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ABSTRACT. A prominent solution to the time inconsistency problem inherent
to monetary policymaking consists of delegating monetary policy to an inde-
pendent central bank by an appropriately designed inflation contract or target.
This paper shows that delegation is not a solution to this problem: optimal del-
egation requires commitment and is not time-consistent, while time-consistent
delegation is suboptimal. We prove these results formally in two popular mod-
els of monetary policy: a backward- and a forward-looking one. Introducing
costs of reappointing the central banker can only solve this problem if the gov-
ernment is infinitely averse to changing central bank’s contract. Our results
have immediate implications in terms of (i) explaining inflation performance;
(ii) giving a more prominent role to central bank independence and reputation
building in fighting inflation.
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"We conclude that there is mo way control theory can be made applicable to
economic planning when expectations are rational.”(Kydland and Prescott (1977),
Abstract, emphasis in original).

The optimal design of domestic monetary institutions has been the focus of an
impressive amount of literature over the past three decades. A large part of this
literature is concerned with solving the ’time inconsistency’ problem of monetary
policy, first identified by Kydland and Prescott (1977). The basic insight is very
simple: an authority conducting monetary policy cannot commit -with respect to
a rational private sector- to follow an optimal state-contingent policy rule since
it has an incentive to deviate after expectations are formed. The time-consistent
equilibrium that will arise will be one where policy is chosen discretionarily, and
is suboptimal from the society’s point of view. For example, when the socially
optimal rate of output is higher than the natural one due to some real distortion,
the government would stimulate output by ’surprise inflation’. This trade-off has
been explored by Barro and Gordon (1983a,b) and is known as the ’inflationary
bias’ of monetary policy. Moreover, the more recent literature has found that the
gains from monetary policy commitment go well beyond the initial elimination of
this 'average inflation bias’. Specifically, in models where shocks give rise to a trade-
off between the variability of inflation versus output, Lockwood (1995), Svensson
(1997) and Clarida, Gali, and Gertler (1999) find that (independently from the
inflationary bias) a stabilization bias also emerges in the absence of commitment: in
response to shocks creating this trade-off, there is too much output stabilization and
too little inflation stabilization in the time-consistent, discretionary equilibrium.
Importantly, all these papers demonstrate that even when the inflationary bias
is absent (e.g. because the government targets the natural rate of output), the
stabilization bias remains and gains from commitment occur even when the inflation
bias is absent (see also Woodford (2003) for a recent review)'.

A prominent way purported to solve the time inconsistency problem is found
by Walsh (1995) and Persson and Tabellini (1993) in a static framework. It consists
of delegating monetary policy to an independent central bank, e.g. by means of
an ’optimal contract’ provided by the government®. This optimally designed con-
tract induces an incentive scheme to the central bank (as e.g. linear penalties for
excessive inflation) that makes it, despite acting discretionarily, implement the op-
timal policy as the unique dynamically consistent equilibrium?®. These results have
been extended by i.a. Lockwood (1995) and Svensson (1997) to a backward-looking
dynamic context featuring an endogenous state variable, showing that optimal con-
tracts can eliminate both the inflation bias and the stabilization bias. More recent
research in the forward-looking 'New Keynesian’ vein, such as Jensen (2002) and

T Although similar in implications, the stabilization bias is different according to whether the
structural model is backward-looking (as in Lockwood and Svensson) or forward-looking (as in
Clarida et al and Woodford). We cover both cases.

2Barlier delegation schemes, such as Rogoff’s 1985 proposal to make the central bank more
inflation-averse than the government, do not solve the time inconsitency problem since they induce
a tradeoff between reducing the average inflation bias and inducing a suboptimal response to
shocks.

3Svensson (1997) shows how these contracts can actually be thought of in terms of real-world
inflation targeting regimes (such as those of New Zealand, Canada, Sweden, UK and others),
whereby the central bank is assigned a lower inflation target than society’s.
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Walsh (2003), has also studied institutional design as a way to ameliorate the sta-
bilization bias that occurs in that framework.

This paper shows that optimal delegation schemes deemed to solve time incon-
sistency are subject to exactly the same time inconsistency problem as optimal
policy. The incentive to deviate from optimal policy could only disappear when it
comes to delegating if something -such as a Deus ex machina in a Greek tragedy-
made the government implement an optimal policy, which was not compatible with
its incentives in the first place. We solve for the -time consistent- delegation pa-
rameters chosen by the government recursively based on its rationality, and show
that these are different from the ’optimal’ delegation parameters in an intuitive
way. Specifically, the contract that the government chooses optimally in our setup
leads to implementation of the discretionary equilibrium, which is consistent with
government’s initial incentives. While optimal delegation is indeed desirable, noth-
ing insures its implementability. Whether the government is subject to a time
inconsistency problem or not is independent of whether it chooses monetary policy
directly or it designs an incentive scheme for the central bank to which it delegates
policy. Moreover, this finding is independent of whether the structural model is
backward- or forward-looking. Finally, we show that making it costly for the gov-
ernment to revise the institutional arrangement does not solve the problem, but
merely postpones it.

