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"AUGMENTED INFORMATION IN A THEORY
OF AMBIGUITY, CREDIBILITY AND INFLATION"

by
Nathan Balke
and

Joseph H. Haslag

The paper examines the phenomenon of "Fed Watching" within the context. of a
macroeconomic policy game. Unlike previous policy game models, individuals
are allowed to acquire information about monetary growth in addition to the
historical data. Agent's decisions are based on the opportunity costs of
resources expended to augment their information set. Incorporated into the
“Cuikerman and Meltzer model of asymmetric information, the public's
optimizing behavior makes the agent's information set a strategic variable.
In this setting, it is shown that individuals strategic behavior can
~influence the monetary authority's strategy with respect to monetary growth
control. Further, the policymaker strategically chooses the control
variance of money growth to influence agent's information-seeking behavior.

Keywords: endogencus information, asymmetric information, time
Inconsistency, c¢redibility, policy games,




Section 1: Introduction

The time consistency problem involves the public forming expectations
of money growth prior to the monetary authority's implementation of policy.
Even though agents form expectations raticnally, i.e. use all available
information, the lack of pre*cdmmitment on the part of the policymaker
allows surprise money growth to be possible. Kydland and Prescott (1977)
first described the nature of this policy game and numerous authors have
extended their analysis. The primary difference in these extensions of
Kydland and Prescott is the treatment of agents' information sets. In Barro
and Gordon (1983), agents know the preferences of the policymaker, while in
Rogoff (1985), agents know policymaker preferences, but do not observe. the
productivity shocks until after expectations have been set. Several authors
have examined models of asymmetric. information. In Canzoneri (1985}, agents
do not know the monetary authority's forecast of money demand shocks. 1In
Backus and Driffill (1985), Barro (1986), and Cukierman and Meltzer (1986),
agents do not know the preferences of the monetary authority, so they must
use past observations of money growth to infer policymaker preferencesf In
all of these papers, the public's rational forecast is based on a
predetermined, fixed information set.

This paper considers an extension to the typical macroecconomic policy
game by allowin%hagents to "augment" their information set. That is, allow
the information set to be a choice variable. Darby (1976) analyzed the
optimal choice of costly information in a general context. Here we
allow agents to expend resources to apquire informqpion which improve their
forecasts of money growth., We are attempting to capture the phenomenon.

often described as "Fed Watching" where agents expend resources to gain




insight into the actions of the monetary authority. The model of Cukierman
and Meltzer (hereafter C~M) provides a framework which is easily modified to
analyze the effects of Fed watching. ”
The paper is organized as follows. Section 2 introduces the notion of
augmented infofmation sets into a simﬁle static framework. The statie
version is characterized by preference shocks that are serially
uncorrelatedﬂ -Representing the policy game in this manner h;ghlights the
agent's allboation problem. Section 3 considers the agent's choice of the
optimal information set in the Cuklerman and Meltzer asymmetric information
model. With serially correlated policymaker preferences and positive‘
monetary control variance, agenta must decide how to weight past
observations and current information purchases when forming expectatiohs.
Section 4 examines how agents' optimal choice of a forecast error variance
‘reacts to changes‘in monetary cont;ol variance; and how thé monetary
authority's optimal control variance reacts to changes in the public's

forecast érror variance.

Section 2: Serially Uncorrelated Preferences

In formulating policy, the monetary authority i1s viewed as being
subject to various political and social forces. The impact of these forces
is manifested aiﬂchanges in policymaker "preferences." "Preferences" refer
to the weight policymakers place on stimulating economic aétiVity versus
controlling inflation. The monetary authority possesses exclusive.
information about the true value of the weighting parameter. The presencé
of asymmetric information increases the incentive of the policymaker to

avold pre-commitment to a rate of monetary growth.




Before describing the objective functions of the monetary authority and
(a representative agent of) the public, we need to outline the structure of
the policy game and make the sequence of events explieit. First, a
policymaker preference shock occcurs. The exact nature of this shock is the
private information of the monetary'authority. The public forecasts this
preference shock; the "quality" of this forecast depends on the level of
resources devoted to "monitoring" the monetary authorityr? Based on an
information‘set "augmented" by Fed watching, the public then forms
expectations of the preference shock and future money growth. Finally, the
policymaker chooses the rate of money growth taking agent's expectations as
given.

The policymaker's objective i3 to

i

2
(1) max B {[mi- E(mi,IiJ] X, = (mi) /2%,

|~ 8

i=0"
where m, denotes money growth, E(mi,li) is the public's forecast of m, s
given the information set Ii’ and B denotes the rate of discount. The
variable x:.L reflects the policymaker's preferences for stimulating economic
activity through surprise money growth relative to controlling inflation.

As Xy increases, the policymaker is willing to bear a higher rate inflation
in order to further stimulate economic activity. Because we assume that
preferences are not serially correlated, the monetary authority takes the
public's current and future forecasts of money growth as given. Since
future expectations are independent of the monetary authority's current 3

action, the monetary authority's maximization problem can be reduced to the

one period maximization problem described by

(1a) max [mi - E(mi|Ii)]xi - (mi)2/2




Equations (1) and (1a) imply that non-zero money growth has a negative
impact on the monetary authority's utility, but that surprise money growth
has a positive impact.

It iz assumed that xi is random and is described by

(2) X; = A+ v,

Policymaker preferences are on average A, and the variable Vi is
independently and identically distributed with mean zero and variance 05.

Maximizing (1a) with respect to m. yields
(3) m = X; = A+ v,

According to equation (3), the selection of the rate of money growth dépends
directly upon the relative importance of stimulating economic activity
versus creating additional inflatign. Note that in the abéence of any
public information about vi the expected money growth rate is equal to A.

