should be looked at carefully, as it is a very particular case where symmetry
plays an important role. In the second case, where inflationary surprises in any direction
lead to utility losses, society is likely to migrate to longer-tenure contracts. Therefore,
Walsh's basic assumptions on the way society is organized are unstable.

The paper is organized as follows. Section 2 presents the derivation of the macro
model after correcting the way expectations are set. Section 3 presents the optimal
choices of inflation and the predictions for the output gap under each type of
equilibrium. Section 4 tests the stability of the contractual premises under a game

theoretical approach. The last section concludes the paper.



2. THE MACROECONOMIC MODEL AFTER SETTING THE CORRECTED
EXPECTATIONS

The basic framework follows the one described by Walsh (2000). The economy is
divided in three sectors: A, B1 and B2. Sectors differ as to the length of their wage
contracts and the timing of their wage negotiation. Sector A negotiates wage contracts
that last for one period, whereas sectors B1 and B2 negotiate contracts that last for
two periods, staggering in the first period. The production function of each sector's

representative firm is a labor intensive Cobb-Douglas with decreasing returns of scale
of the type Y, :(Lit)aL, in which i=A, B1, or B2, and 0<a, <1. ? By maximizing

profits in each period t, the marginal productivity of the labor factor in each sector

will equal its marginal cost, and in logs, that yields:

i1
’7t_

i aL
e (W) )

in which 7 =logL;, p, =logP,, and w; =logW,, with P, and W,' representing the
price level and nominal wage at time t, respectively.®
In each sector, wage setters negotiate nominal wages so as to keep the expected

real wage unchanged throughout time. In turn, workers supply any amount of labor

demanded by firms. In sector A, contracts are negotiated for one period. At the end of

period t-1, wage setters negotiate the nominal wage W,* for period t, thus generating
expectations as to inflation in period t. The targeted real wage W™ in logs will thus
bew =w-E,_,p, 4 The output gap representative of sector A will then be given by:

a
Y = 1_LaL (% -E.7) 2)

2 Note that, as the production function of each firm shows decreasing returns of scale, or

ny, = n(Lit )aL > (nLit )aL =n% (L't )aL, the economy as a whole cannot be represented by a standard

aggregate production function. Later, the function representative of the economy will be an average of the
ones representative of each sector.
® Note that the price is invariant to the sector. In addition, as the technological factor is the same for the
three sectors, one needs to assume that the goods produced are also invariant to the sector where they are
produced. As a result, it is necessary to assume input immobility within the economy and that within each
sector only one type of contract can be negotiated. These assumptions are not explicit in Walsh (2000).
A

*FromW" = il . Detailed calculation for the output gap can be found in the appendix.

t-1"t




where 7z, is inflation in period t and E,_, 77, represents inflation expectations for period t

based on information available at the end of period t-1.The details of the output gap
derivation for sector A can be found in Appendix A, as they are essentially the same as
those shown in Walsh (2000).

There is no reason to assume that each sector will have a different rationale for
setting expectations. Adopting the same methodology used for sector A, wage setters in
sector B1 will negotiate their contracts, which will be effective at t and t+1, based on
the information available at the end of t-1, which is when they sign their contracts.
Wage setters in B2, in turn, utilize the information available at the end of t-2 to

negotiate their contracts (effective at t—1 and t). Therefore, the expected real wages in

B1 Bl
. W, . .
B1 will be —— attand —X—at t+1. But W,** =W,’}, as the nominal wage will be
t-1"t t-1" t+1

fixed during the lifetime of the contract. Accounting for the fact that the average
expected real wage at the time of the negotiation will be given by the geometric average
of the expected real wages in each period, discounted intertemporally, the real expected
W B1 W B1
t X[ t
Et—lpt Et—lpt+1

P
wage in sector Bl will equal W*= J , in which p is the

intertemporal discount factor, with 0 < p <1. Assuming that W* =1, since wage setters'

goal is to keep the real purchasing power constant over the lifetime of the contract, in

logs that will yield:

WtBl - Et—l P, + lo(WtBl - Et—l pt+1) =0 (3)
Equation (3) differs substantially from the one obtained in Walsh (2000):
w - p, + p(wtBl -E, pm) =0. Walsh's result implies that in the end of the first period

of the contract, wages will be indexed to contemporaneous inflation. In addition, in spite
of negotiating their contracts at the end of period t—1, wage setters will have a chance to
update their expectations for period t+1 based on the information on inflation at period
t. In fact, it is as if they were able to renegotiate their nominal contracts for the second
period halfway through the contract's life, which would turn them almost into a one-
period contract (as the ones in sector A). The results of the model using that simple

equation are thus seriously jeopardized.



From (3), the actual real wage in sector B1 will be given by®:

0

SR T S BT @)

W,

Replacing (4) into the Cobb-Douglas production function representative of

sector B1 yields the (log) level of the output in sector B1.:

a a a
IOthBl =af) =a;——+— (ﬂt - Et—l77t)_ - £

P E n.
1-a, 1-a, l1-a, 1+p ™ ©)

Equilibrium output level \ZBl is defined as that in which there are no price
surprises or shocks in the economy. When there are no price surprises, 71, = E,_ 71, .

Assuming that in equilibrium inflation is constant and equal to A, and more particularly
~ a . . :

A=0, then logY,* = al—L. This assumption is also necessary to obtain the results

in Walsh (2000), although it is not explicitly stated. It is consistent, though, with the

standard assumption that unanticipated inflation does not affect equilibrium output. As a

result, output gap in sector B1 at t will be given by:

a
e {(ﬂt -E.m) -ﬁ Et_ﬂm} (6)

which is significantly different from the equation found in Walsh (2000):

BL — _ a PE Tty
' 1-a \ 1+p )

By applying the way expectations are set in sector B1 to sector B2, the real

. . . W27 W 2?2
expected wages in sector B2 at t-1 and t will be given by and :
Et—2 Pt—l Et—ZPt

respectively. This means that upon negotiation of contracts that will be effective at t-1

% See appendix A for a derivation of this equation.



and t, wage setters have not yet observed the actual inflation in those periods. As a
result, the only information that is available to them is inflation at time t—2. Assuming
that wage contracts are negotiated so as to maintain the expected real purchasing power
constant during the lifetime of the contract, the average discounted real wage will be

) . W B2 W B2
given by W #% = —*1 X[ oL

P
J =1. Rearranging terms yields, in logs:

Et—Z F)t—l Et—ZF)t
wB? = EioPia + PE P )
-1 14 p

The actual real wage in sector B2 at period t will thus be®:

