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Abstract

This paper analyses the effect of limits on fiscal deficits when fiscal policy outcomes depend
on automatic stabilizers and when fiscal rules lack perfect credibility. The model developed,
which includes interactions between monetary and fiscal policy, provides theoretical support for
existing arguments that fiscal rules contracted on a structural deficit will be welfare-enhancing
relative to rules written on the actual deficit. The latter rules would result in a procyclical bias
in fiscal policy, as well as a contractionary bias in monetary policy. Contrary to existing argu-
ments, the model also suggests that rules written on the structural deficit may ultimately be
more credible than those written on the actual deficit. The reason for this is that rules written
on the actual fiscal deficit risk running into a credibility trap; higher marginal penalties will be
necessary when initial credibility of enforcement is imperfect, but announcing a higher penalty
for violating a fiscal rule can actually reduce credibility if the penalty is disproportionately

large relative to the violation.



1 Introduction

Researchers in recent years have devoted a great deal of attention to the idea of establish-
ing rules for fiscal policy in the form of numerical limits on the accumulation of debt and
deficits. Rules have been proposed both to ensure that governments do not accumulate ex-
cessive amounts of debt, and, in contexts such as the European Monetary Union, to address
the problem that individual national fiscal authorities may fail to internalize the effect of their
policies on other member states and on a common central bank. One common criticism of fis-
cal rules is that because they tend to be contracted on the actual fiscal deficit, rather than the
cyclically adjusted deficit, they may induce a procyclical bias in fiscal policy. Fiscal rules will
provide insufficient discipline for governments when economic conditions are favorable while
they will force governments to take an excessively contractionary fiscal policy stance during
recessions. This has long been a criticism of the Stability and Growth Pact for EMU states,
as it has been feared that a firm application of the pact would interfere with the operation of
automatic stabilizers for fiscal policy. In response to this problem a number of authors have
proposed modifying the Stability Pact rules to focus on the structural (cyclically adjusted)
deficit, and such proposals have become more frequent since 2001 in a period of slow economic
growth.! However, it has also been argued that fiscal rules written on the actual deficit may
be more credible, which provides a potential argument for not modifying the Stability and
Growth Pact.

In this paper we develop a model for analyzing the effect of numerical limits on fiscal
deficits when fiscal policy outcomes depend upon automatic stabilizers and when fiscal rules
lack perfect credibility. Our framework includes a monetary authority, a fiscal authority, a
principal who can write contracts with each of these actors, and interactions between monetary
and fiscal policy. This framework can be used to analyze monetary-fiscal interactions within
a single country. It can also be used to draw insights for settings like a monetary union
where there is a national fiscal authority facing a supranational monetary authority, as long as
output and inflation outcomes depend upon choices made by both authorities. We consider

two alternative fiscal rules?: a linear deficit contract imposed on the structural deficit versus a

'For a review see Artis (2002). The European Commission proposed several mechanisms “to improve the

interpretation of the Stability and Growth Pact” in October 2002.
2 A note on terminology is in order. In the monetary policy literature, by ‘rule’ one means a law of motion



linear deficit contract that is imposed on the ‘actual’ deficit and which also includes an escape
clause for severe economic shocks.®> The former rule is an example of a complete contract,
while the actual deficit contract is an incomplete one, since it does not take account of all
possible contingencies (fluctuations in the output gap). We demonstrate that if a verifiable
measure of the structural deficit can be agreed upon, then the structural deficit rule will be
superior to the actual deficit rule in welfare terms, and it will avoid a procyclical bias in policy.

In addition, we argue that rules based on the actual deficit may suffer from a “credibility
trap” that has not previously been identified. One of the implications of including escape
clauses in an actual deficit rule is that it will necessitate imposing a higher marginal penalty
on fiscal deficits than would otherwise be the case. Higher marginal penalties are necessary,
because fiscal authorities will anticipate that there is an exogenously determined probability
that the escape clause will be triggered, and, as a result, even a high deficit will not be
sanctioned. However, it is possible to suggest that the greater the magnitude of the penalties
stipulated in any fiscal deficit contract, the higher the probability that the penalties may
never actually be imposed.* This may be true for the same reason that promising lengthy
imprisonment would be an ineffective tool to reduce parking violations; penalties that are
disproportionate to a violation will lack credibility. We show that under an actual deficit
rule, when the principal who is enforcing a deficit contract has imperfect credibility, then there
may in fact be no equilibrium announced penalty for excessive deficits that would induce fiscal
authorities to implement an optimal policy. Under these conditions, fiscal policy will have an
expansionary bias and, as a consequence, monetary policy will, other things being equal, have
a contractionary bias. Even in the absence of this “credibility trap”, expansionary fiscal and
contractionary monetary policies can result in our model if there is imperfect initial reputation
and a principal over-estimates his own initial reputation when designing rules.

In addition to its normative implications about optimal design of fiscal rules, our model also

provides positive predictions that may be useful for understanding recent events in Europe.

of the policy instrument as a function of relevant variables - an ‘instrument rule’. For clarity, we shall refer
to monetary and fiscal ‘rules’ as constraints imposed on policy authorities at an ‘institutional design’ stage.
For monetary policy this would then lead to an ‘implicit rule’ for the instrument. See Svensson (1999) for

discussion.
3The presence of the escape clause is, as we shall argue, an equilibrium feature of actual deficit rules.
4This is a point that has been previously emphasized by Drazen (2002).



Under an actual deficit rule with imperfect initial reputation we predict that there will be
greater likelihood of an expansionary bias in fiscal policy and a contractionary bias in monetary

policy. We also predict that an actual deficit rule will lead to a procyclical bias in fiscal policy.

2 A Basic Monetary-Fiscal Interaction Model

We begin with a stylized model of monetary-fiscal policy interactions that draws on Dixit
and Lambertini (2001, 2003) and Bilbiie (2001 a, b). The model is used as a simple and
tractable vehicle for investigating strategic interaction between monetary and fiscal policy,
and hence the optimal design of rules restricting the behavior of the two policy authorities.
Our analysis can be seen as dealing with the optimal design of fiscal rules under certain
practically relevant informational problems, given a need for such rules. The model features
real rigidities (in the form of monopolistic competition, e.g.) making the natural rate of output
(employment) too low. It also features nominal rigidities, making monetary policy have
real short-run effects. Fiscal policy can be employed to address the real distortion (e.g. by
subsidising the monopolist), but we assume that due to distortionary taxation, it cannot close
the output gap perfectly; for instance, the taxes used to finance the subsidy are distortionary
(or have deadweight losses), as otherwise fiscal policy alone could be used to achieve the socially
optimal level of output. As detailed below, this will result in strategic interaction between the
monetary and fiscal policymaker. These features result in a reduced-form for aggregate supply
as given in equation (1), where the natural level of output (under sticky prices and monopolistic
competition) is normalised to zero.® Note that fiscal policy can stimulate output even if a fiscal
expansion is anticipated. The variable ¢ is a favourable supply shock, observed when policy
is set, and the variable w is a shock to output that is not observed at the time policy is
set. The coefficient a depends non-linearly on the nature of the fiscal policy one considers: it
could be negative for non-keynesian effects or positive for more standard cases.® Equation (2)
determines the price level, which is influenced by fiscal as well as monetary policy, with the

coeflicient ¢ capturing any such interactions, where the sign of ¢ again depends on the nature

Such a ‘neoclassical’ aggregate supply function could result if a fraction of prices could not be adjusted in

each period, while distortionary taxes make real marginal costs vary beyond variations in aggregate demand.
% Appendix A in Dixit and Lambertini 2001 and 2003 presents a detailed analysis of the microfounded model

delivering the reduced forms here, and of the effects of various policy experiments.



of the fiscal policy one considers in the underlying economy (e.g. a supply-side policy would
actually lead to a decrease in average prices).” The private sector forms rational expectations
of both deficit and money supply as in (3), where the information set {2_; contains past values
of macroeconomic variables as well as values of all coefficients and the distribution of shocks.

