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Abstract

We look at the implications of uncertain monetary policy preferences for the targeting and

contracting approach to monetary stability. It turns out that in presence of uncertain preferences a
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approaches can get rid of the inflationary bias, the impact of uncertain preferences on the variance of
inflation will be considerably higher with an inflation target. We also find that on top of an optimal
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is needed than with a Walsh contract.

Keywords: non-linearities, economic fluctuations, inflation targets, optimal contracts

JEL Codes E42, E52, E58

! Corresponding author: Marco Hoeberichts, CentER for Economic Research, Tilburg University, POBox 90153,
5000LE Tilburg, The Netherlands; phone: +31-134663149; fax: +31-134663042; e-mail: M.M.Hoeberichts@kub.nl


https://core.ac.uk/display/6794692?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

1 Introduction ®

In the literature on reform of monetary institutions two ways have been advocated to reach low
inflation. A survey of this literature can be found in Eijffinger and De Haan (1996).

The first is thdegislativeapproach, i.e. to establish by law a independent central bank with an
exclusive mandate for price stability. The major academic contribution in this area is Rogoff (1985).
Rogoff develops a model in where monetary policy is delegated to a central bankge(the/ho is

more inflation averse than society (frencipal). The result is a lower inflation rate, but this is at the
expense of a distorted response to output shocks. Thus, the Rogoff model features the famous
credibility-flexibility trade-off.

The second is theargetingor contractingapproach to monetary policy. The idea is to let the

political principal of the central bank impose an explicit inflation target for monetary policy and make
the central bank governor explicitly accountable for his success in meeting this target. Academic
contributions in this area are Persson and Tabellini (1993), Walsh (1995) and Svensson (1997).
Walsh has shown that an optimal linear inflation contract can eliminate the inflationary bias without
distorting stabilisation policy. Thus the credibility-flexibility trade-off is elimindtd makes

inflation targeting superior to Rogoff's conservative central banker. Moreover, Svensson (1997) has
shown that the linear contract can be mapped into an optiffelon target This means that these
delegation arrangements &guivalent They are both able to produce the pre-commitment outcome.
However, both Walsh (1995) and Svensson (1997) on the one hand, and Rogoff (1985) on the other
assumesymmetric informatiom the principal-agent relationship. More specific, they assume that
both the political principal and the private sector know the central banker's preferences.

This assumption was abandoned by Herrendorf and Lockwood (1997) and - most recently - by
Beetsma and Jensen (1997).

Building on the contracting approach, Herrendorf and Lockwood (1997) demonstrated that if a
monopolistic trade union has more information about productivity shocks than the principal,
maximum social welfare can be achieved by having a conservative central banker with perverse
preferencesn top @ the contract. Thus, - notwithstanding an optimal contract - Rogoff's

conservative central banker is restored.

2 The views are those of the authors and not necessarily those of the Bank of England. The authors are grateful for
helpful comments by Sudipto Bhattacharya, Chris Waller, Charles Goodhart, seminar paricipants at the LSE and the
Bank of England and two anonymous referees on a previous version.

% However, McCallum (1995) argues that the Walsh contract merely shifts the credibility problem from the
policymaker to the principal.
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Beetsma and Jensen (1997), building on earlier work on preference uncertainty by Briault, Haldane

and King (1996), Nolan and Schaling (1996) and Eijffinger, Hoeberichts and Schaling (1997), derive
the very interesting result that - if the private sector and the political principal have imperfect
information about the central banker's preferences - the equivalence between the linear Walsh
contract and the Svensson inflation target breaks down. They show that the optimal linear inflation
contract performs strictly better than the optimal inflation target when there is uncertainty about the
central banker's preferences.

However, theymodelthe central bankes preference uncertainty as 'pure’ uncertainty. Thidiem
that in their modethere is no effectrom preference uncertainty ahe private sector'sflation
expectations. Thus, inflation expectations are invariant to this kind of monetary policy uncertainty.
In this paper,buillding on our earlierwork in this ared, we investigatehe effects of relaxing this
restriction.Using a model that is otherwisemilar to theirs, wefind results that areery different -
and sometimes - exactly the opposite - of the Beetsma and Jensen (1997) model.

Forinstance, wdind that it isoptimal forthe government tampose an inflationarget on theentral
bank whichdepends on the degree of uncertamitputits preferences. This is in sharpntrast to
Beetsma and Jensét097), whafind thatthe optimal inflationtarget doesiot depend on the degree
of prefence uncertainty and is the same as in the Svensson (18831) Therefore here - contrary to
BJ - certainty equivalenamesnot hold, and theptimal inflationtargetwith uncertain centrabank
preferences doewot correspond to theptimaltargetderived by Svenssaofi997) in theabsence of
uncertainty about central bank preferences.