Our results echo the original message of Kydland and Prescott and have im-
mediate implications. FEmpirically, they question the alleged causality between
‘inflation targeting’ regimes and the success in fighting inflation. Theoretically,
they imply a stronger case for central bank independence and a more prominent
role for reputation building as a way to achieve a desired low-inflation equilibrium.
It should be noted that while our results are reminiscent of a verbal argument
put forth by McCallum (1995) and formalized by Jensen (1997), a few important
and subtle differences are apparent in both substance and interpretation. Firstly,
while both McCallum’s discussion and Jensen’s analysis imply that the optimal
contract will not be enforced, our results are stronger: optimal delegation is not
time-consistent, and therefore will not be chosen in the first place; indeed, equi-
librium -time-consistent, subgame perfect- delegation takes the form that would
ensure implementation of the suboptimal equilibrium. It is in this sense that we
view our results as supporting central bank independence and reputation building.
Secondly, McCallum’s argument is entirely verbal', whereas we present a formal
proof in two dynamic models featuring both an (average and state-dependent) in-
flation bias and a stabilization bias. Thirdly, whereas McCallum’s discussion and
Jensen’s analysis pertain to solving the inflation bias problem in a static model,
our results apply more generally to models in which gains from commitment occur
despite the absence of an inflation bias® ; specifically, both our models contain a
stabilization bias: one is backward looking and contains an endogenous state, while
the other is forward looking. Finally, while we derive our results in models of mon-
etary policy, the main idea is very general; the same intuition would carry over to

4Jensen (1997) formalizes McCallum’s argument, but he also focuses on enforcement of the
optimal contract, and not on the time (in)consistency of delegation. Moreover, his model is also
static: enforcement is just another stage within a period game that is repeated over time, and the
only distortion is the average inflation bias.

SBlinder (1997) argues convincingly that policymakers do not try to push output above the
natural level, and hence the inflation bias is simply not a problem.
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any model in which there is a time inconsistency problem and delegation schemes
have been proposed as a way to solve it (see Persson and Tabellini (2000) for a
review of the literature).

In the remainder we proceed as follows: Section 1 solves for the commitment
and discretion equilibrium in a backward-looking model with an endogenous state
variable (a dynamic version of the Barro-Gordon model). Section 2 finds the opti-
mal delegation parameters (specifically, inflation contract) and claims that optimal
delegation is, just as optimal policy with commitment, time inconsistent. Section 3
substantiates this claim, modelling the delegation stage explicitly. First, we show
that optimal delegation only occurs under the assumption of commitment; then, we
solve for ’time-consistent’ or ’subgame perfect’ contracts and show that they lead
to the suboptimal discretionary equilibrium. Section 4 extends these results to a
forward-looking New Keynesian model. Section 5 studies whether costs of changing
the contract can alleviate the problem and Section 6 concludes.

1. Commitment and discretion in a dynamic backward-looking model

The first model we use is a dynamic version of the Barro-Gordon (1983a,b)
model that incorporates autoregressive dynamics (persistence, or "hysteresis’) in
output and hence features an endogenous state variable®. This has strong impli-
cations for the delegation problem, as the optimal delegation parameters become
state-contingent (these issues are studied in detail e.g. in Svensson (1997) or Lock-
wood (1995)). In this Section we just reproduce the main results in our context for
future use. We assume, following the aforementioned studies, that the expectations-
augmented aggregate supply curve is:

(1.1) Y = pyr—1 + o (me — ;) + &

In the above, y; is the log of output, 7, is the inflation rate, 7§ the inflation expected
by the private sector and &; an iid supply shock with mean zero and variance o?.
The natural rate of output has been normalized to zero for convenience, hence
can be regarded as deviations from the natural rate. p is a constant parameter in
the [0, 1) interval capturing autoregressive dynamics in output. Suppose the private

sector forms inflation expectations according to the rational expectations rule:
(12) 7'('2i :E[’]Tt | Ft—l] EEt_lﬂ't

The E .| F¢1] is the conditional expectation taken with respect to the informa-
tion set f;_1, containing all the information available at time ¢ — 1, i.e. F;_1 =
{yi,m,si,p,a}z;i. Equation (1.1) will act as a constraint on the state variable
in the future period, of the form: 1 = I'“(y;_1,). In the commitment case
(to be discussed below), both equations (1.1) and (1.2) act as constraints, i.e.
Ye = [(yi—1,61).-

The government’s preferences are identical to those of society’s and are assumed
to concern inflation and output deviations from some optimal levels. Following the
literature, these are supposed to be given by the following period loss function,

6Persistence in output or unemployment, or ’hysteresis’, is a well-known stylised fact (see
Blanchard and Summers, 1986). Theoretical models can be built in which this result is explained
(a review of this research can be found in Lockwood and Philipopoulos, 1994).



DEUS EX MACHINA: THE INCONSISTENCY OF OPTIMAL (MONETARY) DELEGATION* 5

where (7*,y*) is the socially optimal equilibrium and A the weight on output sta-
bilization”:

1 2 2
(1.3) Ly =5 |(me = 7")" + Ay = y")

Note that the assumption that y* > 0 (which is the natural rate) gives rise to the
inflation bias described before. Suppose further for simplicity that the government
can perfectly control the inflation rate and that the timing of events at each ¢ is as
follows: (0) either government commits to an optimal rule or delegates policy to an
independent central bank, depending on the cases considered below; (i) expectations
7§ are formed by (1.2); (ii) shocks e; are realized; (iii) 7 is chosen, if commitment
has not taken place previously; (iv) y; is fully determined.

When at (0) the government commits to a state-contingent optimal rule
the policy is a solution to the problem:

S,
t=1

(1.4) inf E,

= v (yo,€0),
(b} (5o, o)

s.t.(1.1), (1.2), (1.3).

Note that due to commitment the government can be regarded as choosing the
inflation expectations since these are determined at (i) by government’s decision
at (0). Note that in this case uncertainty is not resolved when decision is being
taken and the dynamic constraint correspondence (function) is y: = I'“(ys—1,&t),
comprising both (1.1) and (1.2). The Bellman equation associated to problem (1.4)
is (where a superscript 'c¢’ stands for ’commitment’ throughout):

(L.5)

v (Y1) = {mi}n{fwe}Etfl [; {(m — 1)+ A (g — y*)Q} + pv° (yt)} ,s.t.(1.1), (1.2).