- 1%
WtB—i P = (Et—Zn-t—l - n-t—l) Tt 1+— E..7, (8)

First-order conditions in logs for the optimization problem of sector B2 result in
a, +(a, —1)72* =wP - p,”. Plugging in into (8) yields the employment level at sector

B2 at period t:

1 1 o
" l-a 1+p

E..7, (9)

Plugging in (9) into sector B2's Cobb-Douglas production function

(logY,®> =a, n ) yields the actual output level (in logs) in sector B2 at time t:

a T — a P

a a
|0§]YtBz —a——+ = (77t—l - Et—277t—1)+ ‘ 1_aL 1+p

1-a, 1l-a 1-a,

E..7 (10)

When there are no price surprises, 75,_, = E,_,71_,. Assuming that in equilibrium

inflation is constant and equal to A, and more particularly A =0, the equilibrium output

® See Appendix A for a detailed derivation.
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in logs will then be given by Iog\?tBz = a%. Thus, the output gap in sector B2 at
T

time t will be given by:

_a P
th2 - 1_;L |:(7Tt—l - Et—zﬂt—l) +TL _m Et—277t:| (11)

Note that equation (11) differs significantly from the one obtained in Walsh

2000): v?2 =2 (7 - P E ol
(2000): y; 1_aL(t1+p

In the presence of decreasing returns of scale, the economy cannot be
represented by a standard aggregate production function. In order to overcome this
problem, Walsh (2000) defines the output gap representative of the economy as the

geometric average of the output gaps of three sectors. The weights attributed to sectors
A, Bl and B2 are y, 1_Ty and 1_7 respectively. Walsh interprets y as the "fraction

(...) of all firms and workers (that) set wages for one period at the start of each period”
and 1-y as the fraction of "all firms and workers (that) set nominal wages for two
periods”. However, this definition is inconsistent with the fact that employment is
endogenous to the model, and thus the fraction of workers negotiating these contracts
will be changing throughout time. In order to avoid this inconsistency, y should
represent here the fraction of sector A firms in the total number of firms in the
economy. For that purpose, it is also necessary to assume that there are no entries or
exits of firms within the sectors throughout time.

With n; representing the number of firms in sector i, i=A, B1, or B2, the output

gap in the economy at t will then be given by:

1

Yt _Yt |:| YtA _Y-:A Na ) Y[Bl _Y'*‘[Bl N1 § YtBZ —YtBZ MB2 |np+ng +ng,
Y v v v
t t t !

y
A_vAa) Bl _\BL\ 2 B2 _vB2\ 2
B[R AN N A A R b A )
Y, Y, Y,

in logs, equation (12) becomes:




1- 1-
Yi O yytA + (Tyj thl + (Tyj th2 (13)

Plugging in (2), (6) and (11) into (13) yields the output gap of the economy at

time t:
- l1-y 1+y 1-y _
Y, a{m + =l B ) == B~ == PE T -Et_zﬂt)} (14)
where E:a—L and ,B:L. This equation is significantly different from that
1-a, 1+p

obtained in Walsh, mainly due to the persistence of inflation (if not perfectly
anticipated) affecting the output gap at time t. This result is consistent with the
inheritance of rigidity from past wage negotiations.

Similarly to the equation for the output gap at t, output gap at period t+1 will be
given by:

~ 1-y_
yt+1=a{ﬂt+1+ m~E )~ > Hﬂ—Typ(Emz—Et_lmﬂ)} (15)

Note that distinctly from Walsh, the parameter &, which impacts
multiplicatively the output deviation from its equilibrium level in both periods, does not

depend on the share of sector A, y, in the total number of firms.

3. DERIVING NEW EQULIBRIUM RESULTS

The strategic interaction between society and the central banker is the same as in
Walsh (2000). A summary of how the game evolves and a thorough derivation of the
equilibria are provided in Appendix B. A comparative chart of the inflation and output
results derived under Walsh's model and under the one in which expectations are set
correctly is shown in Tables 1 to 3 below®.

The appendix describes the game in detail. Its general features are the following.
Every other period a new central banker is appointed and announces inflation targets for
the two periods (t and t+1) of his tenure. The central banker has total control over
inflation and could be of two different types; the conservative S-type central banker

® The focus of the adjusted model is on the separating and pooling equilibria. Walsh (2000) also derives
the results under the mixed equilibrium.



always delivers on its announced inflation targets whereas the W-type is opportunistic
and may not implement its announced target. The central banker’s type is his private
information and society only knows the ex-ante probability q that the central banker is
of type S. After the announcement of the inflation policy, society forms expectations on
the central banker’s type and all one-period and half of the two-period wage contracts
are negotiated. Next, the central banker chooses and implements the first period
inflation rate, society updates its beliefs about the central banker’s type and negotiates
the new one-period and the other half of the (staggered) two-period contracts. At the
beginning of the second period a new central banker is appointed and the game repeats
itself. The extensive form of the two-period interaction just described can be found in
the appendix.

The superscript a which appears in the tables below stands for "announced". The
signs of inflation outcomes do not vary from one model to the other, except for the
inflation announced for period t+1 in the separating equilibrium. By correcting the
expectations setting, optimal inflation announced and fulfilled by a conservative central
banker in the second period of a separating equilibrium will usually be positive (it will
be null only if all contracts in the economy last for one period, which is not the case
analyzed in Walsh). This result seems to be more intuitive than that found in Walsh
(2000) as, after society observes the type of the central banker, revealed at the end of the
first period, only those renewing their contracts will be able to lower their expectations.
In the adjusted model, two-period contracts signed at the beginning of the first period
cannot be renegotiated in the middle of their lifetime. Thus, the best that wage setters
can do is to attribute some probability of the central banker being of one type or another
at period t+1. Therefore, inflation under an opportunistic central banker will still exert
pressure on expectations, and if the central banker chooses too low an inflation, his

choice may lead to unnecessary recession in the economy.

10



Table 1

Results of the Models: Analyzing the Sign of Inflation Outcomes

Equilibrium Walsh (2000) Revised expectations setting
il = >0 il = >0
amv:/-]. > 0 amvll-l
ay ay
a —
== T >0 ' = (1+(1Tyjpjﬂ¥¥1 > 71,
W W
£ o, >0 o, <0
g oy oy
E 1= )
R e =
g
&
s a7Tta<0ifq<}/ O
2 oy 2 oy

>0ifq>%

=0 1
+1 = —_ —_
t = e M=o taa >0
(if y=1then 7;,, =0)
ar[taﬂ - 0 an—til < 0
oy oy

Pooling Equilibrium

m o= k% < 1" (separating)

<)

(if y =1 then 717 =0)

a”ta <0 anf <0
ay ay
a 1
T, :(1‘Q)E<”¥X1 T, :m(l‘q+0(1‘}q))77t\’¥1>0
677-51-1 > 0 amaﬂ < O
ay ay
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This rationale also applies to the pooling equilibrium. The conservative central
banker will usually have to inflate at a positive rate in both periods, bearing the burden
of the uncertainty as to his type. Notwithstanding, optimal inflation announced for the
two periods will be lower than the optimal discretionary rates.

