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SI GNALI NG FI SCAL REG ME SUSTAI NABI LI TY

by Francesco Drudi  and Al essandro Prati

Abstr act

This paper proposes a signaling nodel of fiscal
stabilizations that offers a new perspective on why
governments deviate from optiml tax snoothing. In our nodel
dependable - but not fully credible - governnents have an
incentive to tighten the fiscal reginme when the signaling
effect on credit ratings is larger (that 1is, when a
sufficiently large stock of debt has been accunulated). At
this point, they may deviate from tax snoothing in order to
avoid being mmcked by weak governnments. W show that a
testable prediction of our nodel is that primry bal ances and
debt stocks are conplenentary inputs in the credit rating
function and we successfully test it on Irish, Belgian, and
Dani sh data fromthe |ate 1970s to the early 1990s.
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1. Introductiont

Since the early 1980s, several European countries have
adopted fiscal consolidation progranms ainmed at stabilizing
their public debt-to-GDP ratios. This policy was dictated by
the need to reassure the markets that the fiscal regine was
sustai nable and avoid otherwise constantly increasing risk
prem a and debt financing costs. In turn, the success of the
fiscal tightening and its cost depended critically on the

speed at which credibility was regained. This interplay
between fiscal variables and interest rates is the focus of
the theoretical and enpirical analysis of this paper. The

t heoretical part of the paper consists of a signaling nodel of
fiscal policy, whereas the enpirical part focuses on the
experience of Italy, Ireland, Belgium and Denmark from the
|ate 1970s to the early 1990s.

The analytics of debt sustainability is well known. A
country will have a sustainable fiscal regime if current and
future primary bal ances, interest rates and growh rates are
such that the governnent's intertenporal budget constraint is
satisfied.? \hereas the mathematics is unanbi guous, policy
prescriptions are not. The key difficulty is that al
rel evant variables are endogenous, so that the feedback
effects of a fiscal package on growth-sensitive revenues and
expenditures, as well as interest rates, are crucial to
determ ne whether the neasures taken are sufficient to
stabilize the fiscal regine. At the same tinme, shocks to
gromh rates and interest rates affect the propensity of the
government to initiate fiscal consolidation

! W would like to thank two referees for their comments on earlier
versions of this paper. This paper does not necessarily reflect the
views of the Wrld Bank, the International Mnetary Fund or the Bank
of Italy. We also thank Maria Pia Mngarini for editorial assistance.

See, for exanple, Spaventa (1987).



Wereas several recent papers have discussed the
endogenous |ink between fiscal consolidation and growh,?® our
paper focuses on that between fiscal consolidation and the
credit rating conponent of interest rates. Model i ng the
endogenous |ink between fiscal variables and the credit
standing provides an insight into which fiscal variables
signal debt sustainability (the primary balance, as we wll
see).

Qur study is also related to the literature on the
determ nants of large public debts and on the deviations from
the "tax snoothing” theory of the governnment budget (Barro
1979). We propose a different explanation of why fiscal
stabilizations are often delayed, that could be considered
conplementary to those recently surveyed by Alesina and
Perotti (1995b) which are mainly based on the distributiona
consequences of fiscal adjustment® and on the strategic use of
gover nnment debt . °

This paper links the timng of a fiscal correction to
the credit standing and the debt |evel of a country. In our
framework, a fiscal stabilization may be delayed if risk
prem a and debt |levels are below a critical threshold so that
no government has any incentive to tighten the fiscal regine:
in this range, both dependable and weak policy makers choose

G avazzi and Pagano (1990, 1995), for exanple, argue that there are
instances in which a fiscal correction can be expansionary rather
than contractionary. Their work is conplemented by Alesina and
Perotti (1995a, 1997), who point out that a fiscal tightening needs
to cut expenditure items such as transfer prograns and public
enpl oynent to be expansionary.