This implies that the expected price level is fully determined.

y=af+b(r—7°)+ec+u (1)
T=m+cf+v (2)
m®=FE[m|Q_ /mdfbsv E[f]| Q- /deI)ev (3)

Note that the model we consider is static (aside ‘quasi-dynamics’ introduced by expectations).
This modelling choice has been made exclusively on grounds of tractability. Introducing
dynamics would enrich the channels of interaction between the two policy authorities, but the
point of this paper is that even focusing on the static interactions, there is scope for policy
cooperation, or rather for institutional design to achieve this. Moreover, we then want to
study how various informational imperfections will change the optimal design of institutions.
These points can be made in the present version of the model, and they would be reinforced
by dynamic interactions such as debt sustainability issues, determinacy questions, etc..?

We assume fiscal and monetary policymaking are decentralised, each of the authorities
having preferences represented by the following period loss functions, which differ from the
one derived from social welfare as described below. In order to focus on a case where rules
limiting fiscal and monetary policy may be desirable, we assume that y* > 7 = 0 , where it
is important to note that y¥ produces less than the socially optimal level of output, precisely

because of distortionary taxation. Additionally, we assume y™ > 7, hence the preferred output

"Fiscal policy could influence the price level and/or inflation for a variety of reasons: expected monetisation
of deficits or accomodation of fiscal expansions (due at least to political pressures on the central bank); or if
fiscal policy is non-Ricardian as in the Fiscal Theory of Price Level. See i.a. Sargent and Wallace 1981, Leeper

1991, Woodford 2002.
8 An early paper studying dynamic interactions between monetary and fiscal policy as a dynamic game is

Tabellini (1986).



level of the monetary authority could actually be equal to the natural one (as argued e.g. by
Blinder 1997) or could be larger, reflecting pressures on the central bank to increase output
above the natural rate. The price level targets are not restricted, although one could think of a
setup where the monetary authority has been already optimally assigned a price level target.’
This will turn out to be the case in equilibrium. The relative weight on output stabilisation is

the same for both authorities. This simplifies the algebra with no impact on the analysis.

LF:%[)\(y—yF)Q%—(W—WF)z} (4)
LM:%[A(y—yM)Q—l—(W—WM)Z} (5)

The timing of the policymaking game will differ throughout the paper depending on specific
details, but will be encompassed by the following sequence of moves: (i) rules are imposed
on policy authorities if not specified otherwise (ii) expectations are formed as described (iii)
observable shocks hit the economy (iv) policies are chosen (v) the unobserved shock occurs,
and finally (vi) an enforcement stage occurs where the principal chooses whether to enforce
the rules imposed on the fiscal and monetary authorities at stage (i).

In this model the social welfare function is quadratic in output and the price level, with bliss
points y*, 7*, (f* = 0), where output is at its flex-price perfect competition level (hence there
is no need for fiscal policy) and prices equal the average level of preset prices in the economy
(see Woodford 1999, and Appendix B in Dixit and Lambertini 2001). Here we approximate
these bliss points by y¢, 7¢ which we will refer to as the “cooperative” outcome.'” To solve for
the optimal policy choices we first take the case where at stage (i) there are no rules imposed
on the two authorities, but the monetary and fiscal authorities can cooperate and commit with
respect to the private sector, solving the following expression.

min  ElaL™ 4+ (1 —a) L] s.t. (3) (6)

mhf’me’fe

9Note that in our model inflation and price level targeting are equivalent, due to the repeated nature of the

problem and the absence of intertemporal links.

0By ‘approximate’ we mean this is only second best as it involves the use of the discretionary fiscal instru-
ment. The first best would mean eliminating the real distortion, but we suppose that this is unfeasible given

distortionary fiscal instruments.



The solution to this problem is detailed in Bilbiie (2001a, 2001b) and we reproduce it here. We
abstract for the moment from the presence of unforeseen shocks u. Under these conditions,

the optimal policy mix is given by the following two equations.

1, 1
C C

= - 7

/ ay a5 (7)

c c
m¢ = 71— —y°+—-—v
a a

In these expressions y¢, 7¢ are now weighted averages of preferred levels of the two author-
ities, ¥ = ayM + (1 —a)y" and 7¢ = ar™ + (1 — a) 7. Hence, the social loss would be

approximated by (8).
C 1 C C
L= 5 A=) + (r =) (8)

In this case as long as the two authorities can cooperate it does not matter whether they
can commit in advance to their respective policies. Given cooperation, the cooperative equi-

librium is already time consistent (for a full treatment see Bilbiie 2001a, 2001b). The relevant
intertemporal welfare objective is A = iﬁgl},’;, where i = M, F, ¢!

When we instead consider a case Witf(())ut cooperation (and no delegation for the moment),
the equilibrium is Nash discretionary. At stage (iv) the authorities will solve: mniLnLM and

m}nLF , both taking expectations and the other authority’s strategy as given. Under these

conditions, the policies chosen by each authority in equilibrium will be as follows.

1 1
o= Ey”—ae (9)
m' = w”—Ey”—i—Ea—v
a a

These equilibrium policies are different from the optimal ones, since the values of output and
price level arising are different from the optimal levels.!? In general, when compared to
the constrained optimum there will be a structural deficit bias, and monetary policy will be
excessively contractionary, due to non-internalisation of policy externalities. However, there

is no stabilisation bias, as responses to shocks are identical under the two policy equilibria

YFor most of the cases considered below, the dynamic programming solution to minimising the intertemporal
loss boils down to period-by-period minimisation of the period loss function due to the assumed structure of

the economy.

128pecifically, the Nash equilibrium values of output and inflation are: y™ = yF—i—ﬁ (ﬂ'F - 7TM)+% (yF - yM)

and ﬂ'n:ﬂ'M*E(ﬂ'Ffﬂ'M) 7(1+%)b/\(yF7yM).

a



considered. This is consistent with both empirical evidence and with recent theory (see for
instance Canzoneri, Cumby and Diba, 2002 and Blinder’s comment therein).

We now consider which rules or institutions set at stage (i) could achieve the optimal
policy mix even if the two authorities do not cooperate (and do not commit with respect to
the private sector). We consider the possibility that a common principal could influence policy
by giving a price level target to the monetary authority and a linear deficit contract to the
fiscal authority.!®> In this case, the two independent policy authorities will act discretionarily
and non-cooperatively, minimising the following assigned loss functions (where superscript D

stands for ‘delegated’, and ‘o’ for optimal).

M2 = S o™) (- )2 (10)
LFP = LF 4T, f)= L +7°[f - ]

Once we assume that the principal can create policy rules of this type, the unique policy design

mechanism (79, 7°) is found in Proposition 1.

Proposition 1 The unique optimal and subgame perfect policy design mechanism implement-

ing the cooperative optimum in the non-cooperative game is:

0 = MM - )

70 = (a+bc))\(yF—yc)+c(7TF—7rc)

Proof. See Appendix A. =

In this context, there are no incentives to deviate ex post as long as the same principal
delegates both policies, and shares L.. Were it not for the ‘common principal’ assumption,
the optimal mechanism would differ from the subgame perfect (credible) one, as separate
principals would have incentives to deviate from optimal delegation, consistent with their

initial non-cooperative incentives.