In addition, distinctly from Walsh, discretionary inflation in the separating
equilibrium varies depending on the time period. This seems to be more intuitive, as
actual unanticipated inflation at time t affects the output gap not only at time t, but also
at t+1. Therefore, there is additional incentive to raise inflation at t.

If the common sense that society benefits from low inflation applies, the ideal

composition of contracts under the adjusted model is that in which y =1, as for any

time period and any equilibrium or type of central banker, the sensitivity of inflation to

shorter tenure contracts is decreasing. In Walsh (2000), the direction of y's influence in

inflation varies according to time periods, equilibriums and types of central banker,
which does not allow for a conclusion of which contractual composition is the best.
However, it is not straightforward to conclude that the 3-sector model is unstable under
the adjusted expectations setting, as the social utility function has not been defined. In
the following section, two alternative functions will be described to allow for testing the

hypothesis that lower y increases social welfare.

Table 2 shows the comparison of the value of optimal choices under Walsh’s
model and the one in which expectations are set correctly. In the model with corrected
expectations setting, all inflation results are higher than those obtained in Walsh when
there are different tenures of wage contracts in the economy. Therefore, time
inconsistency is more powerful to explain the inflationary bias that arises with the
presence of more than one-period rigidities in the economy. In other words, Walsh
(2000)'s results underestimate the role time inconsistency plays in generating high

inflation.

12



Table 2
Compared Results
a = results obtained in Walsh (2000)

b = results obtained with the adjusted informational structure

Equilibrium a-b Ifyz1 |If y=1
" (separating) _a [(-y)a+p) <0 =

2 ﬁ(l_aL)

' | 1oy <0 =0
2| pl-a,)

717 (separating) _a_L{(l—y),o2 +(2-q)o+ (1—q)}(1_y) <0 =0
2 (1+10):B(1_aL)

71, (separating) _a_{l—q+p(1+ q)}(l—y) <0 =0
2 (1+p)ﬁ(1_aL)

71; (pooling) _a_L[ (L-y)p } <0 =0

2 (1+10)ﬁ(1_aL)

11, (pooling) _a_{l—q+p(1+q) }(1—y) <0 =0

2 (1+p)ﬁ(1_aL)

Table 3 shows the signs of the output gap under the model with corrected
expectations setting. The algebraic expressions are derived in Appendix C. The signs
were obtained through analysis of an n-grid formed by possible discrete values of the
variables, utilizing the Matlab software. The most striking difference from Walsh's
results lies on the fact that a conservative central banker under a pooling equilibrium
will achieve a positive output gap in the second period of his term, whereas in Walsh
the output will be below trend levels.

13



Table 3
Output Gap under Corrected Expectations Setting

Equilibrium | Type of Central Banker Time Sign of Output Gap
S t >0, if y <05
=0, if y=1landq=0o0orl
e non-defined if y >0.5
'g W t >0,if g#z0andy £1
% S t+1 >0, if y<0.1andq=0.9
E’ =0,if y=1
g non-defined otherwise
& W t+1 >0, if y = 0.4
=0,if y=1
non-defined otherwise
£ Satt-1 t >0,if y<0.3andy #1
S W at t-1 t >0, if
E’y qg>050ry<05andy #1
2 S t+1 >0
E W t+1 >0, if q#0and y #1

4. TESTING STABILITY IN THE THREE-SECTOR MODEL

Should the share of firms negotiating shorter tenure wage contracts increase,
optimal inflation choices under corrected expectations setting are lower.
Notwithstanding, the socially optimal level of inflation depends on the assumptions for
the social utility function. In this section, two alternative welfare functions are derived
according to the premises of the original model in order to test the stability of the three-

sector breakdown under a game theoretical approach.

4.1. Maximizing the Purchasing Power of Wages
As the explicit goal of wage setters in Walsh (2000) is to maintain (or even

increase) the purchasing power of wages, the first social utility function considered will

14



be that in which price surprises that reduce real wages generate welfare loss and, on the
other hand, lower than expected inflation causes social welfare to rise through increases
in the wages' purchasing power. Intertemporal social utility functions in each sector i at

periods t and t+1 will be described by equation (16):
Usoc' =[E 71, - 77, + p(E 77, ~ 77 )] (16)

In expected terms, the social utility in each sector will be a function of the
probabilities assigned to each type of central banker, the superscripts S and W standing

for the outcome of the games under each type of central banker:
Elusoc’|= {qUSoci (S) +(1-q)uSoc! (\N)} 17)
In the separating equilibrium, replacing the variables in (17) by the

corresponding game results according to each type of central banker and sector yields:

Type S central banker:

USoc(S) =USoc® (S) = | - q)(® - ) (18)

Usoc® (8) =[alt-a)" - 72 )+ plt- Q) - 2, )| (19)

Type W central banker:

USocA(\N):USocBZ(W):q[ma—mWJ (20)

Usoc® W) =q|m -7 + plrs, - 7, )| (21)

Therefore, plugging in equations (18) to (21) into (17) yields the expected utility

in each sector under the separating equilibrium:
E|USoc” (Separating )| = E|[USoc® (Separating )| = E|[USoc®? (Separating )| =0  (22)

Similarly, in the pooling equilibrium the expected utility function in each sector

will be given by:
E|usoc* (Pooling )| = E|usoc® (Pooling )| = E[USoc®? (Pooling )| = 0 (23)

It is straightforward from expressions (22) and (23) that the social welfare is the

same under both types of equilibrium. As the conditions for one equilibrium to occur in

15



detriment of the other depend directly on the weight of each sector in the economy

( yl_Tyl_Tyj one concludes that the three-sector economic framework proposed by

Walsh (2000) (after expectations are set correctly) is stable under a game theoretic
approach, since there are no incentives for a sector to change its type of contracts to
favor one equilibrium or another. However, it is not clear whether these results would
be achieved if there was no symmetry in the weights attributed to sectors B1 and B2, or
if society's utility was represented by a different type of function.