4 Fernandez and Rodrik (1991) show that the difficulty of identifying
ex-ante individual gainers and losers froma reform could generate a
bias toward the status quo. Similarly, Alesina and Drazen (1991)
argue that a war of attrition between different social groups
determines the timing of stabilization. In a related paper, Drazen
and Gilli (1993) show that econonic crises may have positive welfare
ef fects when they pronpt a fiscal stabilization.

° Al esina and Tabellini (1990) and Persson and Svensson (1989) show
that policy nmakers nmay accunul ate strategically governnent debt to
constrain the actions of their successors.



to run primary deficits and build up the debt stock. Only when
risk premia or debt |evels exceed this critical threshold do
i nterest paynents becone so |arge that dependabl e governnents
prefer to run primary surpluses, thus signaling the
sustainability of the fiscal regine. Differently from other
papers in this literature,® we endogenously derive the
threshold triggering a fiscal stabilization as a function of
the reputation and preferences of the government. Moreover,
when we allow for endogenous debt accumul ation (Appendix 4),
we find a novel strategic role for governnent debt. W show
that the optimal policy of governnents that are dependable -
but not fully credible - is to accunulate strategically a
critical armount of debt that allows them to signal. In this
case, there is only one equilibriumin which the dependable
governnent first runs primary deficits and then deviates from
optimal tax snmoothing to signal its type.

An interesting case study is the Italian fiscal
stabilization of the early 1990s. Figure 1 (top panel) shows
Italy's country rating against the time profile of primary
bal ances.’” Although the rating inproved somewhat during the
1980s when primary deficits were being reduced, it dropped
considerably in the early 1990s when primary surpluses were
about to be achieved and has only partially recovered since
md 1996. This evidence raises a nunber of questions: Is this

The existing literature often sets the trigger levels for the tining
of stabilization exogenously. Bertola and Drazen (1993), for exanple,
derive a nonlinear relationship between private consunption and
government spending with governnent spending falling whenever it
reaches exogenously given target points. An exogenous trigger |evel
of governnment debt is also assuned in Sutherland (1995).

The country rating is that published twice a year by Institutional
| nvest or. Unfortunately, this rating is available only since the
second semester of 1979. The country ratings of Institutional
Investor are based on information provided by |eading international
banks. Bankers are asked to grade each of the countries on a scale of
zero to 100, with 100 representing those with the |east chance of
default. The sanple ranges from 75 to 100 banks. Banks are not
permitted to rate their honme countries. Individual responses are
wei ghted by Institutional Investor using a fornula that gives nore
i nportance to responses from banks "with greater worldw de exposure
and nore sophisticated country-analysis systens".
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seem ngly non-nonotonic relationship between ratings and
primary bal ances an Italian peculiarity or is it common also
in other instances of fiscal stabilization? Can economc
t heory account for the observed behavior of credit ratings,
primary bal ances, and debt stocks? And, finally, when should
we expect ltalian ratings to return to the level of the late
1980s?

To answer these questions, we first study the behavior
of credit ratings, primary balances, and debt stocks during
the Irish, Belgian, and Danish stabilizations of the md
1980s. Figure 2 shows that the Italian case is not unique: in
I rel and, Belgium and Denmark, we find the sanme non-nonotonic
rel ati onship between prinmary bal ances and credit ratings that
we noted in Italy. In the late 1970s, these three countries
enjoyed high ratings - the highest in the sanple - despite
sizeable primary deficits. As primary balances started
inmproving in the early 1980s, ratings rapidly deteriorated
Only when primary surpluses were achieved in the md 1980s did
the ratings begin to recover. This evidence not only confirns
the non-nonotonic relationship between credit ratings and
primary balances, noted for Italy, but also suggests that
primary surpluses m ght have a signaling role.

Figure 3 sheds sone |ight on the causes of the observed
non-nonotoni c relationship by linking the evolution of credit
ratings to that of debt-to-GDP ratios. The |ow debt stock of
all three countries in the late 1970s - the lowest in the
sanple - seens to account for the high ratings enjoyed in
those years, notwithstanding the primary deficits. Wen the
debt stock rapidly increased in the early 1980s, possibly
reflecting higher real world interest rates, as well as
disinflationary nonetary policies, the credit ratings
deteriorated because investors did not know whether the
pri mary bal ance woul d i nprove enough to nake the fiscal regine
sustainable. Figure 3 also shows that the debt-to-GDP ratio
al one cannot fully account for the tinme-series behavior of
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rati ngs that began to recover after the achievenment of primary
surpl uses, although debt-to-GDP ratios were still rising.?