We substitute constraint (1.1) directly into the loss function, and attach the La-
grange multiplier 0; to (1.2) to get the first order conditions for the right-hand side
of (1.5) (do not assume a functional form for v¢(.) for the moment), with respect
to m; and 7§ respectively :

0
m— (- y) + a2 g — o
t
—Fi_4 )\Oé(yt )+O(ﬂ a(yt):| +6;, = 0.
Yt

Eliminating the Lagrange multiplier we obtain:

(yt)

Yt

¢ (y1)
Oyt
and taking expectations of (1.6) at ¢ — 1 we pin down expected inflation:

(1.6) ¢ —7" + A (yr — )+a,6’ —Ei, [)\a (ye —y*) + ocﬁ =0,

my =T
In order to solve for the Bellman equation we guess that the value function is
quadratic (as the problem is lineaur—quaudratic)7 ie.

v° ()

a C C
(1.7) v () = 70+“/1yt+ yt,henceTyt:”yl + VoYt

2

TThis loss function can easily be derived from the utility function of the representative house-
hold in a fully microfounded model with imperfect price adjustment - see e.g. Woodford (2003).
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Substituting (1.7) and the expressions for y; and 7§ into the first order condition
(1.6) we obtain the optimal state-contingent policy rule with commitment (taking
the value function as given):

__a@+pBrs) |
L+a?(A+575) "
Substitute (1.8) into (1.1) to get the state variable equation:
1

1+ a2 (A + 675
Now the functional Bellman equation can be solved by substituting in (1.5)

the value function (1.7) and 7§, y§ obtained above and identifying coefficients on

yi—1,y2 ; and the constant. However, as we are only interested in ; and -y, we

use the Envelope Theorem on problem (1.5); i.e., since (7§, yf) is a minimum and
y:—1 can be treated as a parameter we have:

ov (yp—1 OLy (76, yf¢ ove (y¢
8:(;11) - E,_, 8:(%:1%) 18 82#(?;)
M +r5ue-1 = Ea[pA((we —y7) + B (V1 +v5u)] =
7T+ 51 P NYe—1 = pPAY* + Bpyi + Bp Y5y
Identifying coefficients and solving for ~,,v, we get:
e P o PP
1= my » V2 = 1—75/)27
and substituting in (1.8) we get the optimal policy rule under commitment®:
a
14 N2 — ﬂpQEt'

This equilibrium is, however, not time consistent: the policymaker has in-
centives to deviate and stimulate output by inflating. The policy rule consistent
with the incentives of the government can be obtained by solving for the Markov
Perfect Equilibrium (see e.g. Fudenberg and Tirole 1991) or discretionary
equilibrium. In this situation, at stage (0) nothing happens, and the government

minimizes the loss at (iii), after shocks are realized and expectations are formed,
taking expectations as given:

o0
ZﬁtilLt
=1

(1.8) Ty =m"

(1.9) Yi = pYr—1 + )3t~

(1.10) Ty =m"

(1.11) nf Ep

{im} = v (yo,€0),

s.t.(1.1), (1.3), 7§ given.

The Bellman equation associated with problem (1.11) is (a ’d’ superscript
stands for ’discretion’):

(1.12) v (g_1) = Ei inf {2 [(m — T A (e — y )2} + Bt (yt)} ,s..(1.1),
Tt

where the inf operator has been moved inside the expectations operator because

when minimisation is done the supply shock realization ¢; is known. The first

8This is indeed a solution as the conditions of the stochastic verification principle (cf. Theo-
rem 9.2 and Exercise 9.4 in Stokey and Lucas, 1989, Theorem 1 in Montrucchio, 2002) are satisfied
in this simple case (shocks e¢ are iid with finite variance).
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order condition with respect to 7;, assuming a quadratic value function v¢ (y;) =
V6 + 1y + 57, is:
(1.13) m— 7+ a (B = A) + (B8 +A) e = 0.

Taking expectations at t — 1 of (1.13) we obtain expected inflation as a function of
the value function parameters under discretion:

(1.14) T =1 —a (] = \y) —ap (BYS + N) g1

We can already state a general result by comparing (1.14) with expected inflation
under commitment: the ’inflation bias’ of the discretionary equilibrium features
both an average term (second term in (1.14)) and a -state-contingent- term depen-
dent on past output realizations (third term in (1.14)). Substituting (1.14) back
into the first order condition (1.13) and using (1.1) we get the discretionary policy
rule and hence output for a given value function:

o ()\ + 5’)’%)

1.1 d  _ * d ®\
(L.15)r} T 0‘(5’71 )\il/) 1+042(/\+5’Y§

)Et —ap (BY4+ ) ye—1;

1
L+a2(htpd) "

Taking into account that (ﬂf,yf) is a minimum, y;_1 is a parameter when min-

yl = ppa+

imisation is done and now it affects ¢ and 7¢, we apply the Envelope Theorem to
(1.12) to get:

v (Ye—1) — B, 0Ly (W?aytd) +5avd (yf)
Y1 0Yi—1 0Yr—1
=1+ Y41 = Bt [—ap (B4 + N) (me — 1) + pX (ye — y*) + Bp (0] +v59¢)]

Using (1.15) to substitute the obtained solutions for ©¢,y¢ we obtain:
(1.16)

Y5yt = p (871 = Ny") [L+a® (875 + A)[+[1+a® (645 +2)] p? (875 +A) v

Identifying the coefficient on y;_; in (1.16) we get a second-degree equation in ~§ :
a?p?B% ()" + (2020%BA + p*B — 1) 74 + p*A (1 + %) =0,

whose solutions are:

. 1-22%p"BA-p*B+ \/(pw —1)* — 402p2B)

T 20202 |

The solutions v$ . are real if the existence condition

(pQﬁ — 1)2 —4a%p*BA >0

1-20°p*BA—p*B—1/(p*B—1)* —4a?p2 BA
2(12/)252 ?

denoted from now on as v4°. Given a solution for 74, a solution for 7¢ is obtained

is satisfied. The relevant solution is 74 =

9As this satisfies the verification principle condition tlim BtEq [vd (yt)}, it is sufficient: this
— OO
describes the unique value function. The other solution would necessarily violate the above
condition.
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by identifying the constant term giving;:
_ a?p(Byg+A) Ay
1—a2pB (875 + A)
Substituting back these values we get the discretionary policy rule and output as
in (1.15) as functions of the initial parameters. Note that since 7§ is different from

~5, the inflation solution features also a stabilization bias (shock stabilization is
sub-optimal, by looking at coefficients on &;).

V% =

2. Optimal contracts and their implementability

We are now in a position to reproduce the standard result concerning optimal
delegation in a dynamic model (see e.g. Svensson (1997)), although our framework
is slightly more general, as discussed below!’. Suppose that at stage (0) the gov-
ernment delegates monetary policy to an independent central bank by means of a
linear contract in inflation:

Cy=ci(me—7").
Then, at stage (iii), the central bank will face the loss function (1.3) plus the ad-
ditional linear term in inflation above and will minimise this new loss function
discretionarily. The question this literature asks is how to implement the commit-
ment equilibrium (y¢, 7¢) with discretionary policymaking by optimally designing
the ¢4, i.e. the marginal penalties (rewards) for additional inflation!!. Tt turns out
this is indeed possible for some value of ¢;. Note that ¢; will not be constant (a con-
stant contract is suboptimal in the dynamic setup) but will be a function of shocks
and past output ¢ (y:—1,€¢) . Now suppose delegation has taken place at stage (0)
and the central bank minimizes the new loss function L, (.) + C taking delegation
as given. We solve for the equilibrium as a function of contracts and see for what
value of the latter is the resulting equilibrium identical to the commitment one (the
approach usually taken in the literature to solve for optimal delegation parameters).

As this is still a Markov Perfect Equilibrium the Bellman equation of the central

bank will be (where ’b’ superscript stands for "bank’):

) = B ot [5 [t = w4 A= 70] es(r— 7) B )] . 00)

Assuming again v (y;) = 75 +7y: + 74y? and taking the first order condition we
get:

(2.1) =1 ta (&y? - \) + (ﬁ’yg +A) Y+ ¢ =0.

Taking again expectations of (2.1) at t — 1 we get the expected inflation in this
regime as a function of the expected contract ¢f = F;_jc; under this regime (note
that the expected contract appears as we allow ¢; to be made contingent on &;).

(2.2) (7)) =7 —a (B = \y) —ap (BY5 + A) yem1 — ¢f

1USpeciﬁcally7 we allow the contract to be made contingent upon the exogenous state (shock)
and find that the optimal contract is independent of the shock in equilibrium.

Hgvensson (1997) also presents results for the case with delegation to an inflation-targeting
central bank, i.e. one where 7* in the loss function is replaced with a value 7° and the latter
is object of optimal design. The results are largely the same, although different in this dynamic
case, so we focus on contracts as the essence of the argument is the same.
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Substituting (2.2) back into (2.1) and using (1.1), we get inflation and output under
this policy regime given the value function:

b
(23) 7 = 7 —a (B - M) -4 fogj(t\ivé)vg) er—ap (BY5+A) yia
2 (AN+67%) 1
Tt (A ) Tra? (At )
b 1 « e
Y+ = pY—1+ (et —¢f)

6 p—
14+ a2 (A +B78) Y1402 (A+57%5)
To see precisely which contracts implement the commitment equilibrium, we need
to find the parameters of the value function; we proceed as before by using the
Envelope Theorem, the only additional complication being that we need to take

into account that y;_; influences now also ¢; and cf. Note that by definition and
de _ Ocy
Byti1 _8yti1
y;—1 does not influence y? through the contract and the influence on inflation is as
below). Hence, as before, apply the Envelope Theorem to the Bellman equation to

get:

linearity of the model ¢; and ¢§ differ only by a term in &, so (hence

0 )y [OLi(etat) | Oleni-n)] 00t o)

— Lt-1

0Yr—1 OYs—1 OYe—1 OYr—1
b b b dcy * *
W 4+75y-1 = Ei{l—ap (875 +A) — o 1] (me = 7°) + pA(ye —y") +
Jcy * b ocy b b
(2.4) + (mp — %) = [ap (Brs + A) + lee 4+ Bo (77 + vaye) }
Oy OYe—1

We can already look at the optimal contract. By definition, this should be such
that 7§ = 7* as in the optimal rule. But this can only happen in this equilibrium
if, from (2.2):

(2.5) ¢f =a (M= B) —ap (BY5+ A) ye—1

Using (2.5) and 7§ = 7*, (2.4) becomes after replacing and taking expectations:

W+ V5Ye-1 = PP Aye—1 — pAY" + Byt + Bp A5y,
which gives the same value function as in the commitment case, i.e. (a superscript
’0’ stands for optimal):

pA * _bo c p2>‘

5P—1y Y2 = V2 = 1_6/)2

We need to look at the 'unexpected’ part of the contract, but it is easily seen that
for 42 = ¢ the shock stabilization coefficients in 7% above are the same as in the
optimal rule 7¢, hence the contract need not be made contingent upon ¢;. Note that
in contrast to the literature we did not assume this, but found it by optimality. The
government delegates to the central bank such that the value function of the latter
becomes identical to its own value function when committing. Hence the optimal
contract, such that the commitment equilibrium is implemented in the discretionary
case is:

MW =nt=

a aA
2. - g A Vt>1
( 6) Ct 1— 6py 1— ﬂpQ pyt 1,v =
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A natural question which we have formulated in the introduction arises now:
why would a government that has incentives to deviate from the optimal policy
rule 7§ choose the contract ¢ given by (2.6)? The critical step is taken when
passing from equation (2.4) to (2.5). Clearly, what makes the government choose
a contract leading to w§ = 7* are not its incentives, since these incentives make
it deviate from the optimal policy in the first place (Kydland and Prescott, 1977).
What would make it act as such would be a kind of benevolence or commitment
mechanism that would be hard to justify given that it did not have it before. In the
next Section, we develop this argument formally and show that optimal contracts
can only be obtained -as an optimal choice by the government at the delegation
stage- under commitment; this is precisely the same type of commitment required
to implement the optimal policy rule. We then solve for the ’time-consistent’ (i.e.
credible or Markov perfect) contracts and show that they lead to implementation
of the suboptimal outcome.

3. Government’s incentives: optimal vs. credible (time consistent)
contracts

We model the choice of the contract recursively, based on individual rationality
of the government. Instead of merely assuming the government is a sort of Deus
ex machina that intervenes at the right time by selecting the right equilibrium, we
model explicitly what happens at stage (0). Specifically, at stage (0) the government
chooses the sequence {c;}, its new control variable, given that instrument indepen-
dence has been granted to the central bank. It does so by backward induction, not
only in the sense that the model has to be solved by dynamic programming, but
also because it observes the way the central bank chooses its policy instrument at
stage (iii) in the Markov Perfect Equilibrium we described above. In particular,
(2.2) and (2.3) become the government’s dynamic constraints for the problem:

(3.1) inf B |\ B Le(my (co) oyt ()| = v (yo,20)
K t=1

5.4.(2.2), (2.3)

There are two policy regimes corresponding to this problem, which can be dis-
tinguished corresponding to government’s treatment of expectations, just as in the
original policy problem. In each regime, we state a Proposition (1 and 2 respec-
tively) that relates optimality with time consistency and then we prove and discuss
the implication of each Proposition.

PROPOSITION 1. Optimal contracts require commitment.

The first regime is labeled ’commitment’: the government commits with re-
spect to the other players (central bank and private sector) and hence (3.1) is
solved under an additional constraint, ¢; = E;_1¢, choosing the extra control cf.
The Bellman equation is:

(3.2)

09 (yo—1) = inf By [1 [(wf — ) A (- y*)z] + Bv? (yf)}  5.0.(2.2), (2.3), ¢ = By

{es}{er} 2
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Attaching the Lagrange multiplier ¢, to the rational expectations constraint,
we obtain the first-order conditions with respect to ¢; and cf respectively:
(3.3) (mh —7") +aX (g —y") +aB (] +935) 9 = 0
—B1 [(0® (A +873)) (nf = 7%) +aX (g7 —y*) +aB (7] +5u)] +¢0 = 0

Combining the two constraints we obtain:

(1=a® (A+898) [(#)" = =] =0,

which further implies (as long as 75 1522‘12, which is indeed the case as shown
below):
(Wf )e =7

As shown before, the unique contracts consistent with this expected inflation are
the optimal ones:

cf =cf.
Finally, it can be easily shown that the value functions for the central bank and
the government are such that:

(’7?)6 = (7?)c =15, 1 =1,2.

Therefore, the optimal contracts cf are a solution to government’s choice only
under commitment, cf. The value function for the government when choosing the
contract under commitment (7¢)° is the same as the value function it had when
choosing policy directly under commitment v§; furthermore, this contract ensures
that the value function of the central bank is also the same. It is in this sense that
we view ’optimal delegation’ solutions to time inconsistency as relying upon the
presence of a Deus ex machina.

The second regime we consider is a time-consistent one, without commitment;
the reason to do so is that delegation-based solutions have been proposed as a
substitute for a commitment technology. However, we have just shown that optimal
delegation in fact requires commitment. It is therefore worthwhile to study the
outcome of ’time-consistent’ delegation, insofar as one is interested in studying an
environment without commitment.

PROPOSITION 2. Credible, time-consistent contracts are suboptimal and lead to
implementation of the discretionary equilibrium.

The Bellman equation associated with government’s problem (3.1) is'?:
(3.4)

v (ys_1) = %gf}Et,l B [(wf - 7T*>2 + A (g — y*)Q} + B9 (yf)] ,5.1.(2.2),(2.3)

The first order condition with respect to ¢; is, treating the parameters of the value
function in the central bank’s problem ’yi-’ as given and guessing that v9 (y;) is
quadratic:

1 aA

al

— A b g g
1+a2 (A + B%) (i =) 1+ a2 (A + 673) (v = v7)+B 001 gw)

(3.5) = (m) =) +aX (¥) —y*) +aB (7] +13y) =0

12Note that minimisation is done before uncertainty is resolved.