In a standard time consistency model, the public sets expectations
given an information set that includes a conjecture of policymaker
preferences, However, we allow agents to augment their information set by
expending resources. This permits the public¢ t¢ get an idea of what the
policymaker's contemporaneous preference shoeck is, The public¢ chcoses the
level of rescurces to expend in an attempt to minimize unanticipated or
"surprise™ money creation. For the sake of simplieity, we assume that the
public consists of a set of identical individuals. Consequently, the
public's problem may be treated from the perspective of a represenﬁétive
agent.

Formally, the representative agent's behavior is characterized as




max 2 2 2
(4 2- E[(m; - E(m |T.(s2)D]" - clo)).

e

Ii(cz) represents the information set from which agents form their
expectations.5 This information set consists of knowledge of the general
motivation of the monetary authority (i.e. knowledge of the functional form
of the monetary authority's maximization problem and that m, = xi),
knowledge of the distribution of monetary authority's pteferences (i.e. X; =
A+ vi’ E(vi) = 0, and Var(vi) = 03), and an estimate of the contemporanecus
policymaker preference shock, v?. This estimate has the following

properties:

e e. 2 2
E[vi vi] = 0, E[(vi vi) ] = s

EEV?(v. - vl
1 1 1

e 2
0, E[Vi(vi Vi)] = o, and

0 for j =+ 1.

E[v.(v. - vO)]
J 1 1

Thus, the public's estimate of the preference shock is unbiased and has a
variance of 02.

The public can improve its estimate of the preference shock by
expending resources on information acquisition. C(cg) is the amount of
resources expended to get a forecast of the policymaker's preference shocgk
of quality 05. The properties of 02 are: C' <0, C" >0, b&ci) = 0, and
C(0) = », The more resources devoted to uncovering the monetary éuthority's
preferences the better is the public's estimate of the preferenbe shock,
i.e., lower 02' If no resources are expended then agents will have no

information about the contemporanecus preference shock aside from knowledge

of its distribution, i.e., 05 = oi. This is the standard assumption of

all of the other asymmetric information macropolicy games. - However, in our

model agents can improve their estimate of the preference shock by




increasing the amount resources devoted to monitoring the monetary
authority, and if an infinite amount of resources are expended the public
will know the poliecymaker's true preferences with certainty.

Given an estimate of the policymaker's preference shock of quality 02

and based on the other readily available information, expected money growth

is
(5) Elm |1(6)] = Elx, |L(o2)] = & + v§

Substituting (3) and (5) into (4), we find that the public's problem is to

(6) MaX

2
g
e

(- El(v, = vD% - cd) b,

which is equivalent to

max

02
e

. 2 > -
(6a} { I C(ce} .
The first order condition for an interior solution implies that the optimal

degree of forecast accuracy, 02*, will satisfy
2
i %Y = =
(7) C (Ue ) 1.

From equation (7) and the second order conditions, it is ob#ious that
anything that increases the marginal cost of monitoring the monetary
authority (i.e., make C'(Us) more negative or BC'(GE)/au‘< 0, where n
denotes an arbitrary cost=increasing parameter) causes the public to acquire
forecasts that are less accurate (02 higherJ.6 .
We can evaluate how the public's ability to forecast the policymaker's

preference shock changes the policymaker's expected utility. From equations




(1a), (3), and (5) we find that expected utility of the monetary authority
is

e 2 2 2 2
(8) E[L(a + vy T A- vi)(A + vi) /2] = o, ~ 0 /2 - ATz,

Equation (8) suggests that a better forecast of policymaker preferences
results in lower expected utility for the monetary authority. If the public
has a cleargr'picture of the objectives of the monetarynauthority, then it
is much mére difficult for the monetary authority to generate surprise mohey
growth. Consequently, the monetary authority may have incentive to raise
the public's costs of obtaining forecasts and as a result increase 02. If,
as in the analysis of Barro and Gordon (1983), agents have perfect

2
information about the preferences of the monetary authority, i.e., O, = 0,

expected utility is - Ui - A2/2. If, as in the C-M analysis, agents have no
knowledge about fhe contemporaneohs preference shock, i.e., 02 = 05,

expected utility is 05/2 - A2/2. If policymakers followed the money growth

rule, mi = 0, then expected utility is zero. Thus, when the public is
less informed, policymakers are more likely to prefer discretionary policy

than to be bound by a rule.

Section 3: Serially Correlated Preferences and Imperfect Control

We now introduce the concept of augmented information into the C-M
model. Their model is similar to the one above except that the shocks to
the monetary authority's preferences are serially correlated. Beeause
agents cannot observe these preferences directly, they use realizations bf
past money growth to form expectations of the monetary authority's current

preferences.




Policymakers have the same objective as equation (1) above, except
current money growth rates will now affect future expectations. However,
the monetary authority has imperfect control over money growth. Actual

money growth is given by

m? is planned money growth and Yi is a control error. yi is i.i.d. with

mean zero and variance 05. Policymaker preferences are given by

(10) %, = A+p, 4>0,

and

(11) Py =PP, 4 * Vv, 0<p <,

Like the analysis above, vi is i.i.d. with mean zero and variance 03.

In C—M, the‘information setfﬁf the public consists of all past
realizations of actual money growth, knowledge of the parameter A, knowledge
of the distributions of vi and Wi, and a consistent conjecture of the

monetary authority's planned money growth. This conjecture is given by

P _
{(12) m, = BO A+ Bpi'

Agents know BO’ A, and B, but do not know pi.7 Here, we allow the public to
augment this information set by allocating resources in order to uncover the
menetary authd?ity's preference shock. As a result, agents get an estimate,

e . e
v., Of the contemporaneous preference shock Vi The properties of vi and Vi

i
are given above. The public can [mprove this estimate, i.e., lower 02, by
committing more resources to monitoring the monetéry authority. Thus, the

public when forming their expectations of current money growth knows all

past realizations of actual money growth, and has estimates of current and




past preference shocks along with knowledge of the properties of these
estimates. Notice that agents are uncertain about the policymaker's present
and past preferences, pi_j; they must try to infer the preference shocks
using past realizations of money growth and current and past estimates of
the preference shocks.