4.2. Minimizing Inflationary Surprises

Despite the fact that wage setters explicitly aim to maintain (or increase) the
purchasing power of wages throughout time in Walsh (2000)'s model, this section
introduces an alternative welfare function to account for the fact that rises in the
purchasing power of wages lead to a reduction in employment levels, which are
determined ex-post through the solution of the optimization problems of the firms.
Therefore, surprises in any direction cause welfare loss. Similarly to the previous
section, this section derives the expected utility in each sector according to the type of
equilibrium and central banker, and tests the stability of the three-sector model under a
game theoretic approach.

The intertemporal utility loss function in each sector at t and t+1 is described by

equation (24), which is non-linear in the inflationary surprise:
LSoc' = I_(Et—17Tt - 7Tt)2 + p(Etﬂm - ]Tt+1)2J (24)

The expected loss in each sector will be a function of the probabilities assigned
to each type of central banker, as in equation (17), reproduced below:
E[LSoc’|={gLsoc! () + (1 - q)LSoc' (W } (17)

Tedious calculations yield the expected loss in each sector in the separating

equilibrium:®

2
E[LSocA(Separating)] = E[LSoch(Separating)] = %a2q3(l—q)(1+ y+52(1—y)) >0

% These calculations are available upon request.
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[p*(a?y? - 20°y + %) |
+p*(- 60y +1+ 0%y + 2y +5¢7 = 2q + 2q)° + )
E[LSocBl(Separating )] = 12 a’q (1—q)2 + p2(4y—4q2y2 +40° +49°y +2 +2y2) >0

) +ply? + oy —2ay” +507 +2q +2q7y +1+2y)
+20°y +qQ°y* +9°

Therefore, for q#0,1,

OE|LSoc* (Separating)| 9E|LSoc®? (Separating))| 9E|LSoc® (Separating)| -0
oy ’ oy ’ oy '

Thus, a higher presence of shorter tenure contracts increases the social loss in all

sectors should an inflationary surprise occur, except when there is certainty on the type

aE[LSoci (Separating)] 0
oy '

The corresponding welfare functions for the pooling equilibrium are:

of central banker, in which case

[at-y)+ plL-a+yl+a))+1+4] _
L+ o)

E[LSoc *&2(pooling )] = #aqu(l -q)

ELsoc® (Pooling)| = 4;2 a’q (1(1+_§))2 (@-ay+1+p+y-py+ py+ pay)

Therefore, for q#0,1,

9E|LSoc* (Pooling )| 9E|LSoc® (Agregador)| 9E|LSoc® (pooling)| S
oy | oy | oy

Hence, a higher presence of shorter-tenure contracts in the economy also reduces

0

social welfare in the pooling equilibrium, unless there is certainty of the type of central

9E|LSoc' (Pooling)| 0
ay '

The preferred equilibrium for each sector will be the one in which social loss is

banker, in which case

lower. The comparisons are in Table 4.
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Table 4
Preferred Equilibrium

Sector E|LSoc' (Separating )| - E[LSoc' (Pooling )|

A B2 o’y +a* ~29%y) ]
. +p*(-1-2qy? —q?y? +30% +2q - 297y -y - 2y)
maZQ(l-Q) +p?(-2-2y? — 4y +8¢% - 49%)
+p(-1-2q-y? —q2y? -2y +60%y +3q° +20q)°)
+9°+q°y* +29%y

Bl 1

7 a’q*(L-q)L+y+plt-y)) >0if g#lor q#0.

For different combinations of the variables, different signs are found for the
utility loss difference between equilibriums. However, proceeding with the numerical
analysis of the expression by considering an n-grid of discrete possible values of the

variables  involved and utilizing Matlab, for any wvalue of v,
E|LSoc*? (Separating )| - E|LSoc *#? (Pooling )| < 0 whenever q < 0.40. This implies
that whenever the probability attributed to an opportunistic central banker is high, the
separating equilibrium is preferred for sectors A and B2. For the cases where g =1or
g =0, which are the standard cases in the literature, sectors A and B2 will be

indifferent between the two equilibriums. For g >0,40, both positive and negative

results are achieved for E|LSoc*®?(Separating )|~ E|LSoc*®? (Pooling )|. On the other

hand, the pooling equilibrium is usually sector B1's first choice.
From the analysis of each of the three sectors, it is not straightforward to assure
which equilibrium is socially preferred. However, for every sector, a higher share of

firms negotiating one-period contracts reduces social welfare. As a result, the initial

condition that the share of each sector in the economy is represented by y,l_Ty,l_—y is

not stable under a game theoretical concept. This means that if society organizes itself
towards two-period wage contracts, welfare will increase. From the sole viewpoint of
inflation, as mentioned in the previous section, a higher share of firms negotiating one-
period contracts has the potential to lower optimal inflation under any type of central
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banker. That implies that a utility function that incorporates the costs of inflation per se
might generate different results.

5. CONCLUSION

Inflation expectations and price rigidities play a key role in central bankers'
decisions, albeit acting in opposite directions. Whilst price rigidities create conditions
for an opportunistic central banker to boost output growth above equilibrium levels,
private agents attempt to anticipate these movements by updating their expectations.
The standard result of such an interaction is high inflation with no output growth above
trend levels. However, central bankers are not always opportunistic, and their types are
not easily grasped ex-ante. The game that is then analyzed in this paper accounts for
different types of central bankers, not known ex-ante, and different sets of price
rigidities, a la Walsh. The way expectations are set in Walsh (2000), however, proved to
hold severe problems. By correcting the setting of expectations in longer-tenure wage
contracts and thus making it compatible with shorter-tenure contracts, the immediate
result is a different function to represent the aggregate supply of the economy, and thus
all the subsequent results from the strategic interaction between the central banker and
society. In the aggregate supply function, inflation persistence (if not anticipated)
affects the output gap. This result is in line with the inheritance of rigidities from past
negotiations of longer-tenure contracts.

An important similarity of the results achieved after revising the expectations
setting compared to those in Walsh (2000) refers to the prediction that, in a separating
equilibrium, even a central banker who is highly committed to his announcements can
generate output expansions above trend levels in the first period of his term of office.
The amount of output growth, however, differs from one model to the other.

In spite of this first similarity, in Walsh (2000) that type of central banker is
expected to drive output growth to levels below the trend in the second period of a
pooling equilibrium, whereas under the revised expectations setting, the conservative
central banker may generate output growth above trend levels. This result is particularly

important, not only to a theoretical viewpoint, but to prove that by observing output
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expansions above trend levels one can not conclude that the central banker was lenient
with inflation.