T 1+a? (A +Bb)

|
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Taking expectations of (3.5) at t — 1 we obtain (using the expression for y? found
in (2.3)):

(3.6) ()" = 7" —a (B = W) — a(A+ B18) pyes
Combining this with (2.2) we find the expected part of the marginal contract, cf :
(3.7) i = aB [(v] =) + (78 —3) pye—1]

Substituting (3.7) back in the first order condition (3.5) we obtain (after some
algebra):

(5-73)
1+a2(A+69) "

(3.8) ¢ =af | (=) + (v =) pye—1 +

Evaluating the expressions 7%, y? from (2.3) at the ¢ found in (3.8) as a solu-
tion to government’s optimisation we obtain the equilibrium inflation and output
conditional upon the time-consistent contract ¢, for a given value function of the
government:

() = 7 —a(By] -\
1

€t
L+a2 (A +B79)

Heuristically, direct comparison of (3.9) with (1.15) shows that the equilibrium un-
der the time-consistent contract would be the same as the discretionary equilibrium
if the value function of the government were the same as the value function under
discretion, v; = 'yf-l. Furthermore, the contract implementing this equilibrium would
merely be ¢f = 0, obtained (by direct inspection of (3.8)) when the value function
of the central bank is identical to that of the government, 7 = v = 4. We now
prove that this is indeed the case, and that this equilibrium is unique.

To obtain the equilibrium, we need to find the parameters of the value function
of the government ~7; we apply the Envelope Theorem to (3.4) to get:

N+ 8ye-1 = Eror {—ap (875 + X) (7 =) + pX (v — y*) +Bp (4] +7890) }
Substituting the values for inflation and output from (3.9) we obtain:
(3.10)
M+13ye-1 = p (8] = Ay") [1+ 0 (B3 + N)]+0% (675 + ) [1 + 0 (B3 + X)] g1
Direct comparison of (3.10) with (1.16) shows that these equations are identical;
therefore, solving for the value function of the government, we obtain:

a(A+B7)
L+a?(A+ 679

)6t —ap (675 +N) yi

(3~9)yf(cf) = pYt—1+

v =~d i =1,2.

This result shows that indeed, the economic equilibrium in terms of inflation and
output obtained under time-consistent delegation (3.9) is identical to the subopti-
mal, Markov perfect equilibrium obtained in the absence of delegation, (1.15):

(3.11) () = iyl (cf) = vt

What is the path of contracts that sustains this equilibrium? Trivially, we know
that the outcome under delegation is identical to the outcome without delegation
if c; is identically zero. We now prove that this is also the unique time-consistent
contract (i.e. the two equilibria are identical only if ¢; = 0). As is clear from (3.8),
in order to find the time-consistent contract we need to solve for the value function of
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the central bank under delegation, 7?. To do so, we use the Envelope condition (2.4)
taking into account that, as we have just shown, v/ = v¢, 7% (¢}) = 7¢, y? (c}) = ¢
and the contracts satisfy (3.8). Substituting all these expressions into the Envelope

condition (2.4), we obtain after some straightforward algebra:

Ny = (B = Ay") a® (Br5+A) +p (8] — Ay*) —®Bp (Bys +A) (0] —11) +
+ [0 (B3 +A) [L+a? (875 +A)] —a®B8p? (875 +A) (75 —73)] 91

Identifying coefficients on y;_1 :

(312) B =p"(Bra+A) [1+0® (B +N)] —®Bp” (874 + ) (15 —5)

This is a linear equation in 74 and hence has a unique solution; furthermore, note

that for 75 = ¢ (3.12) merely becomes identical to the equation determining v§

(obtained by identifying the coefficient on y;_; in (1.16) ). Therefore, 74 = 74 is
the unique solution to (3.12). Moreover, using this result to obtain 7% we obtain:
W =0 (B2 = M) [1+0” (Br5 + )],
which has as an unique solution 7% = 7¢. Hence, we have just proved that the value
function of the central bank when delegated with the time-consistent contract is
identical (up to an irrelevant constant term) with the value function under discretion
- and with the value function of the government when delegating in a time-consistent
way:
v =ai=af i=12
Finally, using this result into (3.8) we obtain the time consistent contract as:

¢l =c¢=0Vi.

Now, this is obviously different from the optimal contracts we solved for before
in (2.6), and in an intuitive way. Our result is just an instance of the government’s
time inconsistency in the first place. The time consistent (discretionary, credible
or Markov Perfect) contracts are different from the optimal contracts in the same
way in which time consistent, discretionary policy was different from optimal policy
(with commitment). If the government is subject to a time inconsistency problem,
we show that this problem exists regardless of whether it chooses policy directly or
the institution that chooses policy. The latter form is probably more subtle but,
under rational expectations, leads to exactly the same outcome. The government
has the same value function as when it chooses monetary policy directly, and now
it effectively manipulates the value function of the central bank; based on its in-
dividual rationality, it chooses that contract that makes the value function of the
central bank consistent with its preferred equilibrium: this penalty is zero.'?

4. Time-inconsistent optimal delegation in a forward-looking New
Keynesian model

For completion, we show that the same problem is binding in a forward-looking
model of monetary policy based on Clarida, Gali and Gertler (1999) and Woodford
(2003). In this model, gains from commitment occur in the absence of an infla-
tion bias because the discretionary equilibrium implies suboptimal stabilization of

131t is intuitive by the same argument that in the case of delegation to an inflation-targeting
central bank, the solution for the inflation target with which the government will delegate will not
be the optimal one, obtained by Svensson (1997). It will instead be just 7*, the target that leads
to the discretionary equilibrium.
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supply (’cost-push’) shocks, and optimal policy requires history-dependence - as
detailed below. We show that the commitment equilibrium could in principle be
achieved discretionarily by optimal delegation through an inflation contract (to the
best of our knowledge, this is a novel result in the forward-looking New Keyne-
sian framework). We then show that, as in the backward-looking model presented
previously, this contract is not time consistent.