Following C-M's analysis, we derive the public's conditional
expectation of money growth. From equations (9) and (12), the public's

conjecture of actual money growth is

(13) m, = B0 4+ Bpi + ¥

i i

Given the public's information set, expected money growth is

2 e e e
(14) E[mi[Ii(cre’i)] = B, A-+ B E[pilmi_,], ceer Vi, 71_1, Vieor eeels
where
e e e
(15) E{pi|mi_1, M s wees Vi Vi g Vi 5p een] =
-1)B . ©
I O VR PN R
B(T-2) B Bi-1-j Vi-j7
j=0 . j=0
+
(16) A = (TPP s p)/2 - (174 (1;r s % - 2,
and

2, 2, 2
{17y r =B (ce/cw).

s,

(The derivation of equations (15), (16), and (17} is contained in the
Appendix). Egquation (15} is virtually identical to that in C-M; however,
here the publie's estimates of the éontemporaneoué preference shocks are

present in the forecast of money growth, and the term A depends upon the

variance of the public's preference forecast error, 05, not upon the
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variance of the preference shock 03. Implicit in the analysis above is the

assumption that the properties of the current and past forecasts of the

; 2
preference shocks are constant, i.e., 02 = g

. . .
e e, 1] {(j = j). This assumption

turns out to be consistent with maximizing behavior on the part of the

public and is shown below.
Notice in equation (15), that as the public's "guess" of the preference
shock becomes better (i.e., a smaller cs) more weight is placed on the

estimates of these shocks. 1In fact, as 02 + 0, X + p which causes agents to

place all weight on V?-j’ J =0, «.., », and no weight on past realizations

of money growth. On the other hand, as ci

to place all the weight on the more recent observation of past money growth

+ 0, X + 0, which causes agents

and on the estimate of the current preference shock and no weight on past

estimates of the preference shock.

Propositicn 1. The public's conjecture of the monetary authority's behavior

(given by equation (13)) and the public's expectations of money growth
(described by equation (15)) are consistent with a monetary authority whose
objective is to maximize equation (1). The parameters of the agent's

conjecture are
(18) B, = (1-8p)/(1-81),
2
(19) B = (1-Bp")/(1-Bp2).

(See appendix for proof.)

Thus, it is rational for agents to have expectations of money growth given
by equation (15). Equations (18) and (19) imply that the public's
expectation of money growth in our model depends on estimates of the

policymaker's preference shocks. Like C-M, actions of the morietary
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authority can only affect agents' expectations through past money growth
rates. Because the public's current and future estimates of contemporaneous
preference shocks (i.e., V?+j' j=90,1, ..., n) are independent of actual
money growth, the monetary authority's choice of money growth is essentially
the same in our model as in C-M. HNotice that while individual preference
shock estimates (v?) do not affect the monetary authority's behavior, the
properties of these estimates (us) do affect equations KTB) and (19) through
the paraméter A

The degree to which the monetary authority "invests" in credibility is
reflected by the terms B0 and B. Recall from section 2 that if the monetary
authority does not take into account future expectations then it would set

planned money growth equal to its tradeoff parameter, i.e. m?

= xi. .When
the policymaker takes into account future expectations, we know that the
monetary authority's planned monéy growth is less than its tradecft
parameter since BU =% and B s T. The monetary authority restrains itself
in order to preserve more favorable money growth expectations in the future.
As os (05) falls the terms BO and B rise (fall) (see Appendix). As monetary
control improves, the monetary authority's conduct of policy moves towards

a lower planned money growth and away from its own tradeoff parameter.
However, as the public's estimates of policymaker's preference shocks
improve, planned money growth tends to increase towards the monetary
authority's tradeoff parameter. When 02 falls, the public pays more
attention t0 its own estimates of the preference shocks and less attentioh
Lo past money growth when forming expectations of the monetary aﬁthority's
preferences. Therefore, the monetary authority has less to gain from
investing in credibility because the public is not paying as much attén;ipn

to past money growth.




Given the expectations mechanism (equation (15)) and actual money

growth equation {equation 13)), we can find the variance of the public's

money growth forecast. This is given by

2

B o 2

2
s {p=1) Oy 5
5ot 5 T Oy
(1-17) (1-17)

(20) E[(m, - E[mi|11(c§)1)2] -

The more accurate the publie's estimate of the preference shock (lower us)
and the bgtter the monetary authority's control (lower ai)rthe better is the
public's overall forecast of money growth.

In general, the public's expected utility is given by

i

2
(21) - B E[(mi - E[mi|Ii(ce

™~ 8

2 2 2
RO SRR R Clog,i) -

i=0

2
When qe is the same for all time periods, Wwe can use equation (21) and the

]

variance of the public's expected money growth given by equation (20) to
find the public's expected discounted welfare for a forecast of preference

2
shocks of quality L This is

2 2 2
1 B o, (o-)° I 2
(22) = — + + oy + C(ce) .

B (1-22) (1-22)

The canstant cs that maximizes eqation (22) will satisfy

28(dB/d02)02 5
(23) - - S - c' (a3)
1-3 (1-47)

L]
o
»

2
Since B~ + 2B(dB/do§) °§ > 0, an interlor scolution always exist if C'(cs) =
0 and C'(0) = - w.8
2
The resulting choice of Ge 1s constant across time given equations .

(15), (18), and (19). The monetary authority's behavior summarized by

12
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equations (7), (18), and (19), the public's expectations mechanism given by

equation (16}, and a constant optimal cs described by equation (23) are all

2

consistent with each other. As long as the structural parameters i, B8, Oy

remain unchanged, the problem facing the public is the same in each period

and, consequently, the choice of 02 is constant over time.

Section 4: Comparative Statics
Again; it is obvious from equation (23) that anything which increases
the marginal cost of obtaining preference shock estimates (makes C'(oi) more
negative} will cause the public to choose estimates with a higher u:. The

2
effect of the control variance, oi, on the choice of Ue is also of interest.