Further, for the case of thé&alsh contract wefind that it isoptimal to offer a lineainflation
contract to a centrddanker that doesot depend on the degree of uncertaabputits preferences.
Again, this is in sharp contrast to Beetsma and Je(k@®/) (hereafter BJ), whond that the
optimal linearcontractdoesdepend on the degree of preference uncertainty. ¢lereesult is the
same as in Wals(iL995) for the caswithout preference uncertainty. Hence, certaiatuivalence
doeshold and theptimal linear inflationcontractwith uncertain central bank preferencelentical

to the optimal Walsh contract in the absence of uncertainty about central bank preferences.
Finally, we find that incase of uncertain central banker preferences ajpggmal delegation
arrangement is a combination of a lingaitation contractand aquadratic contract.Here the
guadratic contract igquivalent to a Rogof{1985) conservative central banke&gain, this is
different from Beetsma and Jengd®97), whafind that a combination of a linear inflati@ontract,
aninflation targetand a quadratic contract performs best.

Moreover, ouresult is in line with Herrendorf aridockwood (1997)and hence suggests that their
'restoration’ of Rogoff appears to be a very robust result indeed.

* In particular Nolan and Schaling (1996).
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The paper is organised into six remaining sections followed by four appendices. In Section 2 we

present the model. Section 3 looks at the optimal inflation target. In Section 4 we examine the linear
inflation contract. Section 5 compares the inflation target with the linear contract. Section 6
considers quadratic contracts. Our conclusions are given in Section 7. The appendices provides the
derivation of inflation expectations in the presence of non-linearities, the optimal inflation target, the

optimal linear contract and the characterisation of quadratic contracts.

2 The Model

We use a standard credibility model [WakB95), Svensson (1997)]. In line with the créitlib

literature output is described by a standard reduced-form Lucas supply function:
y=(m-Em)+e (2.1)

wherey is (the natural log of) output; inflation is denotedrbyand nominal wage contracts signed at time
t-1 are proxied by the private sector's expected inflation gasea supply shock witte[e] = 0 and
E[sz] =g ?. From these distributional characteristics it follows that the log of the natural rate of output is

Z€ero.

The welfare loss of the government (and of society) is given as

L :;EG[(y— y*)2+(n—n*)2] y >0 2.2)

where the government's inflation targetris, and y* denotes the government's preferred value for
output. Given this specification it follows that the government's relative weight of inflation stabilisation
relative to output stabilisation - by convenient normalisation - is unity. This simplifies the algebra without

affecting the generality of results.



2.1 No Delegation of Monetary Policy

Now following Svensson (1997) and Beetsma and Jensen (1997), puitihgticative purposes we first
discuss the benchmark cases of pre-commitment and discretion and then delegation arrangements. This
means that for the moment monetary policy is not delegated to an independent central bank, but set
directly by the government.

Pre-commitment:

Monetary policy involves the choice of the inflation rate, which is assumed to be under the direct control
of the authority who is in charge of monetary policy. The benchmark solution is obtained when the
government is able to commit ex ante to some announced inflation rate. The optimal state-contingent
monetary policy rule is found by minimising equat{@®) subject tq2.1)and the restriction that inflation
equals announced inflation on average. The solution is characterised by the following expressions for
respectively, expected inflation, the variances of inflation and output, and the government's welfare loss

* 1
E°[n] =1, Vam :Zof, Vary = Vam

LS +=0? (2.3)

«2
y
2

NG

Discretion:

As is well known, the policy rule that implié3.3)is time-inconsistent and therefore not credible [Persson

and Tabellini {990)] if implemented by a goverment whose objective function is given by eqgi2atipn

Once nominal wages have been set, the government has the incentive to raise the inflation rate in order to
stimulate output. To satisfy the incentive constraint, the equilibrium inflation rate must be optimal for the
government when it takes wages and thus inflationary expectations as given. The discretionary equilibrium
is found by minimising2.2) subject tq(2.1), taking inflation expectations as given. This yields

EC[n] =1 +y

L® = y*2 +%0§ (2.4)

Expected inflation exceeds the optimal inflation ratey/dyecause of the incentive to create surprise

inflation in order to bring output closer to its target> 0 . Clearly, social welfare is higher under pre-

® The variances of inflation and output are identical to those under pre-commitment.
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commitment than under discretion. Hence, the government may try to improve its utility by delegating

monetary policy to an independent central bank.
2.2 Delegation of Monetary Policy

For theremainder othe paper wassume that actual monetgglicy is delegated to a centrbhnk
that hadull instrumentindependenceut uncertain preferenceslore specificically, we assumihat
the central bank has the following loss function:

L8 = % (y— y*)2 +(1- X)(T[ - )2] (2.5)

where xis a stochastic parameter unobserved by both the government and the g@otate Thus,
the central bank's weight anflation stabilisation is continuously hit bize preference disturbance
term x, which is arandom variable wittE[ ] = 0 andE[x]* = 62. Moreover, it isassumed thakis

independent of , henceE[ex] = 0, and thatx < 1with probability one.

This specification follows Briault, Haldane andnif (1996) andNolan and Schaling1996), and
differs from other authors whdave stressethe role ofimperfect informationabout thecentral
bank's preferences

The timing of events is as follows. First monetary policy is delegated to the central banker. Then
inflation expectations are formed. Next, the supply sheckits the economy and, finally, monetary
policy is selected by setting the inflation rate.