13The same could be achieved for other delegation schemes, but here we restrict choice to linear contracts for
two reasons: technical convenience (this also insures uniqueness as described below) and practical relevance (as

this resembles the SGP’s structure).
Y For an illustration of this argument in international monetary policy cooperation and delegation, see Bilbiie

(2000).



Having found the optimal rules, we next want to look at issues related to their design when
fiscal policy outcomes depend on automatic stabilizers and when credibility of enforcement of
the rules is imperfect. In the case considered so far, it is subgame perfect for a common prin-
cipal to sanction the monetary and fiscal authorities if they choose policies that deviate from
7° and f¢, but in practice there may be initial uncertainty about a principal’s commitment to
enforcing an announced rule. Because we are primarily concerned with analyzing fiscal policy
rules, we assume throughout the remainder of the paper that monetary policy is delegated

with the optimal price level target, and this target is credible.

3 Fiscal rules and automatic stabilizers

Consider the case where the unforeseen output shock u that hits at stage (v) has an impact
on fiscal policy outcomes due to the presence of automatic stabilizers. This introduces a
meaningful distinction between the actual fiscal deficit f and the structural deficit s. In
expression (11) the coefficient y captures the extent to which government spending and revenues
are cyclically sensitive; we assume that this coefficient is beyond authorities’ control in the short

run.15

f=s—7u (11)

We shall in the remainder ignore the observable shocks ¢, as we have seen these can be
stabilised perfectly. Hence, we focus on w shocks. Let the distribution of these shocks be
given by G (u) over a support U (for example R, the set of real numbers), and for the moment
assume the distribution is common knowledge to fiscal, monetary authorities and the private
sector. We shall also focus, unless otherwise stated, on the fiscal policy rules and institutions,
assuming that the monetary policy situation is clear, i.e. the price level targeting regime is
credible and perfectly enforced. Now s is the fiscal policy instrument and its optimal value is

found by solving min [ L¢(u)dG (u) . Following the same method as above and using the
m,s,me,s€

1% Actually, the formula would be f = s — 8y, but to the extent we can then substitute f in the reduced forms
and rewrite everything in terms of s, f will ultimately depend on the unforseen shock. The structural coefficients
will then modify. This is a simplification but captures the main idea that there are cyclical fluctuations affecting
the actual deficit in an intuitive and tractable way. This model specification follows Canzoneri, Cumby, and

Diba (2002).



fact that shocks are unobservable, the solution is expressed in (12) for the structural and then,

implicitly, the actual deficit.

1 1
s¢ = Eyc — f¢= Eyc —Yu (12)

Fiscal policy is optimally not employed for discretionary cyclical stabilisation, but shocks
affect the actual deficit through automatic stabilisers. Hence, the optimum will be attained in
expected terms. Had the shock been foreseeable, the optimal rules would be given by expression
(13).

1 1

C 1 C 1 C C
S (U):E?J —EU‘F’W—hf (U):El/ - (13)

This shows that the optimal value of the automatic stabiliser would be v = % In practice, this
parameter will capture the extent to which a tax system is progressive and there are welfare
benefits such as unemployment compensation. We assume this parameter is not controllable
by the fiscal authority in the short run. The policies chosen by the fiscal authority under

discretion at stage (iv) will now be a solution to min [ L¥ (.) dG (u). '
S

1 1
s" = aynhfn = a?/n —yu (14)

Once again, there is a structural deficit bias. In the next sub-section we will consider the
possibility that the principal might establish a contract based on the structural deficit, which
could remove this bias. We will also consider the alternative of contracting on the actual

deficit, even though it is known that fiscal policy responds to automatic stabilizers.

3.1 A complete contract: the structural deficit rule

Consider first a contract on the structural deficit: Ts = 75 [s — %yc]. This would allow auto-
matic stabilizers to work while still achieving the cooperative outcome with respect to fiscal
policy. Drawing on the contract theory literature, this type of rule would be a complete
contract, because it specifies all possible contingencies. In this case renegotiation is usu-

ally welfare-reducing (see Salanie 2000). As with any complete contract, this relies on the

16 Actually y™, 7" is now the Nash equilibrium, but given optimal delegation to the central bank, which is of
course closer to the optimum than the one without delegation, we can replace 7 with 7° in the relevant Nash

equilibrium expressions.



contracted measure being ex post verifiable. In this case the question would involve the re-
liability of the measure of s, which itself depends upon the estimated ~. Verifiability means
that the principal not only observes s (and «) but also is ready to accept it as the basis for

17" This is obviously a key issue in the EMU con-

a contract (for decision on enforcement).
text. Under these conditions, the optimal and credible contract is found to be the same as
before, following exactly the same solution method. Under this rule, the fiscal authority solves

min [, [L¥ (.) + 74s] dG (u) and the optimal marginal penalty is given by:
S

79=7°=(a+bc) A (yF —y°) +c (7TF —7°) (15)

This contract can be shown to be subgame perfect using the same solution method as in
Appendix A. This rule (together with the price level target) implements the optimal policy
mix in (12).

Even if one assumes that the measure of s is verifiable, there remains a potential problem
of implementation errors with the structural deficit rule, because the principal may have an
inaccurate estimate of v.'® As a result, the principal “could get it wrong”, in the sense of
penalizing the well-behaved fiscal authority or not penalising a fiscal authority that has actually
run a structural deficit. The former outcome would happen for a given realisation of the
unforeseen shock @ if § > s where § denotes the estimated structural deficit by regressing
observed past deficits f on observed past shocks @. Substituting in the ‘penalising condition’

we get the following expression (where values without ~ or” denote actual values).
fHA0> s — s —yu+A0 > s (16)

It is then clear that mistakes in enforcement occur as long as (3 — y)u < 0 is satisfied where
v is the ’true’ cyclical sensitivity. This means overestimating v for a negative shock and

underestimating for a positive shock.

17As a result, the argument that unverifiability might make an ‘incomplete’ contract necessary is different
from an argument emphasizing the possibility of “unforeseen” or “indescribable” contingencies. Maskin (2001)

provides a recent discussion of this distinction.
8This could be due to both limitations in data for estimating the structural deficit, as well as to the fact

that the automatic stabilizer parameter v will be changing over time (as emphasized by Blanchard and Perotti,
2002). Following the Lucas critique, it is also possible that the imposition of a fiscal rule would itself lead to a

change in .
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= Ts(S—S-:)

Figure 1: Error bands on a structural deficit target

One simple way to address this problem would be to attach error bands on the structural
deficit target. The width of the error bands would depend on the magnitude of the standard
errors of the 4 coefficient. Figure 1 presents a graphical illustration of the argument. The
upward sloping line passing through the origin plots the contract not taking into account
uncertainty. The dotted parallel lines represent shifts in this introduced by uncertainty about
~. Assuming that the distribution of the estimated 4 is such that 95% of outcomes lies within
two standard deviations, [y — 04,4 + 03], we can view the two dotted lines as representing
the bounds T' = 74 f + AU+ o5 — %yc . Then, to minimise errors, the penalty would take
a form like the thick solid line, not penalising for a measured structural deficit within some
bounds from s¢, and then penalising according to the estimated 4 outside these bounds. These
can be seen as error bands on the structural deficit target, related to the standard deviation

of the cyclical sensitivity but also to the realisation of the shock, of the form s° £ o4.