Following i.a. the aforementioned papers, suppose that inflation dynamics
obeys the 'New Keynesian’ Phillips curve (the natural rate has again been nor-
malized to zero'!):

(41) Ty = ﬂEt’iTt+1 + RYt + Et

The time-consistent equilibrium is obtained by minimizing the discounted loss
function under discretion (where we have assumed that there is no inflation bias):
1 (oo}
(4.2) L= (7 + M7 + B Y B [n 4 M)
i=t+1

Under discretion, the central bank takes terms involving private sector expecta-
tions as given: namely, SE;m¢11 in (4.1) and the second term in (4.2) are treated
parametrically. The solution is the targeting rule under discretion:

A
(4.3) T+ ;yf =0

Minimization of the loss function under commitment implies taking into ac-
count the influence on private sector expectations, and hence minimizing the whole
intertemporal objective with respect to inflation and output, taking (4.1) as a dy-
namic constraint. The solution, which gives the optimal policy from a timeless
perspective (see Woodford, 2003, Ch. 7), is obtained by attaching a (sequence of)
Lagrange multipliers to the (sequence of) dynamic constraint(s) (4.1); upon elim-
ination of the Lagrange multiplier the first-order condition can be written as an
optimal targeting rule:

(4.4) T + % (vf —yio) =0, t>1
Additionally, we require that 7§ + %xﬁ = 0.Optimal policy implies inertia because
in this model current inflation depends on future expected inflation (see Wood-
ford, 2003 for an extensive discussion)'®. Substitution of the relevant optimality
condition ((4.3) or (4.4)) into the Phillips curve (4.1) would give the equilibrium
outcomes in terms of inflation and output in each case and would illustrate the -by
now- well-known stabilization bias (suboptimal response to shocks) present in the
discretionary equilibrium (see the cited papers for an extensive discussion).

Using the same logic as previously, the commitment equilibrium could in prin-
ciple be achieved under discretion by delegating monetary policy via an inflation

14This boils down to assuming that there are no technology, preference or government spend-
ing shocks.

5woodford argues that policy that is optimal from a timeless perspective is not subject
to a time inconsistency problem: by definition, the policymaler would have wished to commit
itself to this policy at a date very far in the past. However, as Jensen (2002) points out, this
policy still requires a commitment technology. Consistent with our overall focus on environments
without commitment, we study institutional design mechanism that could act as a substitute for
this commitment technology - and lead to implementation of the optimal policy discretionarily.
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contract to a central bank. To the best of our knowledge, this result is novel'®. The
loss function of the central bank becomes:

o0

1 »
(4.5) Ly = 5By ;5t UrE A+ )

The first-order condition of the central bank acting under discretion is:
A
(4.6) 7o + ;yf +c=0
which by direct comparison with (4.3) and (4.4) gives the following Proposition.

PROPOSITION 3. In the forward-looking New Keynesian model outlined above,
the optimal contract leading to the implementation of the (timeless) commitment
optimum 1s:

A
¢l =——Y—1, t > 1.
K
Additionally, we require c§ = 0.

By having the marginal penalty depend on past values of output (gap), this
contract captures the general idea that optimal policy should feature inertia, or
history dependence (see Woodford, 2000, 2003 and Jensen, 2002). The optimal
contract 'works’ intuitively by inducing history dependence: if output gap last
period was negative (for example because of a cost-push shock), it requires an
inflation penalty today. However, a result that mirrors Proposition 2 also holds in
this case.

PROPOSITION 4. In the forward-looking model, credible, time-consistent con-
tracts are also suboptimal.

The time consistent contract is obtained, just as before, by backward in-
duction, solving:

1 o= .t
min 5B B [ (e0) + 2o ()]
“ i=t

taking as given expectations, just as in the original problem under discretion, and
having as constraints the Phillips curve (4.1) and the optimal rule of the central
bank under delegation (4.6). Using the two constraints we solve for inflation of
output as functions of the contract:

K K

Y (cr) = TNt R2 Ct — N1 2 (BE 41 + &)
b ;‘432 A
7Tt (Ct) = _)\+/<;26t+)\+l€2 (6Et7rt+1 +Et).

Substituting in the loss function, the solution to this problem is:

A
ﬂ—g—'— Ey}&) =0,

16 Jensen (2002) and Walsh (2003) have recently studied how alternative intitutional design
schemes (nominal income growth targeting and output gap growth targeting, respectively) can
improve upon the discretionary equilibrium. However, none of these papers focused on either
exact implementation of the first-best or on inflation contracts.
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which implies again:
mi(e) = miyl(e) =y,
g = 0.

As before, the time consistent contract ensures implementation of the suboptimal,
discretionary equilibrium, which does not feature inertia and in which there is
suboptimal stabilization of supply shocks. Therefore, the time inconsistency of
optimal delegation occurs regardless of whether the structural model is backward-
or forward-looking, and of whether there are endogenous state variables or not.
The only condition is that a time inconsistency problem exist in the original policy
problem.

5. Do reappointment costs sustain optimal delegation?

While sometimes the literature acknowledges the possibility of a failure of
enforcement of optimal delegation (e.g. Walsh 1995 footnote 5), the counter-
argument, albeit implicit, is that constitutions are always binding. But that again is
a solution by assumption, let aside that it might not be true in practice!”. Another
way to interpret this argument is that changing institutions is costly, as Jensen
(1997) does when modelling a separate enforcement stage in the game. We now
introduce such costs in our model and study whether they can alleviate the time
inconsistency of delegation.