3 The Optimal Inflation Target

We now consider the case of delegation withndiation target This means thahe centrabank no
longer hagjoal independence. Rath#éte governmenimposes itown inflation target for thecentral
bank to adheréo. This is similar tothe situation in the UK where the Bank Bfigland setshort-
term interest ratemdependentlyput where thenflation target (forthis period2.5%) is set by the
government. Under the above arrangements the central bank's loss function becomes

*\2 * \2
® For example, Beetsma and Jensen (1997) constrain the sum of the wei@jnts yn) and (T[ -Tt ) to be

(1+ X) + (1— X) = 2, as in society's loss function, but they assume the relative weights on output and inflation
variances random. Using the notation of this paper, the BJ results are obtained by having

1 * *
L°B = E[(1+ X)(y— y )2 +(1- X)(T[ -7 )2] Our specification has the implication that inflation expectations

for any given monetary regime depend@ﬁ. This allows us to derive results that are very different - and sometimes
the opposite - of their model.



L°F = % (y— y*)2 +(1- X)(T[ —T[b)z] (3.1)

whereTt” is the central bank's inflation target that is chosen by the government.

The central bank sets monetary poliahich involvesthe choice of thenflation rate. Thecentral
bank then set@flation’ so as to minimis€3.1) subject to(2.1), having olserved thesupply shock
and taking inflation expectations as given.

The first-order condition for a minimum implies the following reaction function

n:nb+2ix(y*—(nb—ne+s)) (3.2)

The term(nb -+ s)is the output level consistent with the inflation target. It follows upon

substitutingrt® for mtin (2.1). If y' exceeds this level, the central bank has an incentive to set

inflation above the inflation target.
An important property o{3.2)is that the effects of preference shocks on inflatiomsysmetric To see

this consider the following example.
Settingy - (nb -t + s) =1 andm® = 0, if there isno preference uncertaintymplies that inflation is

0.50%. Now, if x=+ 0.50, inflation increases by 17 basispoint6.67%. However a negative
preference shock of the same size decreases inflation by 10 basisp0in@#0Hence, a positive
preference shock has mandlationary impact than thelisinflationaryimpact of a negative shock.

The above example was constructed fgivanlevel of expected inflation. To solve for private sector

inflation expectations take the mathematical expectation (at tin¢ of equatior(3.2)® This yields

4+0
4-0

X N

e ="+ ®y where ® =

(3.3)

X N

" Cukierman and meltzer (1986) examine the case where the authorities can set the control variable only imperfectly.
Thatis, T, = Tt° + ), , wherey [ N(0,0i) andp indicates a planned variable. We assume that there are no

monetary control errors, that Gi =0.

8 The technical issue here, as we show in Appendix A, is that this involves taking expectations in the presence of non-
linearities.
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It is useful to consider tHiiting value oft® for the case without preference uncertainty

imm=m+y (3.4)

GiaO

Equationg3.3) and(3.4) indicate that inflation expectations are proportional to the output/hiasl the

inflation target imposed by the government, a familiar conclusion in the literature. H@8:8ydiffers in

a significant way fron§3.4), as a result of uncertainty regarding the central bank's preferences. It can be
seen that with uncertainty about inflation stabilisation preferences expected inflation is higher than in the
standard case. The reason is pasitiveshocks tox - more emphasis on output stabilisation -racee
inflationary than negative shocks - more emphasis on inflation stabilisationlisenféationary With

equal probabilities of positive and negative shocks to the central banker's prefeespeesed inflation

will be adjusted upwards and the more so the higher the variance of the shocks hitting the central bank's
preferences.

This can be restated in a more technical way by noting that the expectation of inflation involves the
expectation of @onvexXunction of the preference shock,which will alwayhiggerthan the value of this
function at the (zero) expected value of the preference shock. Hence the channel through which the
uncertainty affects expected inflation is flmmsen's inequality effélt

Realised inflation under a given target follows upon inse(8r8) back into(3.2)

n:ne+W§f _Tlxs (3.5)

It is important to realise thatow monetarypolicy will on averagenot coincide with policy in the
absence of uncertaingbout the centrddanker's preferences. If vget thepreference shock equal to
zero in(3.5), monetary policy vl still react to the degree of preferenaecertainty (through the
variance term i ). Thus, in thigespect certaintgquivalencedoesnot hold. The reason is that the
central banker optimises its policy taking inflatiexpectations as given. Since privagetorinflation
expectations depend on the secamament ofthe distribution ofx (see equatioi§3.3)) so does the
central bank's monetary policy stance.

° However, results do not depend on semetnyof this distribution.

* - 1 *
e E%ZL%T[e +y) +HbE%%> m°+= E(y - (T[b—T[ °+ 8)) This effect is not present in the BJ
- X - X 2

model because they constrain the sum of the weights on output and inflation in the central banker's loss function to be
the same as in society's loss function.



Combining(2.1) and(3.5) yields realised output as

AR 6

From (3.5) and(3.6) it can be seen that inflation andtputdiffer from their expected values when
either x or ¢ differ from their (zero) expected values.

For themoment, assume th#te supplyshock is zeroThen theway the modelworks isextremely
simple.Suppose there is a positive shock to the central bankeferencesr( > 1°). This inplies
that output Wi be above the naturakate. Conversely, ifthere is a negativesalisation of x (more
emphasis on inflation stabilisation) actual inflatioiti lbe lower than expected. Consequentytput
will be below its natural level.