3.2 An incomplete contract: the actual deficit rule

It might be the case that the structural deficit rule is infeasible because the structural deficit
is not verifiable. This might mean that the contract can be written only on the actual deficit,

taking the form Ty = 7 [ f- %yc] for any realisation of the shock u. Under the actual deficit

11



rule, the timing of the game (ignoring the monetary authority and the private sector, whose
behaviour is unaltered) is as follows: first, the rule based on f is announced, then the structural
deficit s is chosen by the fiscal authority, then the shock u is realised and hence f becomes
observable, and finally the rule is enforced (or not). In the language of contract theory this rule
would be called an incomplete contract, because it leaves the ex post observed structural deficit
uncontracted since it is unverifiable. In such cases renegotiation can be welfare-improving
(see Salanie 2000, e.g.). Note that here contract incompleteness comes from unverifiability
of the structural deficit (or the cyclical sensitivity 7), and not from unboservability, bounded
rationality or indescribability, as is the case in part of the incomplete contracts literature. In
fact, applying this rule strictly would mean penalizing a ‘well-behaved’ fiscal authority for
adverse shocks. The intuition is as follows. Consider a fiscal authority that respects a rule,

. _ 1. ¢
choosing s = —y°.

For a given realisation of @ its penalty will be as follows: Ty = 7 [—v.4].
This means it will be sanctioned for an adverse shock and rewarded for a favourable shock.
Under these circumstances, the principal will always commit an error in implementing the rule,
and the magnitude of this error will be given by the cyclical sensitivity. One can immediately
see here that such a rule produces the opposite effect of automatic stabilization.

The problem with the actual deficit rule is that it generates a procyclical bias in the
discretionary part of fiscal policy. Consider the case where the fiscal authority is able to
forecast the shock u, and it has an expectation about the distribution of the shock G¥' (u) ,with
the expectation also satisfying Ef'(u) = [udG* (u) # 0. Under these conditions, the fiscal
authority will choose the structural deficit such that in expected terms (expectations with
respect to G¥' (u)) it fulfills the actual deficit rule [ f (u) dG¥ (u) = Ly¢. This implies choosing
§ = %yc +v [ udG¥ (u). This will lead to the choice of a higher than optimal structural deficit
when a positive shock is expected and a lower one otherwise, and this outcome is clearly
suboptimal (being the opposite of stabilisation). The rule thus induces a procyclical bias, and
were the shock perfectly foreseeable to the fiscal authority (but not to the principal at the
time the contract is written), the perverse effect of this rule would be to cancel automatic
stabilisation completely. Imposing a state-independent deficit limit f < f (much like the SGP
does), where f > %yc, does not solve this problem. It would would still penalise incorrectly
for more severe shocks, it would fail to penalise in ‘good times’, and as a result, it would still

induce a procyclical bias.

12



As s is considered unverifiable, full ex-post flexibility in applying the actual deficit rule is
not possible (this would actually mean that at the enforcement stage the principal relies upon
7). In order to make the rule ‘more complete’, the principal can impose the rule with an escape
clause. This rule would specify that for some values of the shock inside the interval [u,u] the
rule will be applied, while for some extreme values outside it will not, and this is specified
ex ante. This is similar to the current design of the EU Stability Pact. This means that the
contract is made more complete. However, this modification comes at a cost. If the fiscal
authority knows there is some exogenous probability that an escape clause may be triggered,
then, intuitively, the introduction of this possibility will influence the deficit the fiscal authority
chooses in equilibrium, shifting the best response towards choosing a higher structural deficit.
As a consequence, we will show that if a rule contains an escape clause, then, if it is to induce
the fiscal authority to choose a policy in equilibrium that is consistent with the cooperative
outcome, such a rule will have to include a higher marginal penalty on deficits than would be
the case for a rule without an escape clause. The marginal penalty will have to be modified
as shown below. At stage (iv) the fiscal authority will face the following additional term in its
loss function L, taking 7 #,u, as given and solving for s(7¢,u,u ).

Tr [f = Ly°] Lif u € [u,7)

Ty = @ 17
{7 o
The expected loss function under this rule will then be (where the integral is taken over the

whole support of u when not specified otherwise):

B = (1 Oac @ [Cr 1w - e (19)

Minimisation of this with respect to s, assuming throughout optimal and credible monetary

delegation and rational expectations leads to the following instrument rule (the derivation
again follows the method used above):

1 1 w a

s(rpoi) = 20" = (G0 =G W] Gl = [ 6w .G = [ G (9)

Greater ex ante flexibility (the smaller the [u, %] interval) and smaller penalties imply that the

equilibrium gets closer to y™. Less flexibility and higher marginal penalties would lead to the

optimum. Now, looking at the choice of subgame perfect contract in all components (marginal

penalty and thresholds), we see they cannot be pinned down individually. Formally, at stage

(i) the principal chooses 7¢ and escape clause u, %, (finite) to maximise social welfare taking

13



into account the best response of fiscal authority (18) and the counterpart for the monetary
authority. For details of the proof see Appendix B. There is in fact an infinity of equilibria,
consisting of the schedule:

o o

T T

TTE@ -G TG ()

> 7% u#ue€int (U) (20)

This is a first indeterminacy result: all penalties and thresholds satisfying (20) are equivalent
for the principal in terms of welfare, and they are all subgame perfect. The choice of the
escape clause is bound to be arbitrary, due to the very reason that made the complete contract
impossible: unverifiability of . An optimal rule with an escape clause could be found, but that
would be equivalent to writing the contract on the structural deficit (that would mean making
the deficit target state-contingent, and this would bring us back to the complete contract).
Note that under this rule, the procyclical bias identified before is still present, although of a
lower magnitude. Under forecasting (strategic use of private information) of the shock, the best
response of the fiscal authority is now s (.) = 2y° + 7]; udGY (u) = 2y + EF [u | u € [u, ],
where the expectation is conditional upon the shock being inside the interval where the penalty
is binding. Existence of this bias is in fact a feature of this rule, no matter how ‘incomplete’
the contract actually is, although its size does vary with length of the [u, @] interval. The
more flexibility allowed ex ante, the smaller is the procyclical bias (recall this was one reason
to consider escape clauses in the first place). Note also that the marginal penalty under the
rule with an escape clause is always larger than the penalty for the structural deficit case, and
more so the greater the flexibility allowed ez ante (the smaller the [u,u] interval). Indeed,
as the interval collapses, the procyclical bias is eliminated but the marginal penalty tends to
infinity, ili% 75 = 00. This is an extreme, but illustrative example of the tradeoff faced by the

principal in designing an actual deficit rule.

3.3 Summary

In this section we have demonstrated how a linear contract written on the structural deficit can
produce an optimal outcome regarding fiscal policy, provided that the estimate of the structural
deficit is considered verifiable. Under such a rule, implementation errors will be minimised by
including error bands on the deficit target, proportionate to uncertainty about the estimate

of the structural deficit. For the case of contracts written on the actual deficit, expected
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welfare can be improved by including an escape clause, but such contracts will still generate
a procyclical bias in fiscal policy. In the extreme case, under such a rule the procyclical bias
that is induced would, in fact, perfectly offset the action of any automatic stabilizers. Finally,
we have also shown that incorporation of escape clauses in rules written on the actual deficit
will require the introduction of higher marginal penalties. We will argue in the next section

that this might ultimately undermine the credibility of such rules.

4 Credibility, Reputation and Enforcement

So far we have looked at policy design mechanisms that are optimal and subgame perfect
if the principal shares the social welfare function L¢. With this setup, enforcement of fiscal
and monetary policy rules is fully credible and fully anticipated. In practice, however, there
may be initial uncertainty whether an announced set of rules will actually be enforced. This
section considers this problem explicitly. We first consider a case where initial reputation is
imperfect and the principal can make a costless announcement in the first stage regarding the
penalty that will be applied to fiscal deficits. We then consider a case where these initial
announcements are “costly” in the sense that the announcement of a larger penalty leads to a
greater expectation that the penalty may actually never be applied.