Suppose the government faces a cost in changing its delegation parameters,
¢t We will model this in two ways: first, consider that the government dislikes
deviations of the contract it chooses from the optimal contract cf. This means
that in a first period it was able to implement this contract, and now, when it
has the opportunity to renege on it, it faces a cost. We model this as a quadratic
cost, not necessarily in monetary terms, but easily interpretable e.g. as a loss of
reputation for financial markets. Then, at stage (0), the government faces the
following loss function, again taking as constraints the choice of the central banker
given delegation:

(5.1) L= ¢ [ =) 2 —0)] + 2 (e — )

For simplicity, we focus on the case without output persistence of the backward-
looking model'® whereby p = 0 and equation (1.1) becomes an usual Lucas supply
curve. As there is no intertemporal constraint the dynamic problem boils down
to minimising period-by period the loss function in (1.3), hence the value function
becomes a constant and the coefficients v, and 7, become identically zero in all
regimes. In this case the optimal contract ¢} is constant, ¢ = Aay*. Substituting
this and the expressions for equilibrium in the central bank problem and minimising
with respect to ¢;, we obtain the following time-consistent contract:

_ (1 +e?N
T1to0(+azn)©

*

c < cf

17Moreover, McCallum (1995) argues that institutions need not bind, giving the most promi-
nent example: the gold standard in the US. Although this has been abandoned de facto a long
time ago, it has not yet been abandoned de jure. Moreover, New Zealand’s 'inflation contract’
has also been changed more than once. See the discussion in Jensen 1997.

18This case is studied in more detail in an Appendix available upon request or in a working
paper version on the author’s webpage.
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For the forward-looking model of Section 4, the optimality condition is:
. 1) (KQ + )\)

cf = —K2+5(I€2+)\)c§ <cf

In either case, the time consistent contract is always smaller than the optimal con-
tract. The intuition is straightforward: as J, the 'reappointment aversion’ parame-
ter, goes to zero, c* is simply 0, the equilibrium contract without any reappointment
costs. As the aversion to institutional change (or the difficulty to implement this)
increases, the equilibrium contract approaches the optimal contract. It is trivial to
see that limgs_,o, ¢* = ¢°. 'Infinite’ aversion to institutional change might sustain
the optimal contract as subgame perfect.

A second way to model institutional inertia is to assume that the government
’smooths’ the contract, i.e. it dislikes deviations of this period’s contract from last
period’s contract (it values institutional stability directly). In this case, the period
loss function is:

1

(5.2) Ly = 3 {(wf - 77*)2 + A (v - y*)Q} + % (¢t — 1)’

By the same method as above, the solution will be a homogenous difference equa-
tion:
ot =ty
where ¢ = 1—[1 + p (1 + a2))] ! for the backward model and ¢ = 1— (k% 4+ p (k2 4+ N)] !
for the forward-looking model. As the coefficient v is less than one in both models,
the solution is stable and the solution is:

(5.3) e =ley

This converges asymptotically to zero, so the contract will in the limit be the Markov
perfect one we solved for before, i.e. ¢f* = 0. Even if governments implements in
the first period the optimal contract ¢y = ¢°, it will follow its incentives and start
to decrease the penalty to its preferred zero level, the speed with which it does so
being dependent on how much it values institutional stability, i.e. on u.The results
for the persistence case would be different but the main intuition should remain.
Reappointment costs do not solve the problem, they merely postpone it.

6. Conclusions

Kydland and Prescott’s insight quoted in the introduction applies as much to
delegation (when viewed as a control problem consisting of choosing the institution
to which policy is delegated) as it does to choosing policy directly. Delegation does
not solve the time inconsistency problem, and is subject to a time inconsistency
problem itself: optimal delegation is not time consistent, while time consistent
delegation is suboptimal. Nothing ensures that the government chooses the optimal
institution, unless it acts as a Deus ex machina does in an antique tragedy; but if
it had this ability it is hard to understand why it does not use it when choosing
policy. We articulated this argument in two models of monetary policy, and showed
that it is independent of whether the structural model is backward-looking (and
features endogenous state variables) or forward-looking.

Normatively, our results imply that the search for solutions to the time incon-
sistency problem should continue. This search should be directed towards ’deep’
ways to sustain commitments, since optimal delegation requires precisely the same
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commitment technology that is required by optimal policy. These could include
solutions based on reputational mechanisms (as e.g. in Stokey (1989)) and infor-
mational imperfections (Backus and Driffill (1985) and Canzoneri (1985)). Another
possible solution is suggested by the very nature of the problem, hinted to by the
sentence cited at the outset of this paper. Since time inconsistency occurs because of
rational expectations, mechanisms based on bounded rationality by private agents
could help sustain optimal policy as a time-consistent outcome (see e.g. Ireland
(2000) for an effort in this direction, building on early work by Taylor (1982)).

Positively, our results question explanations of the recent success in fighting
inflation based on ’better institutions’ having solved the time inconsistency prob-
lem. While the strengthening of central bank independence in developed countries
may have well led to less political pressures, and hence to less inflation, this is
independent of time inconsistency issues; incidentally, central banks that are not
‘inflation targeters’ (most obviously, the Fed) have been successful in fighting in-
flation. Moreover, many authors (e.g. Sims and Zha (2005)) also argue that the
variance of shocks hitting the economy has decreased more generally. Therefore,
to an explanation reading ’the delegation of monetary policy helped solve the time
inconsistency problem, by reducing average inflation (by eliminating the inflation
bias) and inducing better stabilization of shocks’, one can oppose an explanation
that does not involve monetary policy delegation at all. In this latter view, better
inflation performance is a combination of (i) central banks having achieved inde-
pendence (thereby being isolated from political pressures), (ii) having learned that
there is no exploitable long-run inflation-output trade-off and (iii) having faced less
adverse shocks. The results of Sargent, Williams and Zha (2005) give support to the
last two features of this second interpretation in explaining US inflation dynamics
in the post-war period.
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