It is important to realise that the inflation surprise (be it positive or negative) is completely unaffected
by thelevel of the imposed inflationtarget. Putdiffferently, the delegation parameter”, has no
effect onhow the uncertaintgbout the centrabanker's preferences is transmittedrifbation and
output. Here weshow that their result continues to hold when privsgetorinflation expectations
reflect the uncertainty about the central banker's preferences (through tHe)term

To see this consider equati¢®.3). A change inTt® changes inflatiorexpectations one-for-one.
Hence, the central banke incentive toset inflation above thetarget is unaffected, because

(Trb -m° +s) in (3.2)is unaffected.

Put differently the choice ofnflation targethas no implicationor stabilisation policy. By inspecting
(3.5) and(3.6), it can be seen that the tenm? does notaffect the deviations of realisethflation
from expectations(n—rre) or outputfrom its (zero) trend. Thus, theariances ofoutput and

inflation areindependentrom the choice of inflation target.
For completeness these variances are

* * 2
(0} 2 2 2 2
Varm = E(y w0y ) vo &“L&@WL&E (3.7)
E 4 E4 4 4
2 OiD 2
Vary = Vam+0; _§+T : (3.8)

To find the optimal inflation target, thegovernment chooses thalue of Ti° that minimisesL®
subject ta(3.3), (3.5) and(3.6).
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The optimal inflation target, denoted Iy is:™

b

=1 -}y (3.9)

As before it is useful to consider tliaiting value of it for the case without preference uncertainty

limm” =1 -y (3.10)

This isthe Svensson (1997) resabout the'inflation target-conservative' central bank where the
inflation target equals the socially best inflation rate less the inflation bias.

If 02 >0, equation(3.9) reveals that it is optimal for the government to impose an inflation target on

the centrabank whichdepends on the degree of uncertamyputits preferences. This is in sharp
contrast to Beetsma and Jen§E®97), whafind thatthe optimal inflationtarget doesiot depend on

the degree of prefence uncertainty and isstme as ithe Svensson (199Wodel. Therefore here -
contrary to BJ - certaintgquivalencedoesnot hold, andmt® does not correspond to tlgtimal

target derived by Svensson (1997) in the absence of uncertainty about central bank preferences.

The intuition behind our result issimple. First, from (3.7) and (3.8) we know that the choice of
inflation target has no effect on the stochastic components of the goverment's loss function. Thus, the
inflation target is cbhsen so as to equakpected inflatiorto the socially desirable inflatiorrate.

Since, expectethflation depends oro? (through @), the optimal inflationtargetalso depends on

0 2. Finally, comparing(3.9) with (3.10) it can be seen that with preference uncertaintyghienal

inflation target is 'stricter' (lower) than the Svenstget.The reason is as follows. As is cldéam
(3.3), central banker uncertaintynplies higher inflation expectations. To offset this additional
inflation bias the degree of 'target conservativeness' has to increase as well.

1 See Appendix B for the derivation.
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4 The Optimal Linear Inflation Contract

Having characterisetthe optimal inflationtarget, we now turn to thease where delegation takes the
form of a simple linear inflation contract. Walsh (1995) has shown thahe ebsence of uncertainty
about centrabank preferences - sucttantractcan remove theflation biasunder discretion tile
still allowing the central bank to react optimally to supply shocks.

Thus, the trade-off betweeamedibility andflexibility as emphasised by Rogo{iL985) and others is
eliminated, and the pre-commitment outcome can be attained.

The contract adds a lineaost to thecentral bank's loss functionLet the added tiear cost to

inflation be fl(T[ - Tr*) , Where f,is a constant.

Then the central bank is assigned the loss function
1 ©\2 «\2 .

L°® = Z|(y - +(1- x)(mt-T1t ]+ TT—TT 4.1
S|=y) +@=-r )|+ (o) (4.1)

The central bank chooses inflation so astoimise (4.1) subject to(2.1) having dserved thesupply
shock and taking inflation expectations as given.
From the first-order condition we obtain the following reaction function:

=T + (y* —(Tf —T[e+£))— f (4.2)

As before, the tern(rr* -+ s)is the outputevel consistent with theocially optimal inflatiorrate

U, i.e. theoutputlevel that followsupon substitutingt” for Ttin (2.1). If y exceeds this level, then
the central bank has an incentive to set inflation above the social optimum.

Comparing(4.2) and (3.2) it can be seen that the central bank's readtiontion under dinear
inflation contract looks very similar to the reaction function undepghienal inflationtarget. In both
cases theeffects of preference shocks orlation are asymmetric with positive shocksncreasing
inflation by more than negative shocks decreasing it. Therévaveliferences. The first is that in
(4.2) the governmenimposed inflationtarget 1i° is replaced by theocially optimal inflationrate.
Secondly, under ariear contractinflation decreases withf,. The reason is that an increase in
f, raises the central banker's marginal loss from higher inflation.