The equations that describe the optimal choices of each of the central bankers
under the adjusted expectations setting exhibited a higher degree of complexity,
especially the one that defines the requirements for an opportunistic central banker not
to deviate from the game equilibrium under analysis. In spite of this complexity,
multidimensional n-grid analysis in the Matlab derived the signs of inflation and output
gaps.

Optimal inflation is higher under the adjusted model, which implies that the
power of time inconsistency was underestimated in Walsh's model. Although different
wage contracts' tenures add realism to the model, under the corrected expectations
setting, a higher share of firms negotiating shorter tenure contracts will usually lower
optimal inflation. Thus, if society is better off with lower inflation rates, longer-tenure
contracts are not justifiable.

The inflation vs. output growth trade-off for society is not directly apparent in
the game. A social utility function should be introduced, care being taken to preserve
the importance attributed to the process of wage negotiation in the original model. The
first social utility function that is analyzed in the present paper accounts for the fact that
inflationary surprises that reduce the real purchasing power of wages cause utility
losses, and those that raise the real purchasing power increase social welfare. Under this
assumption, no economic sectors have incentives to change wage contracts' tenures,
which characterizes stability under a game theory concept. Notwithstanding, this result
should be accepted with care, as it directly relies on the perfect symmetry that was
assumed for the share of firms negotiating longer-tenure contracts. The robustness of

this result might be tested if the weight 1_Ty assigned both to sectors B1 and B2 is

endogenized to 8, (1- ) and (L-8, JL-y), respectively, where j stands for time.

Under an alternative social utility function, the stability of the adjusted model is
tested for the case in which inflationary surprises in any direction cause welfare losses.
In this case, for each one of the three economic sectors, a higher share of firms
negotiating shorter-tenure contracts reduces social welfare. This result suggests that the
original composition of different tenure wage contracts in the economy is not stable

under a game theoretical approach, as the economy will bend towards longer-tenure
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contracts. Interestingly, society will accept higher inflation at the benefit of no surprises.
In this case, stability and easy prediction of the future are more important assets in this
economy. However, this utility function does not account for the costs of inflation per
se upon society. In the real world, high inflation has proved to bear serious distortionary
effects upon income distribution. In that sense, a possible extension of this paper would
be to analyse the stability of the model under a social welfare function in which these
costs are incorporated. Additionally, the possibility of reassignment of the incumbent
after the end of his first term of office or uncertainty as to the actual lag of monetary

policy may bring distinct and interesting predictions.
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Appendix A. Derivation of equation (4) and (8)

_ EaPe+ PB4 P b, = EccaPe = Do+ P(Ers Proa = ) but as
1+p ! 1+p

Note that w* — p,

EcPe = Pe = Ecy Py = Prs = (P = Pes) OE 7% - 73, and
EiaPrs1 = Pt = B Praa —Era P + Eia Py = P — (pt - pt—l) OE(47h4 + Ey7 — 711, it follows that

Wl p = B/t PE T +Eart — 1) _ (L+ p)Earm — 1)+ p(EiaTh) _
‘ ! 1+p 1+p

_ Yo, L .
=E, 1 —m +———E,_ ., which is equation (4).
1170 t 1+ p t-17ln q (4)

Et-aPia + PEoP — P~ PP _ EipPg — P + PEsp -~ py)
1+p 1+p

Nota that w2? - p, =

but as Et—2 Pia =P = Et—2 Pia = P — (pt - pt—l) = Et—2 P =P _( Pia ~ pt—Z)_ (pt - pt—l)
=B,y T

Et—2 P =P = Et—2 p: — Et—2 Py * Et—2 P = Pz ¥ Piz = Pray + P — Py

=k._m+E_ M, -1~ =k 1 -TrE T, 1T,

and

the actual real wage can be expressed as

(Et—2nt—l - nt—l) Lt p[(Et—Znt—l - nt—l) + (Et—2nt L )]
1+p

(l+ p)(Et—2n;—1 — 77;—1) _ (1+ p)ﬂ{ +PE 7T - (E

1+p t_277;_1—77;_1)—77;+m

B2 _
Wi = P =

Appendix B. The output gap in Sector A

In sector A, contracts are negotiated to last one period. At the end of period t-1, wage setters

negotiate the nominal wage WtA for period t, thus forming expectations as to inflation in period t. The

targeted real wage W “in logs will thus bew” = WtA -E,_, p,.”° By normalizing w" =0, the actual real

wage in period t, in logs, will be given by W[A - p, = E py — b . Therefore, the employment level in

A'in logs will be:

1
’hA =

_E_ +
1_aL(pt t-1Pt) 1-a,

where a = loga, *%. Replacing the equation for 7 in logY,* =a 7 yields:

w,A

YEomwW” = .
EixR

% with W =1, the nominal wage negotiated in logs will be w? = E,_, p, .
12 Equation (2) differs from the equation describing /7tA presented in Walsh (2000) exactly by the amount

. Nonetheless, this term will be eliminated when the output gap for sector A is derived.
aL
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|09YtA = (1a—LJ(pt —Eap t+ a) = 5( Pt —Eiap + a)

where Ioth is the log of the output level in sector A at time t. The equilibrium output level (\7() will be

that in which there are no price surprises, or E;_; p; = p; , neither supply shocks:

i a
logyY, A =L - +a =
gY: 1-a, (b, — p,) 1-a, 1-a,

By applying Taylor's expansion for the log function and defining the output gap of each sector as

Y, = YtV_Y‘ OlogY, - Iog\7t , the output gap in sector A will be given by:
t
a a
YtA = 1_;L (pt - El—lpl)= l_;L [p[ ~ Pt _(Et—lpt - pt—l)]

In addition, noting that:

P-Pa —

7T, and Et_l(Pt - pt—l) =E.p - P U

E_P - P. P -P._
logR ~logR, = p, =Py O = ”=Et{‘ =

P, P
t-1 t-1 t-1
yields the output gap for sector A below, which is the same as the one obtained in Walsh (2000).

:| =E.m

YtA =& (7Tt - Et—lﬂt)

Appendix C. The Game

The new central banker takes office at period t and remains in office until t+1. After this period,
another central banker is chosen. At each period, wage setters that are renegotiating their contracts will
observe the current stance of monetary policy and will update their expectations accordingly.

Central banker's utility function is the same for both types and is given by:*®

Ui =|:yt _%ﬂntzi|+p|:yt+l _%ﬂntzﬂjl

where y;is the output gap at j=t, t+1, 77;is the actual inflation at j=t, t+1, Bis the relative weight

attributed to inflation at t e t+1, and p is the intertemporal discount factor (0 < p <1).