In order to speak meaningfully about reputation, a source of incomplete-information has
to be introduced, which in our case shall translate to uncertainty about the principal’s type.
The intuition is that the public and the two policy authorities (notably, the fiscal authority)
do not know, when the rule is announced, whether the principal will actually enforce it ex
post. Suppose for simplicity that the prior common beliefs of the private sector and policy
authorities about the principal’s types are that he is either T(ough) with probability w or
W(eak) with 1 — w. The principal’s type will hence be described by its ability to follow up
on commitments, as in Cukierman and Liviatan’s (1991) and Barro’s (1986) study of central
bank policy under incomplete information, and not by differences in the objective function,
although one could see the latter as a particular case (or an implication) of the former. In
the cases considered up to now, commitment to the optimal penalty is perfectly credible - the
policymaker announces it, and then is known to implement it with probability one, which in

turn ensures implementation of the desired equilibrium in the monetary-fiscal policy game.
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With imperfect initial reputation however, the announcement made by the principal has only
partial effect on both expectations and strategies of the monetary and fiscal authority.

We assume that the tough policymaker T will announce a contract and at stage (vi) will
actually enforce it. The weak policymaker W will announce a contract but will not enforce
it. This could be because the weak type is more subject to political pressures from the fiscal
authority, or for some other plausible reason that lies beyond the scope of our model. With
imperfect information the main intuition is easy to grasp from the one-period model. We look

for the endogenous announcement 74 that would be needed to implement the optimum.

4.1 Reputation and enforcement with costless announcements

4.1.1 The structural deficit rule

We shall for the moment concentrate on the complete contract Ty = 7, [s — %yc] . The fiscal and
monetary authorities, and the private sector, know that the principal can be of one of the two
types, but do not know which is in office. Consider first the optimal announcement for the tough
principal (if he chooses to make an announcement, which shall be the case in equilibrium). Now
the fiscal authority (sharing the prior about principal’s type w with the public and monetary

authority) faces the following expected loss, after receiving the announcement.
F F 1 c
E, L ]—/L (u)dG(u)vaTs[s—Ey]—i—(l—w)O (21)

The Nash equilibrium in the monetary-fiscal game leads to the expected values of output and

price level as functions of the announcement:

_.c L o __ A _ c_é o __ A
/uy—y +a)\(T LUTS),/uT(—TF a(T LUTS) (22)

Plugging these back into L€ (.) and minimising with respect to 74 and imposing 74 = 7 (as
the policymaker is dependable) leads to the value of the optimal announcement for the tough
policymaker given below. There will be in fact an infinity of such announcements, i.e. an
infinity of self-fulfilling equilibria and beliefs, but all other equilibria can be eliminated by
using the ‘intuitive criterion’ of Cho and Kreps as is usually done in signaling games. This

results in a unique equilibrium announcement.

A T o
= — > 23
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Under this announcement, the value of the social loss is zero, as the optimum is implemented.
Without an announcement, the occurring equilibrium is the Nash equilibrium, and the loss is
positive, hence the tough policymaker will always strictly prefer to make an announcement.
The weak policymaker would find it optimal to choose the same announcement, as otherwise he
would be revealed as weak and the fiscal authority would choose its instrument correspondingly.
Then, at stage (vi) T enforces the contract, W does not. Hence, a tough principal has to play
tougher in order to be perceived as such (to signal its type) if its initial reputation is low.?
We can now have a first glance at the macroeconomic effects of incomplete information
about the principal’s type when the principal sticks to the optimal announcement under com-
plete information.?? Specifically, this is done by considering 74 = 7° above and then solving

for the best responses of policy authorities to the announcement in equilibrium.

1 1
s(w, ) = —yC+T)\(1—w)TO>SC
c c
m(w, %) = ﬂc—ayc—ﬁ(l—w)ro<mc (24)

If the announcement were 7°, the resulting policy mix would have a deficit bias for fiscal
policy and a contractionary bias for monetary policy, both of which would be more severe as
w — 0. Hence, if the principal overestimates his own initial reputation, this can have perverse
effects on both policy authorities, and these effects can be contrary to those the rule was
supposed to achieve in the first place.

The above case concerns a one-period setup, which is enough for grasping the main intuition.
In a two (or multi-)period setup, a new element arises in that first-period actions reveal
information about the type of the principal, hence in choosing his first-period announcement
and in deciding whether to enforce, the principal has to take into account these effects. In
general, this leads to separating, pooling and mixed-strategy equilibria (see Cukierman and

Liviatan (1991), Backus and Driffill (1986) or Vickers (1986) for applications to monetary

9The result is the opposite of what Cukierman and Liviatan get for monetary policy: in their model, the
dependable central bank has to accommodate expectations and play weaker (i.e. announce a higher inflation
rate than the complete-information optimal one) when it has a lower initial reputation. Our result is more
similar to Backus and Driffill (1985) and Vickers (1986), where the tough central bank has to play even tougher

in order to signal its type.
20While this is behaviour off the equilibrium path in the model analysed here, it might illustrate a case

whereby the principal overestimates her own initial reputation w.
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policy games). In our case however, it will turn out that only pooling equilibria exist as long
as we regard the two types as sharing the social loss function L¢. This is intuitive as there
will always be a benefit for the weak type in mimicking the strong policymaker. If instead
one described the weak type as having a different loss function, e.g. L (.), then separating
equilibria would exist. The intuition being straightforward, we do not present a detailed proof
of this result, but the case we consider is, in our view, a more realistic one. The bottom line is
that in general, the mere presence of uncertainty about the principal’s type makes the optimal
announced penalty higher. Should this not be recognised by the principal at the institutional

design stage, a contractionary monetary and an expansionary fiscal policy bias would result.

4.1.2 The actual deficit rule

Consider now the incomplete contract which is written on the actual deficit Ty = 7 [ f- %yc] .
Repeating the same exercise as before, the expected loss of the fiscal authority is given by the
following expression.
u 1
E,[LF] = /uLF (u)dG(unA Ty [f(u) — Ey(‘} dG (u) + (1 —w)0 (25)
One obtains the optimal announcement by the same method. Note that now the threshold
levels are themselves part of the announcement, hence the decision variables of the principal

are 7’?, @ ,u? . The optimal announcement satisfies the inequality in (27).21

>74> 700 g £ uf (26)

4 =
T wlG (@) - G ()
There is again an indeterminacy of equilibria - the marginal penalty and the escape clause
cannot be pinned down individually. Note that the inequality in (26) implies that under
incomplete information, the optimal marginal penalty under an actual deficit rule is again
larger than in the case of the rule written on the structural deficit. The penalty is also
higher than the optimal penalty with complete information (being equal only for perfect initial
reputation w = 1).
The various equilibria are pictured in Figure 2 which plots the optimal announced penalty

74 on the horizontal axis against the 74w [G (EA) -G (QA)] function on the vertical axis . The

21 The proof of Proposition 3, for a more complicated case, contains a proof of this statement as a special case.

See the next subsection.
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Figure 2: Optimal announcements under imperfect reputation

first intersection of the 45 degree line with the horizontal line would be the optimal contract
when there is a perfect initial reputation. The second would be the structural deficit rule
under imperfect reputation, and any point thereafter on the thick portion of the x-axis can be
an equilibrium depending on the interval for threshold levels of shocks. The third line provides
an example of the announced penalty under an actual deficit rule under imperfect reputation
and where there is an escape clause GG (EA) -G (QA) < 1. When an escape clause is included
the same discussion as in the end of the previous section applies: the smaller the interval on

which the rule is applied, the further the optimal announcement 74 is from 7°.