2
Proposition 2. Let ce* solve equation (23). A suffiecient condition for

d°§* 2 °§*
5= < 0 1s B® —— < 1-gap.
do 02

¥ p

Proposition 2 indicates that when the ratio of preference estimate
variance to control variance is small (recall that 0 < 8 < 1t and 0 < B < 1)},
the public will desire better estimates of the preference shock for higher
levels of control variance. This implies that ag the monetary authority's
control gets worse the public is willing to expend more resources to improve
the quality ofapheir preference shock forecast. This allows the public to
partially offset the increase in the variance of their money growth
estimates caused by the increase in the control variance. The condition -
given in Proposition 2 1s a sufficient condition; it is quite possible fér

2

the condition not to hold and doe*/dai still be negative.
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Like the example in section 2 where preference shocks are not serially
correlated, the ability of the publiec to form estimates of the monetary
authority's preference shocks affects the monetary authority's expected
utility. Recall that the expected utility of the monetary authority is

given by

(24) E[_z 8t (m, - E[mi|Ii(0§)])xi - (mi)z/e:l

i=0

Substituting equations (13} and (16) into (25) and taking expectations

yields

B B2A%  B%Y 4O
(25) | = e .0 . LA S
1B 1-ke 2(1-p%) 2

The better the public's preference forecasts are the lower is the monetary
authority's expected utility.?o CTomparing equation (25) to the measure of
policymaker utllity found in C-M, we see (i) cs is in the firat term instead
of cs; and (ii) ai enters explicitly in the policymaker's utility. Once
again, the ability of the public to augment their information sets with
information about the monetary authority's preference shocks makes it more
difficult for discretionary policy to yield the monetary authority greater
utility than the fixed money growth rule m? = 0.11

C-M show that it may be optimal for the monetary authority to have
positive control variance. 1In our model, it is less likely that the

monetary authority will choose a positive control variance. If the monetary

authority chooses 03 to maximize (25), taking o, as given, oi will satisfy

dB d8 ' dB
2 2 2 2 dB 2 2 2
(26) dotlj o, * pBog do, - B, g g do, Bo, 1/2 = 0,
1mhe (1-1p)2 doy (1-p)2
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Two elements present in our analysis work against positive control
var'iance.?2 First, because as < 03 the first two terms in equation (26)
are smaller in our analysis than in C-M. Second, the presence of the fifth
term in equation (26), which is not present in C-M, represents the direct
negative effect of the control variance. The element that favors the choice
of a positive control variance is that with a higher control variance 1t is
more difficultrfor the public to ascertaln the policymaker's true
preferencéé by observing past money growth rates. However, this effect is
weakened by the fact that the public now has an alternative information
source on which to base its expectation of policymaker preferences. Notice
that if 02 is not taken as given, then according to Proposition 3 it will be

even more unlikely that the optimal control variance is positive.

- - 2 2
Proposition 3. Let oi* satisfy equation (26), then dcw*/doe > 0.

This is an interesting result., It is similar to Proposition 6 in C-M, but
it has a somewhat different intuitive interpretation. Proposition U4 implies
that as the public has a better forecast of the monetary authority's
preference shocks, the monetary authority will want to improve monetary
control. This seems counterintuitive at first glance, because one would
expect that as the public's forecasts improve the monetary authority would
want to confusQche public by having worse monetary control. However, it
seems that in our analysis as the public gets better foreéasts of the
policymaker's preference shocks they place more weight on their preference
shock estimates and less on realizations of past money growth. Therefore,
the monetary authority cannot effectively offset the public's improved

forecasts by increasing the control variance; the public pays less attention




to money growth. So In order to continue to Influence the public's
eéxpectations, the monetary authority has incentive to improve monetary
control and prevent the weights placed on realizations of money growth from
falling.

While the monetary authority is less likely to use positive control
variance to offset an increase in the quality of the public’s preference
shock estimate, the monetary authority may use other means to obscure its
preferencéé. As we indicated above, anything that increases the public's
marginal cost of obtaining a preference shock estimate causes 02 to
increase. Therefore, the monetary authority can improve its welfare by
making it costly for the public to discern the monetary authority's true
preferences. The Federal Reserve's penchant for secrecy could be moﬁivated
by a desire to ralise the costs to the publie of dilscovering the Fed's true
preferences. Fufthermore, Propoéition 3 implies_that secfécy may result in

the choice of institutions that result In higher control variance.

Section 4: Conclusion

This paper extends the asymmetric information model of Cukierman and
Meltzer (1986) by allowing agents to "augment" their information set. By
devoting resources to "Fed watching" agents form a rational expectation of
the monetary aq}hority's preferences based not only upon past observations
of money growth but also upon current and past estimates bf the
contemporaneocus policymaker preference shocks. The quality of the
preference shock estimate depends upon the amount of resources expended.

Several results stem from the Introduction of augmented information

into the C-M model.

16
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(1) The distribution of money growth forecast errors is
endogenous -- it is chosen by the public when they choose the
amount of rescurces to devote to monitoring the Fed's preference
shocks. Agents weigh the costs of an improved preference shock
estimate against impro#ément in their money growth estimate.

(2) Improvements in the public's estimates of the preference
shocks lowers the expected utility of the monetary authority.

"Furthermore, fixed rules such as m, = 0 become more attractive to

p
i
the monetary authority.

(3) The public's augmented information set makes it less likely
that the monetary authority would chocose institutions that
lead to positive control variance. 1In C-M the difference
between actual and planned money growth masks the preference
shock from the public. However, when agents have their own
independent estimates of the policymaker's preference shocks,
the ability of the control error to obscure policymaker
preferences is diminished.

In C-M, credibility depends upon how quickly the public learns. This
depends in turn upon the information content of money supply observations.
The monetary authority can lessen the information content of money supply
observations by having poor monetary control. In our model, the speed of
learning depends upon the public's acquisition of information. Agents by
investing in information diﬁinish the policymaker's incentive for noisy
monetary control. Policymakers can lower monitoring activity by the public
by increasing the cost of acquiring information. Perhaps the Fed'é‘desiré
for secrecy, see Goodfriend {19861, can be rationalized as an attempt.to

increase the cost of acquiring information.