13 In spite of the utility function and the relative weights attributed to inflation and output gap being the
same for both central bankers, to justify why S fulfills the announced target and W does not, Walsh
(2000), on a footnote, proposes that the actual utility function will be given by:

U' =ly, - ]+ Ay - | ~6]m ] - p6] i~ 2] ? inwhich 6" =0and 6° - oo,
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Figure 1: The game
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Inflation is a direct variable of choice for the central banker. The game begins with nature
choosing the central banker. After being chosen, the central banker announces its inflation target for t and
t+1. Cukierman e Liviatan (1991) show that it is strategically optimal for the opportunistic central banker
(W) to signal to be of the other type at the beginning for the game, by announcing the same inflation
trajectory of a type S central banker. After the announcement, society (Soc) will negotiate the expiring
contracts using its most updated expectations regarding the actual inflation trajectory. In this game,
society (Soc) is represented by wage setters in the three sectors. The central banker then chooses inflation

for period t (77 ), which may or may not reveal its type, according to the equilibrium considered. Output

and employment then realize. After observing the actual inflation, the wage setters that have contracts

expiring at the end of period t will update their expectations ( E;7z.,,). The central banker then chooses

inflation for period t+1 ( 77,,, ). Output and employment at t+1 then realize.
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Figure 1 shows the game in its extensive form. Dotted lines connecting knots 4 to 5 and 7 to 8
depict information sets, where society cannot distinguish the type of central banker. Dotted semicircles
represent infinite possibilities of choice, and only one choice is presented, for didatic purposes. As the
conservative central banker always fulfills its announcement, he makes no strategic decisions after the
announcement. The original paper presents 3 equilibrium possibilities (pooling, separating, and mixed
strategies). The focus of this paper is on the first two. Nonetheless, the occurrence of one or another will
be a function of the model's variables. As the game repeats itself at t+2, t+4, etc., the stationary
equilibrium is what is sought, i.e., the game solution at t and t+1. Society's utility is represented by
USoc(W) ou USoc(S), in spite of not being modeled in the original paper.

C.1. Separating Equilibrium

In the separating equilibrium, the opportunistic central banker (W) reveals its type at the end of
period t. To make his choice, he takes agents' expectations as given to maximize his utility. As a result, by

backward induction, at t+1, type W central banker’s problem will be to:

1
max|:yt+1 _Eﬁntzﬂjl

+1

] 1% 1+y 1-y _
St Yo = a{ﬂm + 2% —Beam) == B Tt == PE R -El_lﬂm)}
As all expectations are given, as well as inflation at t, the first order condition will yield:

ny=—=m">0

x| ol

d
Note that, distinctly from Walsh (2000), aaL = 0. That means that the market structure will not
y

affect discretionary inflation at time t+1. As a result, at t+1, what impacts central banker's decision is
solely the linear gain obtained from the increase in inflation impacting the output gap vis-a-vis the

(square) cost of an increase in inflation. In Walsh (2000), due to the way expectations are set, y is part of
the parameter that changes the size of the vector of the output gap (a) and therefore positively affects
maximum discretionary inflation.

In a separating equilibrium, the opportunistic central banker will choose an inflation rate higher

than zero in the second period, in spite of knowing that this inflation rate will be anticipated by those

sectors that are renegotiating their contracts at the beginning of time t+1. This is the typical argument of

these models: subgame perfection makes W choose 77% in the second period. As a result, only those who

sign contracts for 2 periods at the beginning of t (sector B1) will be surprised. By backward induction, at

t, the type W central banker will seek to maximize its intertemporal utility, once his choice of 77, will

interfere in this utility at time t+1 through Y,,,. Thus, his problem will be:
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( max{y[ —%ﬁﬂf} + p{ym —%ﬁﬂﬁl}

s

. 1-y l+y 1-y_
< Yia = a|:7Tt+1 + (”t _Et—lnt)_TEtntﬂ _TP(Etﬂuz _Et—ln-t+1)jl
s.t.
. 1-y l+y 1-y_
Y = f{ﬂt + 2 (7Tt—1 “Ei nt—l)__Et—lnt _Tp(Et—lnt+1 _Et—Zn-t)il

As all expectations and inflation at time t+1 are given, the first order condition will yield:
w la 1-y d d
S =———\-2-p+yp)=|1+|—=|p|T >
t > ,6'( P VP) 5 P

Note that, distinctly from Walsh (2000), mW * 7TtVX1 in the separating equilibrium. This result

makes sense as the actual unanticipated inflation at t affects the output gap not only at time t, but also at
t+1. Therefore, there is an additional incentive to raise inflation at t, which was not observed by Walsh

(2000) due to the inadequate setting of expectations.

Another result that differs from Walsh (2000) regards the effect of y upon 7TtWI

W
aai: —grrd <0 (In Walsh, O?N >0). This result suggests that an increase in the share of
y y

firms negotiating contracts for one period reduces optimal discretionary inflation at time t. A high y

implies that few people will be surprised in the second period, which reduces the incentive described in
the previous paragraph. W's choice aims at surprising and he will surprise everyone in the first period, as

no one knows for sure who he really is and equilibrium is separating. Therefore, y does not matter from

the viewpoint of surprising society in the first period but it does matter for the degree of surprise
achievable in the second period. The effect of the inflation surprise will be higher the more people are

stuck in two period contracts signed at the beginning of t.

The conservative central banker (S) will take into account the influence of his announcement on
the expectations, and thus, will choose the trajectory to be announced by maximizing its intertemporal

utility function. His problem will then be:

( 1 1
maX{Yt __:37712} + p[)’m __ﬁﬂizﬂ}
7% 7Ty 2 2
s.t.
< _ 1- 1+ 1-y _
Yiag = a|:7Tt+l "’Ty(ﬂt “Eiam )_TyEt Ty _Typ(EtﬂHZ _Et—lﬂt+l):|
I - 1+ 1-y _
Yi = a|:7Tt +Ty(77t—1 ~Ei 7Tt—1)__yEt—17Tt _Typ(Et—lﬂtﬂ €7

— a _ a _ a _ a W — a W
\ 7 =7 and g =y, By =, B =t + (-a)m! B =gy +(L-a)nl
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The corresponding first order condition for nf‘ yields:

- {“ p(l-q)(l-y)-q(lw)}ﬂd -0
' 2

Note that 72 < 77" , and

a
% _

3y -%[q +plL-q)7? <o

The above result is related to the effect of inflation at t on the output gap in the second period. In

the first period, all agents will be surprised unless q =1. But in the second period only those who signed

contracts for 2 periods (t andt+1) will be surprised. The higher the share of firms with one period
contracts, the less the central banker of type S will have to worry about the recessive effect of low

inflation in the separating equilibrium, being thus able to reduce inflation at time t. In addition,

an

- -%[1+y+(1-y)p]ﬂ“ <0

The previous result reveals that a higher probability of a type S central banker (higher q), allows

S to reduce the optimal level of inflation announced. The first order condition for 7z, yields:

:(Zli—p;j(l—y)(l—qm(uq))nd ~0,if y21

=0,if y=1
which means that, in the general case (y #1), inflation will be positive at t+1 even under a conservative

central banker, contrary to the result obtained in Walsh (2000) where 773, = 0. Positive inflation at t+1

makes sense as there is rigidity at t+1 inherited from the decisions taken at the end of t-1 (or beginning of
t), which is when sector B1's contracts are signed. At t—1 the agents have not yet observed the type of the
central banker and thus negotiate their wage contracts with a positive inflation expectation for t+1.

Therefore, S will implement some inflation at t+1 to accommodate the disadjusments in that sector’s

H a W
expectations. However, Thoq <TTyq, Dq, oV, and

07ty
oy

i [ 2(1i p)J[q(l_ Pt ol <o

which means that with a high ), there will be contracts being renegotiated after the actual inflation at

time t is observed, and therefore, there will be no need for higher inflation to inhibit its recessive effect. In

addition,
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an:[a+1 — 1 _1_ _ d ;
_aq _(WJ[V 1 ,o(y 1)]7T <0,if yz1

=0,if y=1
which means that, once agents attribute a higher probability of the central banker being of type S, the

. . . . . L o,
optimal inflation for S at t+1 does not need to be so high. The rationale is similar to a—”l Note that
y

y =1 vyields the classical result with a one-period model: if the central banker can commit to the

announcement, then inflation is null.

Output gap for each type of incumbent will be a function of the optimal choices of inflation in
the periods previous and following the current mandate, once expectations transcend central banker’s
mandate. Under the assumption that the equilibrium is stationary, the separating equilibrium will repeat in
the future as it has repeated in the past. For the pooling equilibrium, the same assumption applies. The

output gap at t in a separating equilibrium will then be:

‘3 1- 1 1+y). |
%(Z—q—qy+p—pq—py+pqy)[l—qp( Zyj—q[ ;yj}( ;yja(l-Q)(-Z—pwy)
d —
s=X ~—2_(g-qy-1-p+y+py-pa+pay)
yS 2i1+pi

+p| (1-y
| ( zyjp +(1_q)(§+%(—2—,0+,0}/)j

yw__nd[ a J{p3(2qzyz-2q2y+4y-2y2-2)+p2(8y-6q2y+2q2y2+qy2-q-5-3y2)}>0
W
afi+ o) )|+ pl-392 5+ 6y -q+qy? —2q7y-3q7y% - y?)-2-q2y? —2q%y —q? + 2y

if gz0andy #1 jointly.

Note that, even though two hypotheses are used for the calculation of the output gap at t
(previous central banker of type W or S), the actual type of the former central banker does not affect the
output gap in a separating equilibrium. This is due to the fact that at the moment B2 signs contracts, there

is no asymmetry of past information: the type of the former central bank will have already been revealed.

The sign of ytS will depend on the values of the variables q, p,y,a,and 8. However, by
analyzing a multidimensional n-grid formed by the discrete values that these variables may assume, one

concludes that ytS >0 whenever y<05,andfor y=1and q=0orl, yts =0. On the other hand, for

y >0,5, both negative and positive values were found for ytS . Therefore, Walsh (2000)'s findings that a

central banker who commits to his targets does not necessarily coexist with economic recessions in the

first period of a separating equilibrium are replicated. And as y}N - y[S = 5((1+ y)+ ,0(1—y))%rrd >0,
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W achieves higher output expansion from equilibrium levels at period t as compared to S. This is possible

because ntW > nts and the expectations are an average of the two optimal inflation rates.

Att+1:
s _ 4 P [ [0°(-y+a+20%y -297 +1-qy)+ p?(4+ 202 +ay -697 ~q)
Yen =71 —2( l+y 2 2 2 _ .2
AL+ p) |+ pl2-302y+ 2y + 20y -397 )+ 20 0% ~ Py +y -1
w_ s @ . Jplyraatyr1-297)+ p2lay -39~y +3-692 + 20%)
yt+l = —2( 1+y) 2 2 2 2
AL+ p) |+ play-30%y -39 -302)- g2y - g% -2

in which the sign of yfﬂ and y}"il will depend on the combination of the variables g, p,y,a,and 3.
Through a numerical analysis of this result, considering a multidimensional n-grid formed by the discrete

values of these variables, one concludes that yts+1 >0 whenever y<0,1 and q = 0,9, which lies in a very
limited and small set of the possible values of q and y. With y>0,1and q<0,9, yf+l may be either
negative or positive. On the other hand, yﬁl >0 whenever y=0,4. Incase y <04, yﬁl may be

either positive or negative. Notice that if y =1, both yfﬂ and yﬁl will be zero, once there will be no

rigidity inherited from the past, leading to expected inflation different from the optimal under the mandate

of the revealed central banker. In addition, as

Vi~ Yen =5%(-“;/)[;72(qy—Q)+p(-y-qy—q-1)-1-2q-V]ﬂ" >0 if y#1 (=0 if y=1), in

the more general case output expansion at t+1 generated by a type W central banker is higher than that
achieved by S in a separating equilibrium. This result arises from the fact that a type S central banker
takes into account, upon choosing the inflation to be announced, that this announcement affects agents'
expectations. He will thus not deviate from the announcement even if he could achieve higher output

expansion.

As a result, a smaller share of one period contracts (lower y) favors output expansion if the

central banker is of type S. In contrast, a higher y favors output expansion for a type W central banker.

W will not deviate from the equilibrium if U ‘S"e’paraﬁng 2UW s » and this will occur when:

p3(q2 —2q2y+q2y2)+p2 (—4;/—2qzy—2y2 +39% -2+2q-2q)° —qzyz)
+p39° —2-4y-2y* -q®y* +29%°y-2q +2qy2)+qzy2 +9°+29°y 20

Note that the condition for the separating equilibrium to be stable becomes much more complex

under the corrected expectations framework.
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C.2. Pooling equilibrium

In the pooling equilibrium, a type W central banker will mimic S in the first period. Aware of
that, agents will expect inflation at t to be equal to the announced. At the end of time t, as the agents will

not be able to distinguish between the possible types of central bankers, their expectations for inflation at

t+1 will be an average of the maximum discretionary rate and the announced rate, i.e., E,7, = 71y and

BTy = Q7T + (1— q)ntvil. Thus, type S central banker's problem is:

/ 1 1
max[yt _E,Bﬂtz} + p|:yt+1 _Eﬁﬂtz+li|

T, Tl

s.t.