Taking expectations (at time-1) of the central bank's reaction function under a linear contract gives
inflation expectations as

=1 +o(y - ) (4.3)
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where the term® hasthe same meaning as the private sector's forecasting rule undeoptimal
inflation target'®

Pleasenote that, unlike Beetsma and Jensdi997), uncertainty about the centrabanker's
preferences increases inflation expectations. The intuition is similar to the caseutirtia inflation
target. Positive preference shocks are marBationary than negative shocks adisinflationary.
Hence with equal probabilities of positive and negative shocksceegb inflation Wi be adjusted
upwards, and the more so the higher the variance tebm in

From expressiorf4.3) it is clear that inflation is exqeted to exceed its social optimum whenever
y > f,, in whichcase themarginal benefits of inflatioare greater than th@arginalcosts, i.e. the

incentive to inflate dominates the disciplining effect of the contract.
Inserting(4.3) back into(4.2) actual inflation is

=T+ Wﬁy - fl)— % (4.4)

As in the case of theptimal inflationtarget, it isimportant to realise that monetgpglicy does not
coincide with policy in the absence of uncertamiyput the centrddanker's preferences. If vget the
preference shock equal a@ro in(4.4) monetary policy Wl still react to thevariance term in®.
Thus, in thisrespect certaintyequivalencedoesnot hold. The reason is that the centbanker
optimises its policy by taking inflatioexpectations as given. Sinodlation expectations depend on
the variance ofthe preference shocks (throudénsen's inequalitgee expressio®.3)) so does the
central bank's reaction function.

Combining(4.4) and(2.1) yields realised output:

As in the case of theptimal inflationtarget,inflation andoutputdeviate from their expected values
when eitherxor ¢ differ from their(zero) expectedalues.But comparedvith (3.5) and(3.6), the
solutions forinflation andoutputdiffer in animportant aspect: the delegation parametgr now

affects how uncertainty about the central banker's preferences feed into inflation and output.
Here we show that their reswtill holds if privatesectorinflation expectations depend on the
uncertainty about preferences.

12 The derivation is similar to the case of an optimal inflation target, for more details see Appendix A.
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For themoment, suppose that teapplyshock is zero.From (4.2) it can be seen that tl®ntract

affectstheinflation rate throughwo channels. The firsthanneloperatedirectly by increasing the
marginal loss of inflation.Consider anarginal increase irf, starting fromf, = 0. The direct effect
is thengiven bythe term—f /2-x. So this effect isincertain and ultimatelydepends on the
realisation ofx. The secondindirect channeloperates througimflation expectations. Here it is
equal to-®f, (see equatio(®.3))"™.

The combinedlirect and indirect effects ¢fie contractmply thatany deviation ofx from its (zero)

expected value will havemallereffects on actual inflation and output. Thus, with a contract in place
, .e. f,>0, - contrary to the case of aptimal inflationtarget - the transission of preference

shocks to inflation and output is dampened.

Now, consider theeffects of a supplghock. Tharansmission of this shock toflation andoutput is
affected by the preference shock. Consider a posgaksation ofx. This means thahere is more
emphasis omutputstabilisation which increaséise willingness ofthe centrabank to accommodate
supply shocks. Hence, thkeigher xthe more such shocks are gmmed before they pass on to
output. The flipside of the coin is that inflation volatility is less weltared for. Of course, ikis
negative the reversetizie. Then, the centrddank dampentheimpact effect fronthe supply shock
on inflation and output is allowed to fluctuate more.

Under a Inear contract, i.e. if f, >0, it is clear that the role dfluctuating preferences in the

transmission of supplghocks tanflation andoutput issignificantly reduced. Thus, thereillbe less
scope for the central bank to impose its ‘own' preferences on society and distort stalmbsiayiday
‘overstabilising' either inflation or output.

This can also be seen from the expressions for the variances of inflation and output

2
T e_ f 2 2 2 2
vam = Y T8 ror bt ol ol @)
H H
2
0

Vary = Varm + 2—@+$ 2 4.7
y o, 4E?E (4.7)

Through thefirst term onthe righthand side 0f4.6) the contracaffectsthe variability of inflation
and, througt{4.7)), of output.

13 In the BJ model the direct effectdsterministicand - using the notation of this paper - equai-tf; /2. BJ have
no effect from preference uncertainty on expected inflatiofPse, land the indirect effect in their modelisfl.
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To find the optimal linear inflationcontract, thegovernment choose§ so as to minimise.®> subject

to (4.3), (4.4), and(4.5). Usingthe first-order condition, theptimal value off,, denoted by, , is
given by**

fl* = y* (4.8)

This expression reveals that it is optimal to offer a linear inflatmmtract to a centrddankerthat
doesnot depend on the degree of uncertaiatpoutits preferences. This is in shagpntrast to
Beetsma and Jensét097), whofind thatthe optimal linearcontractdoesdepend on the degree of
preference uncertainty.

Please note that our result is 8@me as in Wals{1995) for the caswithout preference uncertainty.

Hence, contrary to BJ for the case ofredircontract,certainty equivalenceoeshold. The valuef,

corresponds to theptimal Walshcontract in theabsence of uncertaintgbout centralbank
preferences.