Several extensions of the above model could be considered. We did not
take into accdunt informaticnal differences between agents. How does the
model change when only a subset of agents has superior information?
Furthermore, if there is a mechanism (i.e. the market, see Grossman and
Stiglitz [1980]) that results in private information being dispersed among
the entire public, then there may be severe free rider effects with regards
to expending resources to uncover policymaker preferences. Examining the
role of differential information among the public and possible free rider
problems could bé enlightening.

Finally, in C-M the monetary authority's preferences and the shocks to
these preferences are, presumably, being driven by social and economic
forces that are not explicitly modelled. In our model, the public's
understanding of these forces are assumed to be summarized by their current
and past estimates of the monetary authority's preference shocks. Further
work in trying to identify and model the interaction of these socio/economic
forces and including agents who have an imperfect.understandinghof these

forces is needed.

Southern Methodist University
and

The Federal Resserve Bank of Dallas
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FOOTNOTES

The authors wish to thank Gerald Dwyer and Neil Raymon for helpful
comments on an earlier draft. The views expressed are the authors' and

do not necessarily reflect those of the Federal Reserve Bank of Dallas.

Here the term quality refers to the variance of the current period

forecast error.

Implicitly we are assuming that the 2 parameter family of distributions
describes vi, or that the other moments of the distribution are

unchanged.

This assumption maintains the information asymmetry between the
monetary authority and the public, not between individuals. 7
Furthermore, the uniform information set across agents implies there is
no "free rider" problem whereby "used" information becomes a public

good in the acquisition of information.

The underlying assumption is that the variance of the forecast error is
a monotonically decreasing function with respect to agent's resource
expenditure. Or, “: = f(R), with f' < 0, where R is the agent's
resource expenditure. Clearly, R is the true choice variable. In
order to minimize notation, we have chosen to substitute U: as the

choice variable in the agent's objective function, i.e. R =

f_1(c:) ='c(0§).
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2
Notice that the second order conditions hold, i.e., *C"(ce) < 0.
The parameters BO and B are taken as given.

The public's "optimal"™ choice of a constant UZ’ which satisfies
equation (23), is not time consistent. According to the decision rule
prescribed by the first-order condition represented by equation (23),
agenté are committed to choosing the constant forecast error variance
for periods 1 + j (j 2 1). Time inconsistency arises because the
current value of cz affects future money growth forecast error. This
dependence is obvious from equation (A6) in the Appendix. In-addition,
changes in current period og affect future money growth forecast errors
through changes in the weights placed on current preference shock
estimates (i.e., the aj's and bj's in equations (A7) and (A8)).
If agents take the reaction function of the monetary authority as
constant (i.e., BO and B are constant) then the time consiétent choice
2

s . .
f Ue,i+j (3 2 0) will satisfy

- B%/(1-81%) - C'(ai D=0 i=0,1, ..., s

{(For an analytical derivation of the optimal, time consistent 02, see

section 5 of the appendix.)

2
There may be other equilibria where 9y 4 is not constant.

Expected utility of the monetary authority in Cukierman and Meltzer is:

2 2 2 22
: |:Bav BT B :|
T=F L 7- 7
B L1he 2 2(1-p%)




1. Expected utility for the monetary authority under the fixed rule 1is

2
o

- £
2

12. The first order conditions in Cukierman and Meltzer's model are:

2 2 dB
1 e %, B %% o Po 2 |w
T=8 | ax (1-xp) (1-1p2) 0 da
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Appendices
. . e e e
1. Derivation of E[pi] My g By e "t VY, Vi g Vi o) ]

Let yi =m - B.A.

i Q
The information set consists of observations of yi_1, yi-?' *++ and v?, vi_1,
v?_z, *++, and knowledge of ci, Bb, B, A, cf, and the properties of the
Preference shock estimates, These properties are:
_.e _ _ _ e 2, . 2
B[V, Vi1 = 0BGy Vi)Y = og g
’ e 2 e e
- = VL. = 0,
E[Vi_j (Vi—j vi_J)] Oe,i-j’ E[vi_j(vi_J vl“J)]

e . ; . : s
and E[Vi_j (vi—k Vihk)] = 0 for js#k. Agents will use this information set

efficiently to minimize E[(pi' E(pil Ii))EJ.

Let

(A1)  Ep. | I.1= P e
. i i =1 j B =0 J o i-j

The trick is to choose the parameters a; and b, to minimize E[(pi-E(pIIi))g]-

Set
> = ¥i-j “ e .2
(A2) EE[pi-E(piIIi)] 1= Elp- jfi aypy_y* 5 - Eo bvi_y]
: ° © = ¥, ® 5
(A3) E[ pJv.h. -~ L aflz pv, . +—=1y_ . 5 b.v?_.] .
=0 =5 55 ko i-j-k B j=o 9 17

Rewriting (A3), we get

= e 2 e
{A4) EE(vi— bovi)+[(p-a1) Vi by v DG pay= a,)v, .= b, Vieo]
3. 0% - s - cbw® T4 e
+ [(p7- p a,” ra, a3)vi_3 b3vi_3] +
T Y
=j£1 aj——E—] .