4.2 Reputation and enforcement with costly announcements

At first glance, it would seem from the previous section that incomplete information has little
effect on the outcome of the monetary-fiscal game we consider; the problem of an imperfect
initial reputation, if fully recognised at the institutional design stage, can be easily solved by
announcing a higher marginal penalty than would otherwise be the case. Some observers have
made this argument with regard to the EU Stability Pact. If there is uncertainty whether
the Pact will be enforced, then why not deal with this problem by simply announcing larger

222

penalties in order to ensure compliance What this solution overlooks is that as announced

228ee the Financial Times, October 24th 2002.
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penalties grow larger, it may become increasingly implausible that they will ever be applied.?
To take a banal example, one could attempt to ensure 100% compliance with parking restric-
tions by announcing penalties of lengthy imprisonment for even the most minimal parking
violations, but, in equilibrium, such announcements might have little effect, because the public
would anticipate that such severe sanctions would never actually be applied. The exact reason
the sanctions would never be applied is an issue that goes beyond the scope of this paper, but
it clearly involves the extent to which a sanction is seen as being ‘disproportionate’ to a viola-
tion. It is important to emphasize that this involves a different reason for believing sanctions
may not be applied than would be the case when a principal has imperfect initial reputation
(w < 1). What this situation implies is that policymakers considering announcing a higher
marginal penalty on fiscal deficits will face a tradeoff. On one hand, to the extent the fiscal
authority believes the sanction will be applied, a larger sanction will have a greater influence
on its behavior. On the other hand, announcing a larger sanction may make it less believable
that the sanction would ever actually be applied. We will show in this section that this prob-
lem can lead to a “credibility trap”. For a policymaker who initially lacks a reputation for
enforcement, there may be no equilibrium announcement that will ensure application of the
optimal fiscal policy. We also show that while this problem exists for a contract written on
the actual deficit, it does not emerge for a contract written on the structural deficit, precisely
because the latter requires smaller marginal penalties and the former has to include escape
clauses.

Consider the same setup as before (focusing on the one-period case), modified in one
important respect: the higher the announced marginal penalty 74, the lower is the probability
that it will be enforced. We adopt this assumption as a way of introducing the possibility
that large marginal penalties may not be enforceable if they appear disproportionate to the
violations caused. We model this enforcement probability independently from the probability
of the policymaker being ‘tough’, w, which is exogenous. Hence for any announcement 74,
there will be a value e (TA) defined as e (TA) : Ry — [0.1] describing the probability that this
penalty will be enforced. For the moment we assume that e (0) = 1 (announcing ‘no penalty’
is perfectly credible), e (TA) < 0 (which captures the idea mentioned above) and there exists

a value 7 > 70 > 0 such that e (TA) = 0 for any 74 > 7. The last assumption shows there

3 This is closely related to an argument recently made by Drazen (2002).
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is a maximal level of the penalty to which a positive enforcement probability is attached.?*
We assume the optimal penalty under complete information has some positive enforcement
probability. The function e (.) is assumed to be continuous and differentiable on [0,7]. We
make no further assumptions regarding the functional form of (.) at this stage.

For simplicity, we shall focus on the case where 74>0, i.e. for penalties. As the function
e(x) satisfies e(z) = e(—x), then ze(x) = —ze(—x), the analysis for rewards will perfectly
mirror the analysis for penalties.

Note that the function e(.) is treated for the moment as given - it will turn out that
its form and properties are crucial for the existence and properties of equilibria. In Figure
3, which graphs the probability of enforcement e (TA) on the y-axis against the announced
penalty 74 on the x-axis, some plausible forms of e(.) are presented. The thick solid line
at the top presents an ideal, benchmark situation in which any announcement less than 7 is
perfectly credible. The dashed concave line corresponds to a situation where announcements
are still somehow credible, as a concave function implies that the likelihood of enforcement
decreases, but slowly. Finally, the convex function (solid line) represents a larger credibility
problem, where the likelihood of enforcement decreases rapidly (and more so, the more convex

the function is) even for low values of the announced penalty.

4.2.1 The structural deficit rule under costly announcements

We first consider how the structural deficit rule is affected by the possibility that announce-
ments may be ‘costly’ in the sense that larger announced penalties may lead to diminished
beliefs that penalties will be applied. The loss function minimised by the fiscal authority at

stage (iv) for the structural deficit rule will be the following.

E,e) [LF] = / LY (u) dG (u) + / wrie (13 {s — %y} +(1-w)0 (27)

24Technically, we could have modelled this idea by assuming directly that the enforcement probability w is a

function of the announcement with the properties outlined above for e (.). However, the two variables capture
different phenomena. w is the prior attached by private sector and policy authorities to the principal being tough,
which in turn might depend on country characteristics (such as bargaining power of a country within the union
to which the rule applies). In contrast, e (.) is in turn a structural feature, depending on how disproportionate

the penalty is with respect to any violation.
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Figure 3: Enforcement probability function - possible forms

Using the same method as before, one finds the optimal subgame perfect contract announced

by the principal. Proposition 2 emphasises some properties of the optimal announced penalty.

Proposition 2 In the presence of incomplete information about the principal’s type and credi-
bility costs of announcements, the optimal subgame perfect marginal penalty on excessive struc-

tural deficits is given by:

I A A, (A ° A, (A °

I . 7€ {7‘8 s.t. mie (15) :U} Z'ﬁil_?XTse(Ts) > =
o
I : T:II € arg max [7';46 (7';4)] . if IEI_%XTsAe (Tf) <

S

Proof. SeeAppendix B. m

Intuitively, what Proposition 2 says is that different equilibria can occur depending on a
few parameters. First, if initial reputation is very low (hence %o is high) and/or if e(.) is
not very concave then case II may apply, a ‘non-fundamental’ equilibrium. Here, the optimal
announcement no longer depends on the structure of the economy. For the principal, the
problem of minimising social loss by choosing the announced penalty is isomorphic to solving
arg max [T;“e (7';4)] . In this case the credibility problem is so acute that the best the principal
can do in terms of announcing a penalty is to balance its size and the likelihood of it being
enforced as perceived by the public and policy authorities. As a consequence of this, there are

in fact conditions under which the equilibrium announcement is even lower than 7°, namely

when [7% (7°)]/ < 0. Note that the equilibrium is self-enforcing by construction.
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Figure 4: Equilibrium announcement(s) for structural deficit rule

On the other hand, in case I there are multiple equilibria: there can be at least two equi-
librium announcements with the same welfare properties. Focusing on the case where there
are two equilibria (which is the case under plausible assumptions on the form of e(.) ), one
equilibrium would be characterised by a lower marginal penalty but higher enforcement prob-
ability, whereas the other equilibrium features a higher marginal penalty and lower likelihood
of being enforced.

Figure 4 summarizes the results of Proposition 2, plotting the announced penalty multi-
plied by the probability of enforcement 74e (7;4) on the y-axis against the announced penalty
on the x-axis. The two horizontal lines correspond to values of w leading to the two different
cases respectively, and the curve represents the 7';46 (Tf) function, which is equal to the 45
degree line when announcements are costless (illustrating the imperfect information case stud-
ied previously). The function collapses to the horizontal line when the penalty becomes so
large that the probability that it will be enforced e(.) becomes zero. If case I applies, the two
equilibria are given by the points I1 and 12, whereas for case II (low w or less concave or even
convex e(.)) the equilibrium is given by II (note that in the figure we plot the case where w is
low, but this is equivalent to conditions on e(.) being met such that case II applies).