5 The Linear Walsh Contract versus the Svensson Inflation Target

In this section we compare the outcomes for inflation and output under a Walsh contract with the
outcomes under a Svensson inflation target. In absence of uncertainty about the central banker’s
preferences, Svensson (1997) has shown that the linear Walsh contract is equivalent with the
Svensson inflation target. Both achieve optimal stabilization without an inflationary bias. We will
show that this equivalence no longer holds when disturbances to the central banker’s preferences are

introduced.

Optimal Linear Inflation Contract
Under the optimal linear inflation contract the inflationary bias is eliminated so that expected inflation
is equal to the inflation target (this can be seen #). Thus the credibility problem is solved. To

see how the linear contract performs with respestabilisation policywe need to look at the

variances on inflation and output. By substitutifig- y" into (4.6) and(4.7) we get

05@ 02 oi0
Varm = —=% MR
4 4 16

4 See Appendix C for the derivation.
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ozﬁl o2 o0
Vary= —f£[1-—2X+—=X 51
y 4 1GH (1)

Optimal Inflation Target:

The optimal Svensson inflation target also solves the credibility problem. So in this respect it is
identical to the linear inflation contract. However, its stabilisation properties are different from the
linear inflation contract.

The variances of inflation and output under an optimal inflation target can be found by substituting

™ =1 -y into (3.7)and(3.8). This yields

(5.2)

Comparing(5.1)and(5.2), it is clear that in the presence of uncertainty about the central banker’s
preferences the Walsh contract unambiguously yields a lower variance of inflation and a lower
variance of output than the Svensson inflation target. This means that the optimal linear inflation
contract yields a lower expected loss to the government and, there&iretig superiorto the
optimal inflation target. This result is similar to BJ. However, in their model stabilisation policy
under a linear inflation contract is at the cost of expected inflation beiow/the socially optimal
inflation rate. This trade-off is not present in this paper.

The intuitionbehind thisresult issimple. InSection 3 we showed that with anflation target, the
delegation parametar®, has no effect ohow the uncertaintgbout the centrddanker's preferences
is transmitted toinflation and output. Putdifferently, the choice of thanflation target has no
implicationsfor stabilisation policyThus, thevariances obutputand inflationareindependentrom

the choice of inflation target.
From Section 4 we know that this is no longere under a tiearcontract. WWth the optimal contract

in place, i.e.f, =y, - contrary to the case of aptimal inflationtarget - the transmission of

preference shocks ioflation andoutput isdampened. Because the roleflattuating preferences in
the transnssion of supplyshocks toinflation andoutput issignificantly reduced, thevariances of
inflation and output will be lower than in the case of an optimal inflation target.
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The policy implications of this result are clear. It suggests that - in the presence of uncertainty about

the central banker's preferences - the best institutional arrangement is to grant the central bank
instrument independenead to make iaccountabldor its monetary policy performance by

imposing a linear inflation contract. Moreover, this delegation arrangement has the appealing
property that the optimal linear inflation contracindependentrom the degree of preference
uncertainty. So there is no need for the government (the principal) to make delegation arrangements
conditional on this uncertainty. In other words, the legislator nesdsmformation than in the case

of the optimal inflation target (where the targetesdepend oro %) and still reaps the rewards of

better stabilisation policy than in the case where policy is set by a central bank with an optimal

inflation target.

6. Quadratic Contracts

Even though the optimal linear contract is superior to the optimal inflation target, it does not achieve
the pre-commitment solution. The reason is that the interaction between the supply shocks and
preference uncertainty generates excess macroeconomic variability.

We address this problem by expanding the set of admissable contracts to include quadratic contracts.

A quadratic contract penalises quadratic (squared) deviations of inflation from some target.

Combination of a Linear and a Quadratic Contract
More specificly, to moderate the excess macroeconomic variability under the linear inflation contract

we examine the combination of a linear and a quadratic contract. Let the added quadratic cost to

inflation be fz(n -1 )2, where f, is a constant. Then the central bank is assigned the loss function

12 = X nem )+ (y-y )+ fem) + 2 i) (6.1)

From (6.1)it can be seen that - if, > 0- the quadratic contract is mathematically equivalent to
Rogoff's (1985) conservative central banker. Of course, if this parameter is negative, we have a
liberal central banker.

The optimal delegation arrangement is found in two steps. The first step is to solve for the optimal

linear contract, takingf, as given. The second step is to solve for the optimal valdg. of
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As was shown in the previous section, the variances of inflation and output do not depend on the

parameters of the Walsh contract when the paranfetgeoptimally chosen. Adding a quadratic

penalty on inflation does not change the optimal Walsh contract. Therefore, in this section we have
two independent instruments for two problems. We use the linear penalty term to eliminate the
inflationary bias and we use the quadratic term to minimise the welfare loss to society caused by the
variance of inflation and output. The quadratic term then brings a trade-off between the variance of
inflation and the variance of output as is well-known from the Rogoff model. From Appendix D it

follows that the optimal combination of a linear and a quadratic contract is

. . 90?2
" =y 0<f; <=t (6.2)

Thus, in order to mitigate excess macroeconomic variability - due to the interaction between supply
shocks and preference shocks - the linear Walsh contract needs to be augmentednsehvative

central banker. This result was first found by Herrendorf and Lockwood (1997). Here we show that
their result - which follows from information asymmetries between a monopolistic trade union and the
political principal with respect to productivity shocks - continues to hold in our settifige Walsh
contractcumconservative central banker result is also found by Beetsma and Jensen (1997). Thus,

the Herrendorf-Lockwood result appears to be very robust indeed.