Further rewriting vields

— .._e — — —
(45) E[(1 bo)vi+ bo(vi vi) + (p-a, bj)vi“1+ bf(vi_1 v,
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2. _ e
vleTmage maym bV, o bV o Vi)

s (o3~ a0~ a

e
1 2P T 23 b3)vi_3+ b3(v1_3 vi_3) +
@ ¥, .
-1 a, 13312.
J=1
By taking expectations of (A5) and using the properties of v?_j, we get
2 2 2 2 2

(46) EL(p - E[p |1,1)°] = (1-b) o2 + b2

0e,i

+ 2(1—b0)bOOe,i

22 22 2
*lpraymb)e, + byo, gt 2(emaymhdbo

2 22 22 2 2
f P Ayt Ay DY) o H o ot 2eT Ay BoJboo ke

o, d
+ L a, -; .

j=1 4 B

Choose aj, bj to minimize (A6). The first order conditions for the bj's are
2 2
(A7a) -~ 2(1-b0)oV + 2(1 bO)Oe,i =0
-(A7bJ - 2(p-a,-b 5 02 + 2(p-a,-b )02 =0
1 71 v T 71 e, i1
2 2 2 2

(A7c) 2(p paT-az—bz) gt 2{p pa ~a, b2)Ge,i-2 =0
Since 02 < o2 ¥k h he FOC imply that b, =1, b, = p-~a b, = 2. -

e,k=UV s then the imply a O-_’1_p1’ 2‘9 DEI..‘

3 2

4y, b3 = pT-p a1—pa2—a3, etec., The first order conditions with respect to the

a.'s are:

J
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2 2 2 2
A8 -a - - - —pa -a_-
(A8a) 2lp-a,=b loy -~ 2bjo 4 - 2plp"~pa =a,=b,] o)
2 2 3 2 2 2 2
_2 - - - - - —_
pbzoe T 2p Lp~-p a-pa, ag b3]0v 2p b3°e,i—3
02
22, = =0
B
_ 2_ - 2 _ 2 - 32 _ . 2_
(A8b) 2[9 pa j-a b2]crV 2b20e,1—2 2olp~-p a,-pagag b3]cV 2pbe,i—3
. : ;2 _
¥
L. TN +23_=0
2 BZ

_ 3_ 2 B e 2 _ 2 _ 4 _ 3 _ 2 _ o 2
(A8c) -2{p -p a;7pa,ay b3]ov 2b3oe -3 2olp -p a, ~paypaga b, la

. v
U2

_ 2 . ¥ _

2pbuce’i_u + 2a3 52 =0

Using the FOC's for the bj's, we can rewrite (A8a), (A8b),«++ as

_ _ 2 _ 2_ _ 2 _ 2 3_2 _ . 2
(A9a) -2[p a1]ae’i_1 2plp pa, az]ﬂe,i_g 2p Lp™-p 81704, aBJUe,i*B
y
. +2&28— =0
2.2 3. 0% ~pa. ~a_lo° . ~20°[0 =p3a.-p%a —pa_~a 1o
(490) -20p -pa~a Jo, .= 2plp7~ p"a ~pa, ~a o, , .20 [p ~p”a,-0"a pa, 830,14

- - .« = + 2a
2 2 .
It o, = 0__,» then equations (A%a), (A9b),-+ are exactly the same as
equation (Ad) in C-M except that 03 is replaced by ai. Therefore, we can

use their solution for the aj's. C-M find that

(410) a; = (p-a)ad”!

L
1,1+p 1, 1+r 2 2
where A = é{ + p) —(—( 5 + p) -1
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and r =

Using (A10) and the first order conditions for the bj's, we find that
(411) b, = 7.
J

Therefore,

L] -]

(a12) Elp.|1.] = (el thi_1__ + AJV?—'
' j=0 I =0 J .
Using (A12), and the fact that y; = m - BOA, we find that
' (p=1)B_ A . @
0 (p-A) J J,e
(15) Elp,|I.] = - — + I Am, . .+ I AV _ ..
it7i B{1-1) B 320 i-1-j j=0 i-j
2. Proof of Proposition 1
The policymakers problem is to
p max [« i (mi)2
i . - -
(A1) LI E| Z S(Emi E(milli)]xi 5 ) .
i=0
Rewriting (A1)
p ¥ [ - if p (1-p) 3P
(M15) my sege s E| I 8 (&i YT Bof T (emh) B aT(my g g%
L. i =0 . J=0
® e (m? + Wi)e
vo_.xm B N Ik, - ———— /.
3 {=0 J
The first order conditions imply
IE(VS . x,..) E(vE . x...)
(A16) x -(p-M[BE(x. )+8 —— "1 g2 R(x  _)+g° 112 iv2
i i+2 p i+2 p
am o,
i i
e e e
AE(v. .x. ) 9E(v . _x. ) L oE(v X, )
+821 i+1 1+j +83A2E(x.+3)+83 i+371+43 +B3h j+271+2
amP ! mP I
i i i
e
E(v, . X, . .)
N B3A2 N 1+L i+1 F e ] = m? +‘E(Ti)

ami
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2 E(vS x.)
Ir o is constant over time then 5 = 0. Also E(Wi) = 0, Therefore
om;
i

(A16) can be written as

3.2
A E(xl+3) + » &+ a i

This is the same first order condition as in C-M; therefore, we can use

2
(17 xy = (p-MILBE(x, ) + 87) E(x ) + 8

their results to obtain

(A18) m? By + Bp,, where

1-Bp
(419) B0 T=gx"

(A20) B

3. Derivation of Equation (21).
Recall that

(a21) Elm |I,] = ByA + BE(p, [I,].

0
Using (421) and equation (13)

2 2
(a22) El(m;- Elm [I,1)7] = E[B (p; - E[pi]Ii])2] + 05.

Substituting (412) in for E[pilli] in equation (A22), we get

@™ LY.L
(A23) BZE[pi - (p-a) ¢ ad AZtt

j=0 =0

-1 AJ v© .]2 + 02.
i-j b4

This in turn can be written as

e % . L o
(a24) B%E[p, - (p-1) £ adp, , o+ Vg o g e 2L 2
i : i-j—1 B . i-j ¥
j=0 j=0
Further substition yields,

o« -] o«

[-+]
2 j o i k i=3=1, _ je -2
(A25) BE[ & p 1~ (p—A) £ AL = (p V1—1—j—k)+“"'ﬁ'“] £ A vi_j] + g,

=0 j=0 k=0 j=

no

Rewriting (A25), we get after some algebra
2 e ? o5 Yimgm12 2
(826) B°EL t AM(v, - v& ) - (p-1) £ ad 2T . 42
5=0 i-3 i-j =0 B ¥




Taking expectations,

2

o .