] -y 1+y 1-y _
Yira = a|:7Tt+l +_(7Tt _Et—lﬂt)_TEtﬂHl _TP(Etﬂnz _Et—l7Tt+l):|
. 1-y 1+y 1-y _
Yi = a|:”t +T(7Tt—l —Ei- ﬂt—l)_ Eiamm T p(Et—17Tt+1 _Et—27-[t):|
N o= and 1, = BTy = By = 0 + (-0, B = 118

The first order condition at t yields:

e = (:L_—y)ﬂd >0,fory#1
2 A)

=0,fory=1
Note that the announced inflation at t in the pooling equilibrium will be lower than that chosen

by a type W central banker in a separating equilibrium. In addition:

ﬂ:—ln’d <0
oy 2

Indeed, if y =1, the effect of inflation at t upon Y, would be null. In this case, everything
would work at t as in a one-period model with commitment. Therefore, the previous inequality may be
interpreted from the viewpoint of B-type contracts. If their share in the total increases, then nf increases,

as a result of their effect in the output at period t as at t+1. The existence of two period contracts is what
causes the inertial term to exist at t+1. Therefore, an inflationary shock affects VY positively. As a result,

even a type S central banker benefits from a higher rigidity in contracts.

At t+1, the first order condition yields:

_ 1 6 _
o=, 5 0-ar ey’ >0 (8)
. w A, ool S . e :
with 7, <m,, and a—y = —m < 0. As the equilibrium is pooling, actual inflation at t+1 will be

lower than the expected average, once agents do not know with certainty the type of the central banker.

31



Actual inflation at t+1 rises with two period contracts as the expectations of wage setters in sector B1

weight differently from the other sectors (they are multiplied by _P_ ). This is due to the fact that these
1+p

. . ) a7,
contracts were signed at the end of t-1 to be in force at t and t+1. If only B2 and A existed, —-~ =0

what would make sense as these contracts were renegotiated at the end of t and would be surprised in the
same direction.

Equations (A) and (B) show that a conservative central banker will have to inflate at a positive
rate (in the more general case) in both periods, being penalized by the uncertainty prevailing at the
economy in a pooling equilibrium. Yet, optimal inflation announced for the two periods and implemented
by the conservative central banker will be lower than the optimal discretionary rates. In addition,

Pl

(1—q+,0(1+yq)) % <0, what suggests that in a situation where the
op 1+p

1+p

central banker attributes high importance to future outcomes (high ), he will tend to reduce inflation in
the second period by much more, due to the cost that inflation brings in terms of utility, once it will force

agents' expectations downwards as well. Remember that agents' expectations are an average of the

a
announced inflation and the maximum discretionary rate. In addition, a;T“l = —(llipy]rrd <0,ie,if
q P

the probability of a central banker to be conservative increases, society's expectations for inflation at t+1
will be lower. As a result, the recessive result of lower inflation is reduced.
In the pooling equilibrium, W will inflate at t at the announced rate. At t+1, he will choose

inflation strategically. Taking expectations as given, the optimal inflation at t+1 will be equal to that in

the separating equilibrium (mvﬁl =71%). A deviation from the equilibrium means that W will inflate at t at
the rate that maximizes his intertemporal utility, i.e., ntW :(1+ ,o(l_TyJJnd >, By doing that he
will reveal his type at the end of the first period. As a result, everybody will be surprised in the first
period, as E,_,77, = 772, but those who can update their expectations for t+1 will do so according to the
newly revealed identity of the central banker, which means that E,7z;,, = 71y =77% . W will choose not to
deviate from the pooling equilibrium if and only if U Y,Voonng >U Y. i - This will occur when:

pl-2y+y2)+ p2- 2y - 402 +3- 4077 - )

+pl-4)0 +3-y—4q° +2y|+1+y* +2y<0

Notice, once more, that the condition for stability of the equilibrium becomes much more
complex when the expectational setting is adjusted.

Output gap at t, considering that the pooling equilibrium will repeat in the future and will have
repeated in the past (stationary equilibrium), will depend on the type of the central banker, and will be

given by
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{pz(_zqy+4q2y-2y)+p(1—2q—2qy+4q2+2qzy‘3y), if the

S = W :—n’d 75 -1+
e [4(1+p)zj( +1-2q+29° -y

former central banker was of a type S, or
a .
ye =y =-n [4(1+ Py }(-1+ Plo*leay -2v)+ plu+ 40” + 207y -3y} 41+ 297 -] if the former
central banker was of a W-type.

The sign of Y, in both cases depend on the actual realizations of ¢, o,y,a,and 8. However, a

numerical analysis performed with an n-grid formed by the discrete values of these variables grants that if

previous BCof an S-type previous BC of type W
t t

>0 whenever y <03 and y >0 whenever

y#1, y
q>0,50ry <0,5. The output gap at t may be either positive or negative for the remaining possible values
of yand q.

previous BC of a W-type
t

. . (1+
As y previous BC of an S-type — a( /%4

- 1-y)n® >0fory#1, a former
y{ 1+pj¢1( y) y

central banker of a W-type causes the output gap at t to increase in a pooling equilibrium. This is due to
the fact that non-anticipated inflation persistence affects output gap at t, a result obtained after the

informational framework was properly adjusted.

At t+1:
Yoa = 7a | Zq+ltp py 1- 2l g Y | s -q) [ E o ea —,01_—’/2 >0,00.y, 0,2, 3
t+1 (1+,0) 1+p 2 2 > > LAY 0,4,
a -
Yty =1 er;)z [p2(3-2y +40%y2 ~y?)+ plaa?y? +5-y2 +6)07 ~ay)+ 2+ 2502 + 297 ~2y]>0, if 420, .

The result for yts+1 differs substantially from the one found in Walsh (2000), in which a central
banker committed to his targets always generates recession in the second period of a pooling equilibrium.

_P
2(l+ p)

or negative, depending on g, an opportunistic central banker will achieve higher output expansion

In addition, as yfﬂ - yt’l’d =-n"a [p(— 3y+q —1+5yq)—y+ ) +5q —3] may be either positive

compared to the conservative one if the probability attributed to his being conservative is high enough.

That means that he would need to surprise a very large share of society.
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