Combination of an inflation target and a quadratic contract

As was shown in the previous section the optimal inflation target performs worse - in terms of social
welfare - than the optimal linear contract. More specificly, because the inflation target has no effect
on the transmission of uncertainty about the central banker's preferences to inflation and output,
macroeconomic variability is higher than with an optimal linear contract. Thus, social welfare with an
optimal inflation target will be even further away from the first-best pre-commitment outcome than in
the case of a linear contract.

To mitigate this sub-optimal volatility, we now consider a combination of an optimal inflation target

and a quadratic contract. Under this delegation scheme the central banker minimises

!5 As can be seen in Appendix D, the combination of an optimal linear Walsh contract and a quadratic contract gives
the Rogoff result that the variance of inflation decreasesfwtthereas the variance of output increases figfor

02 sensibly small).
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LCB:1;2)((.’_[__’_[[3)2+%(y_y*)2+f_22(n_n*)2 6.3)

As before, the optimal delegation arrangement is found in two steps. The first step is to solve for the
optimal inflation target, takind. as given. The second step is to solve for the optimal valige of

As was shown in the previous section, the variances of inflation and output do not depend on the
inflation targetrt®. Thus, adding a quadratic penalty on inflation does not change the optimal

inflation target. This means that, - as before - we now have two independent instruments for two
problems. We use the inflation target to eliminate the inflationary bias, and we use the quadratic
contract to minimize the welfare loss to society caused by the excess macroeconomic variability.
From Appendix D it follows that the optimal combination of an inflation target and a quadratic

contract is
=T —dy, > (6.4)

From(6.4)it follows that the Svensson optimal inflation target (which already depends on the degree
of preference uncertainty), also has to be augmented with a conservative central banker. Moreover, in
Appendix D we show that now the central banker has to beravesm conservativerhe additional

variance that the inflation target generates, compared to the Walsh result, can unambiguously be
reduced by making the central banker more conservative. This explains why the central banker has to

be even more conservative when he is assigned a Svensson target instead of a linear Walsh contract.

7 Concluding Remarks

In this paper wehave investigatethe effects of uncertain central bank preferencestieroptimal
institutional design of monetary policy. We have studied thighé context of anodel thatgoes
beyond 'pure’ uncertainty. This means that we have retareBeetsma angenser{1997) restriction

that the central banker's preference uncertainty has no effect on private sector inflation expectations.
As shown in the papehis implies thatmonetary policy Wl on averagenot coincide with policy in
theabsence of uncertainty. In thisspect certaintgquivalenceloes notold. The reason is that the
central bank optimises its policy, takimdlation expectations as given. Since privaeztorinflation
expectations now depend on the degree of preference uncerfia@ntg the variance of the
preference shock) so does monetpojicy. Hence,through the expectationshannel, preference
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uncertainty now hasystematic(as opposed to transitorgffects on policy. Themplications of

allowing the uncertainty to play a bigger role are substantial.

First, theoptimal inflationtarget thathas to be imposed ahe central banker now depends on the
degree of preference uncertainty, and has tetioeter (lower) thehigherthe uncertainty. The reason
is that central banker uncertainityplies higher inflation expectations. To offset this additional
inflation bias the degree of 'target conservativeness' has to increase as well.

This is in sharp contrast to Beetsma and Jensen (1997), who find that the optimal itsftggoiloes
not depend on the degree of preference uncertainty andsaitie as ithe Svensson (199model.
Therefore inour model - contrary to BJ - certaingguivalencedoesnot hold, and theoptimal
inflation targetwith uncertain central bank preferenal®sesnot correspond to theptimal target
derived by Svensson (1997) in the absence of uncertainty about central bank preferences.
Further, for the case of the Walsh contractfiwe that it isoptimal to offer a linear inflatiooontract

to a central banker that doest depend on the degree of uncertaiabputits preferencesAgain,

this is in shargontrast to Beetsma and Jen§E®97), whofind thatthe optimal linearcontractdoes
depend on the degree of preference uncertainty. élereesult is thesame as in Wals(l1995) for

the casewithout preference uncertainty. Hence, contrary to BJ for the case okar diontract
certainty equivalencdoeshold, and theptimal linear inflationcontractwith uncertain centrabank
preferences iglenticalto the optimal Walsh contract in the absence of uncertainty about central bank
preferences.

Next, comparing the linear Walsh contract and the optimal inflation target, we find that the optimal

linear inflation contract yields a lower expected loss to the government and therefdotlys
superiorto the optimal inflation target. This result is similar to BJ. However, in their model
stabilisation policy under a linear inflation contract is at the cost of expected inflatiorbbénghe
socially optimal inflation rate. This trade-off is not present in this paper.

To conclude, wdind that incase of uncertain central banker preferencesofitenal delegation
arrangement is a combination of a lingaitation contractand aquadratic contract.Here the
guadratic contract igquivalent to a Rogof{1985) conservative central banke&gain, this is
different from Beetsma and Jengd®97), whafind that a combination of a linear inflati@ontract,
aninflation targetand a quadratic contract performs best.