(A27) 82[ T Achi + (p=2)2 g 23 %]+ qi.
j=0 j=0 B

This implies that

2
(A28) E[(mi—E(mi|Ii]) 1=

4, The aptimal constant 02. (Derivation of Equation 23).

The public's problem is to

max 02 2
(429) 02 1 {32 e, [(p=3) 02“]2 . c(ci)}

& (}‘B) 1-22 192 ¥ ¥y
Taking derivative of (A29) with respect to oi yields.
dB
2B 2 2 22
-1 dog 9 g2 2ABT02h oae-nar 2 2(e-n) 2| ax
(830) () = —3 2.2 22 %" 2 Ty 2
. 1-2 T~ (1-173 {(1-17) (1=27) doe
2
1 -
+ (ce) = 0.
Algebra yields
dB
2B 2 2 2
do” o 2 g 2
-1 2B
(31 (=) == Bz +[“§'(p'”“*“) _gjl dlz 272
‘ 1= 1=A B do, (1-17)
2
t E-}
ve (oe) 0.
From the equation (A9a) and the form of the parameters aj, we find that -
2
-2) 2 Iy A N
Toox o, * 2(p-1) = - 0. This implies that the first order condition for
B

maximization problem (A29) is

29
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5. Derivation of the time consistent optimal cz.

The public's problem is to

ma x
(A33) Ui,._ {I:m— Elm . |I (cr e, i’ c i- 1,-..)])2 + 0(02,1)} .

Hewriting (A33), Wwe get

max o
2 i 2, 2 2 2
(A34)  of iEOB {EE[B (p;~ Elp, 1,0 :l + oyt C(Ue,i)} .

Using equation (A6) and remembering that the parameters aj i and bj j are
H ]

chosen to minimize E[Kmi- E(miIIi))zaas in appendix 1, we get

i 2 22 2 2 2
g B {B [(T bO,i)' o, * bO,iUe,i + 2{(1 bO,i)b N

max

(A35) o° -
e,l

i i

I 1 g

%25 %, 1-2

P
+ 6 o« + i ——:] + C(Ge,i{} .
J=1

Taking the derlvatlve of (A35) with respect to Ue { remembering that B0 and
1

2
B™ are taken as given, we get

ig2 2 2 2 3,2
(A36) BB l:bo 1 T BPy g Y B Do g T ETDg g3t :l '
® © JE[p - E(p, |I )]2 da ® » 3E[p -~ E(p |I )]2 ab
27 Kk K VPl ik .2 o K K kltx i,k
wre I 3a 2 B IB I 3b 2
k=1 j=1 3.k LI k=1 j=0 Jiuk 80, 'y




i 2
+ t =
B™ ¢ (Ue,i) 0.
Recall that for the case where 02 .= 02, for all i, b, and a, , are given
o 1 e J’i ds1
by equations (A10) and (A11). Also, since aj : and bj ; are chosen
2
. 3E[p - E{pk|Ik)]2 9E[p - E(plik)]
optimally (see Appendix 1), = 0 and = Q.
E)a‘j K abj K
L) H

Therefore, we can rewrite (A36) as

(A37) = Bi_{32[1+BA2 s pAt e 30

Thus, the’time consistent optimal oj

(438)

+

vr 2
c (ce) = (.

6. Proof of Proposition 2.

Let FOC be first order condition given by equation (A31).

will satisfy

S C'(ai)} =0

Let SOC be the

second order conditions for the maximization problem (A29) (SOC < 0).

a(FoC)
* “
dcs 363
439) 42  soc
¥
a_B B 328 gi 9B
2] 2 B, 2, 2 >
2(FOC) ’ dg %/ % 3939, 2B 2%
(O e EE ) 2 * 2 e
BU‘P (1 =a7) 1-2 1-2
_) )
ao
+ e Y
(1-3%)2
» 2 3B
’ _ a 2(p-2){(1-Apla, —
2
¥ 2B22[°e 3; + [p(p-1) + (1-ap)] 5= 9)2‘ . — wagi_
(1-27) 30 g 5
¥ ¥
3A
- (D“A(;-Ap) 302
B
Using the relation between ai and ci in terms B and A, we know that
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52 2

3B 3B % 3A -ar e

2 2 2 2 N
aow ace o, and 3cw = aae UW .

Also from equation (A9a), we know that

2
qg
2 _ _ ¥
EAGe 2(1=prx) (p=2) T -

Rearranging (A40), we get

32

_ 9B
' 302 i
TUTRE fi) [EB+2 B Ug] w2 8
' . 1-2 30 (1-17)" 3¢ d¢
) _ ¥ e
2 2
22 ax (1-Ap) %, ,, 3B I
—2.2 2 A 2 2 .2 .2
(1=1%) 30, B o, do,  (1-27)
Recall that
1
1+r -—
2 + P 2
1-Bp > ( 1+p 2 )
B = =-£ __  {+ -
T=Eph and A(r) > (_p + p)-t
2 °§
where r = B = -
Oy
i
A GBS p)2-1) z
(A42) A'(r) = - £ 5 <0
aB .
To find =, We use the equation:
o0
y
2
B{1-BpA) = 1-8p
Uz 02
(1-gpr - BpA'ZBZ —g }dB = - Bpl'B3 —g 5 d02
Y
_ oy (U?)
Therefore,
i z
“BpA" B R
(02)2
(443) B . ¥ . > 0.
2
30y 1-gpA - Bpr'2B ‘e
| [H