Note that in Case I, the optimal announcement is always strictly larger than the optimal
announcement with symmetric information, and it is also larger than the optimal costless
announcement under imperfect initial reputation. This would lead to an even larger bias in

the policy mix towards an expansionary fiscal policy and a contractionary monetary stance if
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the principal stuck to the optimal announcement under symmetric information 7°. Generally,

the biases would be given by the following two expressions (as calculated as in the previous

section).
s(w,e(.),7) = ly‘:%-—l (1 —we(7°))7° > s°
Y ? G/Q)\
c c
m(w,e(.),7°) = 7°— ayc o (1 —we (%)) 1% < m (28)

The expansionary fiscal bias is larger the lower is initial reputation and the lower is credibility
for the given fiscal authority. Similarly, there is a contractionary bias of monetary policy which
is also increasing in the same factor. One important thing to note is that these biases occur in
the non-fundamental equilibrium without the principal overestimating her initial reputation.
A further point to note is that with imperfect credibility of the announcement and non-
cooperative playing of the two authorities, once the ‘optimal’ (under perfect information)
penalty 7¢ is announced, the monetary authority is forced to accommodate, even if it is fol-
lowing the optimal targeting regime it has been assigned and there is no development in the
economy asking for contractionary policy. One can view this as a main implication of imperfect
credibility or enforcement of fiscal rules on the monetary authority. This has clear implications

for current discussions about monetary and fiscal policy interactions in EMU.

4.2.2 The actual deficit rule under costly announcements

Consider now the rule on the actual deficit, taking into account as before the necessity of
specifying an escape clause ex ante and looking for the optimal announcement in this case. As
we examine only penalties for reasons mentioned in the beginning of the section, we can now
consider only a lower threshold value/escape clause for the shock, i.e. a maximum negative
shock u.2> Moreover, we shall only look at cases where u is a ‘plausible’ value, i.e. G (u) > 0.

Now the fiscal authority faces the following loss function.
Epe()u [LF] = /LFdG (u) +/ wT?e (7‘?) [f - %yc] dG (u) + (1 —w)0 (29)
u

At stage (i), the principal announces T?,QA to minimise the social loss taking into account

the reaction of the two authorities and rational expectations of the private sector, where the

?5One can think of the positive maximum shock as being the case G (EA) =1.
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Figure 5: Equilibrium announcement(s) for actual deficit rule.

fiscal authority minimises the loss function above. Proposition 3 presents some properties of

the optimal announcement for this case and a proof is provided in Appendix 3.

Proposition 3 “The Credibility Trap”. In the presence of incomplete information about
the principal’s type and credibility costs of announcements, the optimal subgame perfect mar-

ginal penalty on the excessive actual deficit 7'? and the escape clause u? is given by (assuming

G (u?) > 0):
Lt e {4 uf st m4e (TA) = - if maxtie (TA) [1 -G (uA)] > T—O
fox 2 f f wll— G (uA)] v f f = w

o
1I. No equilibrium announcement exists if max ’7’?6 (T?) [1 -G (QA)] < %,

Figure 5 presents a graphical illustration of Proposition 3. Note that the thin solid line
is the T4e (TA) line from Figure 4. We therefore assume that e(.) does not change functional
form depending on the type of rule in place. However, the relevant function for studying
equilibria does change, as this will be multiplied by the (1 — G(u)) factor (which is less than
one), inducing a contraction of the function on the [0, 7] interval. Consider first the case of
a ‘high w’ represented by the lower horizontal line. In case I, the relevant function does not
change significantly. The result is much different for Case II which is pictured in Figure 5
by the lower curve. In Case II no equilibrium announcement exists. To see the difference

between the two cases consider first a ‘low w’ scenario (upper horizontal straight line). Under
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this scenario with a structural deficit rule Case II of Proposition 2 applies, and the equilibrium
is the ‘non-fundamental’ one. For the actual deficit rule, however (lower curve, or any curve
below the original one) no equilibrium exists - that is Case II in Proposition 3 applies. The ‘non-
fundamental’” equilibrium featured in Case II of Proposition II would only be an equilibrium
here if the rule were specified without an escape clause (G (QA) = 0), which is a case we rule
out, because it induces perverse incentives on the side of the fiscal authority as discussed in
Section 3. The closer the announced threshold value of the shock is to zero, the flatter is the
graph of the function.

Some of the results above reinforce the intuition from the previous example. In Case I, it
is again the case that there can be at least two equilibria, just as in Proposition 2. But note

that now the announced marginal penalty is higher (roughly by an order of 5 than in

G'( ))
the structural deficit case. One other important difference as compared to previous cases is
that now it is more likely that Case II will apply - obviously, it is harder, ceteris paribus for
H;%XT?@ < f) [1 -G (_A)] > %O to be fulfilled given that the function 7'?6 (7“?) is now scaled
down by a factor of 1 — G (QA).

The main insight, which we call a ‘credibility trap’, is that with a contract on the actual
deficit and imperfect initial reputation, one could end up in a situation whereby there is no
equilibrium announcement that could lead to implementation of the optimal policy mix. On
one hand, the probability of ending up in Case II is higher under the actual deficit rule, and,
on the other hand, ending up in Case II now implies that there is no contract announcement
(T Pl ) that would be believed. This could happen for any (or a combination) of: small w
fastly decreasing e(.), and the closer u? is to zero. Announcing any deficit penalty results in
an extreme form of the bias, namely the policy instruments are set as in the Nash equilibrium.
This outcome is equivalent in welfare terms to having no rule.

In Case I it remains true that sticking to an announcement that would be optimal were these
imperfections not present results in biases in the policy mix similar to the ones we mentioned

before. The biases are now larger than for the structural deficit case.

s(w,e(.),To,gA) = —y +a2/\ {1- [1—G(gA)]}7'O>SC (30)
m(w,e(.),To,gA) = WC—EyC—L{l—we(T")[I—G(QA)]}TO<mC

4.2.3 Summary
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Table 1: Summary of Core Results

Assumption Structural deficit rule Actual deficit rule

Perfect reputation T° m

Imperfect reputation %O WiG(y‘)]

Costly announcements | I. 74e (Tf) = z}—o, if exists L. T‘?e (Tj}) 1-G (QA)] = L—O, if exists
II. arg max 7';,46 (Tf) otherwise | II. no equilibrium otherwise

In this sub-section we have demonstrated that if higher announced deficit penalties lead to
diminished beliefs that penalties will actually be applied, then a principal who initially lacks a
reputation may wind up in a credibility trap. There will be no announced penalty that will be
believed in equilibrium by the fiscal authority and which will induce an optimal choice of fiscal
policy. The possibility of this credibility trap exists for rules written on the actual deficit, but
it does not exist for a structural deficit rule, precisely because structural deficit rules require
smaller marginal penalties to be effective, and because the actual deficit rule has to include
an escape clause. QOur core results regarding the structural and actual deficit rules can be
summarized in Table 1 below. The case labelled “perfect reputation” covers instances where
there are shocks to the economy but where the principal has a perfect reputation. We then
provide the equilibrium rules (when they exist) for the case of an imperfect initial reputation,
as well as for the case where there is both an imperfect initial reputation, and when announcing

higher penalties is ‘costly’ in the sense that it implies lower probability of enforcement.

5 Conclusion

In this paper we have investigated the effect of fiscal rules under the realistic assumption that
fiscal policy outcomes depend on automatic stabilizers and that when rules are first established
they may be imperfectly credible.  Using a simple model that allows for monetary-fiscal
interactions, we have provided formal support for an argument commonly made with regard
to the EU Stability Pact; a rule written on the structural deficit is preferable to one written
on the actual deficit, provided that estimates of the output gap and of automatic stabilizers
are verifiable. Under such a rule, uncertainty in measuring the structural deficit can be dealt

with by careful specification of error bands. One of the reasons for preferring a structural
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deficit rule is that contracting on the actual deficit will induce a procyclical bias in fiscal policy.
In addition to providing formal support for this existing argument, we have also argued that
fiscal rules written on the actual deficit may suffer from a “credibility trap”. Imperfect initial
credibility makes it necessary to announce higher marginal penalties for violations of a rule,
but announcing higher marginal penalties may also reduce credibility if the magnitude of such
penalties is disproportionately large relative to the violations. This problem is likely to be
particularly severe for actual deficit (as opposed to structural deficit) rules, and it will result

in an expansionary bias for fiscal policy and a contractionary bias for monetary policy.
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A Proof of Proposition 1.