The policy implications of this result are clear. It suggests that - in the presence of uncertainty about

the central banker's preferences - the best institutional arrangement is to select a central banker that is
more inflation averse than society, grant the central mmtkument independenemd to make it
accountabldor its monetary policy performance by imposing a linear inflation contract. Moreover,

this delegation arrangement has the appealing property that the optimal linear inflation contract is

independentrom the degree of preference uncertainty. Thus, there is no need for the government
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(the principal) to make delegation arrangements conditional on this uncertainty. In other words the

legislator neediessinformation than in the case of the optimal inflation target (where the thrgst

depend oro 2) and still reaps the rewards of better stabilisation policy than in the case where policy

is set by a central bank with an optimal inflation target.

Appendix A Private Sector Inflation Expectations

Optimal Inflation Target
Taking expectations across expresg®2).

E(m) = E%Z_ixﬁne +y) +nb5%%§ (A1)

This expression requires us to take the expected value of ratios of random variables. This can be
achieved through a Taylor series expansion.
Our problem is to expangi(z) = x/ y about the respective means. Assuming that the first two

moments oE(x/y) exist we can write down the expression

Eﬁéﬁzﬁ— 1 covix, Y1+ E% varfy (A.2)
Wy My n

Y

This is the (second-order) approximation used in the paper, therefore we can write

1 4+0°2 -xg 4-0?
E = X and EE; = X A.3
ﬁz—xﬁ 8 —xﬁ 8 (A-3)

So substitutingA.3) in (A.1) and rearranging gives

4+02 .
ne:4_g;.y +11° (A.4)

X

which is expressio(8.3)in the text. Again, it is clear that a$ — Othe first part of the expression

on the right hand side collapses to unity, éhdl) is equivalent t@3.4).

Linear Inflation Contract
The derivation of private sector expectations for the case of a irilgdion contract issimilar to the
case of an optimal inflation target (see above).
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Appendix B The Optimal Inflation Target
Sincethe choice ofinflation target does noa&ffect the stochastic components of the governments
expected loss, its problem is

. |:1]- e * 2|:|
Min EGE(H -1 ) = (B.1)
subject to
=1+ oy (3.3)

The first-order condition (FOC) for minimisir(§.1) with respect tat® is

(T[e—T[*)g;:: :(T[e—n*):O (B.2)

It follows that the FOC can be written as
=1 (B.3)
Substituting(3.3) for 11°yields

b

T =1 -y (B.4)

which is equatior§3.9) in the main text.
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Appendix C The Optimal Linear Contract

The governments problem is

. M, . a2 1 0
I\/IflmEGg(n -1 +E(Vam+ Var;ba

subject to(4.3), (4.7)and(4.8)

The first-order condition (FOC) for minimisir{.1) with respect tof, is

orn® 10dVarmt oVaryl
+ + =0
of, 2 of, of, O

EC (Tre —n*)

Substituting forrt® from (4.3) and using thadmt® / of, = -® we get

o 10varm  odVaryl_
ES(-(y fl))”ng o o 5 °

dvary _dvVary gvarmt _ dvary

Then expanding as
of, oVarmt  0f; of,

and rearranging we get

. [dVarm_
Ve

ovarm _ —o3(®+1)(y - )

Finally, using that fron{4.7
y g n{4.7) o, 2

the government's FOC can be written as

[Bd? +2(1+ P)o 2 [y .
- (8 Jo ay—fl):o

It can be easily seen that the optimal linear contract then is

(C.1)

(C.2)

(C.3)

(C.4)

(C.5)
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=y (C.6)

which is equatior{4.8)in the main text.

Appendix D Quadratic Contracts

Optimal quadratic contract with optimal Walsh contract

2 O 2 4
Varrm = > HL+ 30, Ox 4%+ (f +2) 5 (D.1)
f+2 (f,+2)° (f,+2 (f+1(f+2 )
2 U 2 2f +1)0 0'4 [l
Vary = 2 D.2
W e Ty e 0:2)
The optimal value fof, is found at
60> 60>
f. = X + X =G(f D.3
2 (f2+2)2+3_')'§ (f2+2)((f2+2)2+33§) ( 2) ( )
2
Since,G(O) = 430:;52 ,G(0) =0, andG is monotonically decreasing ify, there is a unique
solution to(D.3).
Optimal quadratic contract with optimal Svensson target
Var o? O 302 ot O, o?(f, +2) (D.4)
= :
(f2+2)2§ (f,+2) f+24% (f+1(f+2 )2
2 [ 4 [
Vary = 2 2 %fz +1)2 ( )0 — 2 %4' (f +2) 2 (D.5)
(f2+2) (f +2 ((f +1(f +2) -0 )
The optimal value fof, is found at
a2y?(f, +2)((2f, + J(f, + 2 +o?
f, = G(f y(t+2) (( AU ) (D.6)

o?((f, +1)(f, + 2 -02) (. + 2 + 32)



24
Comparing(D.6) to (D.3) it is clear that the solution {®.6) is found at a higher value fd . So we

need a more conservative central bank under a Svensson inflation target than with a linear Walsh
contract.
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