Furthermecre,




2 2 2 A'(~1+BpA) e
-B ¢ 2Bg (g2)2
(A4b) Aol = B e >0
2
day Ty Iy 99y 1-8pa - Bpr'2B ‘e
. p
y
Finally,
2 02
(as) —2 B 9B B 1),  se 9B [ 9B 1,31 9B [, 238
305 36> 80° ¢° B B 562 ]| 836 o° a3 at acc L Pac®
Y e e Y Ue O U? UW . _Ue e
Substituting equation (A45) into (A41)
3B
2 2.2
g {(a™) 2
(a46) = (118) ~ E’B 105 0 v 12— (2 ]” P E“i =, ”{l
(1-127) o, Sce (1-17) Ba\ll Boe
202
— L
PR S, 2B [8*23—8'2 oo | “7 1
(1-2")"a 30 1-A° 8o d0 3o
. b4 ~ e ¥ .
Further rewriting yields,
3B
Z 2.2
Y (o) 2
(R4T) ~(11—B) —lpz |:MB + 10 a—gag v 12 =% —‘32
(1=-217) 90 30
e e
02
I el R R R LR
BUW (1=27) (1=27) 0o (1=17) Bce 308
1 _
1. Tir 1 1er . (2 2)
(I-+ ( 5 + P)(E (fE" + p) =13 :] .
9B 2 (05)2 a8 \° .
If one writes out the term | 4B + 10 —5 0, + 12 T - s one finds
© Pa a0
e e

that this term is always positive.

look at the second term in (A47).

Thus, to sign equation (A4T7) we need to

The second term can be written as .




14p 1+p 2 . -1/2\. 2
- —X — (— - 2
YO 2 3B sy (1 P ( (= ) -n) % 38
WO T T2 L% e B e\ 7 EE
BGW {1-17) Boe j—l Bue
52
L 200-ap) v |
(1-2%y A
If we look at the term
: 1+p 1 f+r 2 . -1/2 2
1-32 \A 2 302

we can write this term as

142% A 2
YBx 3 2\ 122 2% ap
(AHQ) + + -—2* .

1
2 iy 2y
(1 A%) ace
This equals
(450) ———55—— BAS + os &
(1-x)x 90

Using (AU43), we can write (AB0) as

(A51) um [:(1 bApBB—) (1A)+A53—:]
(1-

A2

2
g
This term will always be positive if 1-BAp > BB° —% .
4)
¥
Therefore, if
2
- O,
(452) 1-Brp > BR -
%y

we know that the term (A48) is positive which in turn implies that (A4T7) is

o%
. - 30
negative. Conseguently, ELEQ%l < 0 whieh implies that -—2 < 0.
3¢ ag

¥ ¥
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It is possible for (A52) not hold and egquation (A51) still be positive.

802

Furthermore, it may be possible for ——% to be negative even if equation
ao
¥

(A51) is not positive since eugation (A%8) may still be positive. Finally,

even if equation (A48) is negative it still may be possible for (A47) to be
*
802

negative and, consequently, ——% < 0. Thus, condition (A52) represents a
90 >
¥

sufficient éondition.

T. Derivation of Monetary authority expected utility.

The monetary expected utility is

2
® (m,)
i i
(A53) I BE [kn&— E[milli] X, -3 :]

1=0
- -

® i - (BOA"’ Bpi + Tl)
(A54) = iiO B°E | B(p~ E[pi]Ii] (A+p.) - 5

@ l"" o m W

i k i-j-1

(A55) = 3z B8'E B( pv, .= (p=r) &£ % B o v, .

i=0 | Mi=0 1=3 3=0 k=0 i-j-k j B

(Ba+3 £ plv o+ v )2
= : © - X i=-j i
i e i j=0

. = L A v._.) ( oy v._.) - )

3=0 7/ \j=0 =

o “". ) i o N q‘ . 1 ]
(A56) = L BJE B( I SR IR CE VI —i-%—f) ( L ool v, . )]

1=0 j=0 J J j=0 j=0 b J

22 2
P a
2 2(1-p2) 2
o i w s o BOA B?Ui i

(57) = I B {B R e T B I

i=0 §=0 Jgo 1T I 2(1-p%)




2 2 2
o o . B.A B o i}
(A58) = 1 8 ) B & l‘]p‘]02 - % - Y o T -éi}
i=0 j=0 2(1-p7)
@ i B 02 BOA 8205 Ui
(a59) = & 8 {'_— - - - 5
=0 (1-1p) 2 2(1_02) 2
1 B 02 BOA Bzo2 05
(460) = (17-8) {:(1~Ae) T2 T - 2.z
P $Ae 2(1-p7)

8. Proof of proposition 3.

a(Foc)
aci aai
(a61) ;;5 TS
&
Recall that the FOC are given by equation (26} and that SOC < 0.
3 B , 31 3B , 3%
2. 2 pa 2 2 pBo 2 2
3 (FOC) 1] 9999 e 90, 3o, e B0, 30,
(462) 2 C T | T % 3 * 2
30, _ AP (1=%p) (1-1p)
EEQ 2 an 2p%6° g% 3 2
pag,_ @ P % 3¢ — aB aB 9 B
¥ e 2 y 0 0] 2 0]
* 5 99 3 % T T3 3 & -3y —
{(1-2p) (1-2p) 90, aoqJ Sawac
3B 3B 3°B 3B 31
2 2 2. 2 2
ao Bc\P 5 8G¥30e 5 Bow pBacw
- 5 % TRaoy % Y T ! >
(1-p7) P (1=hp)
2 2
g 2 2 G
Notice that 28 . - 38 ¥ 3B ~ _ _ 3B, ¥
90 802 02 362302 362 2
e ¥ e e vy Y 0e
2 P 2
B .oal o . o, % B BBy
2 2 2 2. 2 25 2 2 2 2°
Boe Bcrqr g Bcwaoe 80lP O, Bce BGW oe
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2 z z2

and ° BO = - ° BO EE
2 2 2.2 2°

30? Bﬂe (30.) a

aB
02 302
a(FoC) y 1 ¥
{A63) = - 500 — + — —
302 U2 1 B 1 Ap
e e
*
© BFOC 3“5
Therefore, > 0 and, consequently, —
2 2
ace BUe
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