To solve for the optimal and credible (subgame perfect, or dynamically consistent) delegation
parameters, we use backward induction. At stage (iv), policy authorities minimise indepen-
dently the delegated loss functions, taking delegation as given. Expectations are pinned down
as described in the text at (ii). At stage (i) the common principal sharing the social loss uses
as instruments the marginal penalty 7 and the price level target 7°. Hence, at (iv) authorities

solve minLMP (), mfinLF D () leading to the first order conditions, respectively:
m

(a+bc))\(y—yF)+c(7r—7rF)+T =0 (A1)

A(y—yM)+7—7° = 0

We can now solve for the Nash equilibrium y, 7 as a function of the delegation parameters:

o c o . be 1

y(r,7) = g+ (=) + = () - =7 (A2)
o _ o_@ F o\ _ @ F_ M _i

w(r,7°) = =« - (7" —7°) <1+ a)b/\(y y) 7

Plugging these values back in the social loss function L€ (.) and minimising with respect to T,

7° respectively, we obtain the first order conditions:

_é[y(ﬁﬂo)—yc]+§[77(Ta7To)—7Tc] =0 (A3)
)~y T (1) — 7] = 0

Substituting 7 (7, 7°) , y (7, 7°) and solving for the delegation parameters, after straightforward
algebra we obtain these 7,7 as in Proposition 1.

The above solves for the subgame perfect (hence dynamically consistent or credible) dele-
gation parameters. To show this policy design mechanism implements the optimal policy mix,
plug these values back in equation (A2), which delivers: y (7°,7°) = y¢, 7 (7°,7°) = w°. Hence,

the deficit contract and price level target are both optimal and time consistent. W

B Proof of Proposition 2

Consider the problem of the fiscal authority msinEw’e(.) [LF ] = LF + wrie (7';4) [s — éyc] +
(1 — w) 0 and the usual problem of the monetary authority under the price level target, which

leads to the first order conditions (where fu x is shorthand notation for expected value of x with
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respect to the distribution of u, distribution which is common knowledge to policy authorities

and private sector):

(a+bc))\</uy—yF>+c(/u7r—7rF>+wr§‘e(T§‘) = 0 (B1)
b)\</uy—yM>+7T—7r0 =0

(a+bc)A<Ly—yc>+c<Aw_ﬂc> = [ —wrhe ()] (B2)
b)\</uy—yc>+/u7r—7rc — 0

Solving for fu Y (Tfe (7‘?)) f T (TAe ( )) plugging back in L€ (.) after algebraic manipula-

and rewrite as

tion we get the objective of the principal taking into account the reaction of the two policy

authorities:

[% (7‘ - wTAe (TA))2 + % (uﬂ'fe (7';4) — 7‘0) 2} (B3)

and solving 1r1[T11'14nELc [ ( ( )) (7' e (7' ))] after straightforward algebra we get the first

order necessary condition for the optimal announcement 72:

' b2
olrde(d) =) e () [ 2] =0 B

The stationary points of this are given by (since the third term in brackets is always bigger

than zero.):

e (7"84) = % or [Tfe (Tf)]/ =e (7';4) +7ae! (7';4) =0 (B5)

For sufficiency, we need to check second order conditions, which are given by (dropping irrele-

vant multiplicative constants):
A a2 A (LAY _ o] A, (_A\]"
wf{[rte(rH]'} + fwrte () = 7] [rde (18] > 0 (B6)

From B6 we see that both FOCs cannot hold at the same time as both terms in 7?7 would
be zero. So we can distinguish: Case I. It is obvious by direct inspection of L° (7';4) that
e (7';4) = %O implicitly defines an equilibrium whenever it has a solution (note this is a
nonlinear equation). The bad news is that even in this case there is more than one equilibrium

(at least two) on the [0, 7] interval. Under plausible assumption on the form of e(.) and its
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derivatives, there are two equilibria such that 74e (7‘?) = %O - an intuitive interpretation of

the conditions is given in text; Case II: However, it might be the case that there is no such

A

equilibrium, i.e. for 7ie (Tf) < %0 for any 74

2, which is equivalent (under continuity) to

) < %O Then, the equilibrium is given by the solution to [Tfe (TA)], =e (TA) +

S S

maXT?e (’7’;4
TA

s

e (7';4) = 0, which defines a unique equilibrium for [T;“e (Tf)]” < 0, as can be seen from

the second order condition.

C Proof of Proposition 3

The proof is similar to that of Proposition 2, the only difference being that now we have an
additional control variable for the principal, namely the announcement of the threshold for the
shock u. As this mirrors the proof of Proposition 2 we shall skip some obvious steps to save
space. Given an announcement for the marginal penalty 74 and the escape clause u?, one
first finds the Nash equilibrium policy instrument rules followed by the monetary and fiscal

authority, and hence the equilibrium outcomes as functions of the marginal penalty and the

threshold. The obtained values are then substituted into the loss function of the principal to

obtain:
Lo (rh ) = LT (o _rde (72) [ @ (w4)])% + 2 (wrde (74) [1 = G (wh)] — 7°)°
= 2 a2\ e = a2 e =
(C1)
Solving I}llir}q / L (T?, 1_1’4) dG (u) leads to the necessary first order conditions, for each of the
T
announcements respectively:
OFL¢ 1+ b%)
Tr = oG e () -G -} e ()] [Py ] =0)
OEL¢ o1 |1+ 52X
= G W] e ()] forfe () [1- 6 ()] -} [ 22| o0

One stationary point would be T?G (T?) [1 -G (QA)] = %0 This describes a schedule in

the T?;l_lA space and has solutions if f HﬁXT?e (7"?) [1 -G (1_1A)] > %O (case I in proposition
¥

3). One immediately sees that this is indeed a minimum by direct inspection of the loss

function (C1) evaluated at any such point giving L€ <T?7 1_1‘4) = 0 and noting that the function

is strictly greater than zero otherwise. Hence, we now look for equilibria in Case II, where

mixv"]?e (T?) [1 -G (uA)] < %O The next thing to observe is that we can rule out cases where
T

33



G (1_1A) = 1 (which means no rule on the whole support of shocks) and where G’ (1_1A) =0 (i.e.

u4 is an improbable event and then we end up with a rule for the whole range of shocks). The

/
remaining stationary points are |:ch1€ (T?)} = 0 and either Tf =0ore (Tf> = 0. Tf =0
/
cannot be satisfied as long as [T?e <7’?)] = 0, so we are left with e <7'f> =0, [Tf e <7'f )] =0

which is satisfied for any T? > 7. But this does not satisfy second order conditions for a

minimum: first we look at 8 EL -5 ° and check whether it is > 0 which together with 82EAI§C 88254’:20 —
org Tf

2

2 c . o . .« .

(%) > 0 would be the sufficient conditions for a minimum:
f o

I VT? >7

TEL o 16 ) {[rfe (D)} oore () [1 - @ (0%)] — 77} [re (79)]

2
87?
(31)

We can see again why we impose G ( ) #1 (BQEQC would be zero), and e <T?) = 0 is not
a minimum (hence, we do not have to check for the determinant of the Hessian being greater

than zero). In case II there is no equilibrium announcement.
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