In our view, the stylized facts of Figures 1-3 suggest
that a bivariate analysis of the data m ght be m sl eading and
that both debt stocks and primary bal ances concur to determ ne
the credit rating of a country. This is also the first
predi ction of our theoretical nodel. The second prediction is
that primary balances have a signaling role at high debt
levels. This is indeed the original claim of our paper and,
as di scussed below, it distinguishes our nodel with endogenous
uncertainty on the type of governnent in power from nore
conventional nodels wi th exogenous uncertainty. The testable
inplication is that debt stocks and primary bal ances not only
concur to determine the credit rating of a country - as
predicted also by nopdels w th exogenous uncertainty - but
they are conplenentary inputs in the credit rating function
until signaling is conpleted.® W present econonetric tests of
this conplenentarity hypothesis below, but Figures 2 and 3
already provide a first indication of its wvalidity. 1In
I rel and, Bel gium and Denmark, primary bal ances seemto have a
greater effect on credit ratings when the debt stock is high
and when the primary balance is about to swing froma deficit
into surplus. This greater signaling power beyond a certain
debt threshold can explain both the sudden deterioration of
ratings at the beginning of the signaling phase, when there
are still primary deficits, and their inprovenent after the
achi evenment of a surplus, notw thstandi ng the high debt stock.

The paper is structured as follows. Section 2 presents
the theoretical nodel, justifies its key assunptions and |inks

8 The fact that the debt still keeps on rising when primary bal ances
improve is not surprising, as its dynam cs depends al so on the spread
between interest and growth rates, which w dened in the presignaling
period because credit ratings dropped and real interest rates
i ncreased.

W are indebted to a referee for suggesting this interpretation of
our nodel .
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it to the relevant economc Iliterature. Section 3, after
di scussing how to derive testable inplications from our
stylized signaling nodel, presents econonetric estinates based
on |Irish, Belgian, and Danish data, that confirm the
predictions of the nodel. Section 4 debates possible
alternative explanations of the enpirical evidence. Section 5
concl udes.

2. The theoretical nodel

Qur nodel has the basic features of a class of
signaling nodels used to study nonetary policy signals. As in
Barro (1986), we assune that there are two possible types of
policy makers with identical preferences but different ability
to precormmit their policies. One policy naker is dependable
and can precommt not to default on the outstanding stock of
debt whereas the other cannot. Initially, investors do not
know with certainty which policy maker they are facing,
al though they believe with positive probability that he is
dependable. As fiscal policies are inplemented, they then
revise this prior probability. Wen the debt is |ow, neither
type of policy maker is seen as being in danger of defaulting
and primary deficits prevail wuntil dependable governnents
start tightening fiscal policy to contain debt accunulation
As this critical tinme approaches, risk prem a energe because
the public fears that a weak policy maker-if in power-m ght
stop m mcking the policies of the dependabl e policy maker and
default. Risk prem a disappear only when the public observes
policies that only a dependabl e policy maker woul d inpl enent.

This sequence of equilibria inplies a non-nonotonic
rel ati onship between risk prema and prinmary bal ances |ike the
one observed in the data. At |low levels of governnent debt,
pooling equilibria prevail and no policy maker is expected to
default so that primary deficits are associated with high
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ratings. Conversely, at high Ilevels of debt, separating
equilibria energe wth dependable governnents achieving
primary surpluses and weak governnents defaulting. Wen the
debt stock reaches a critical threshold - which is a function
of the reputation and preferences of the government - a shift
from pooling to separating equilibria takes place and credit
ratings drop. The nodel also predicts that primary surpluses
have a signaling role because only dependable governnents
woul d achi eve them wi t hout defaul ting.

2.1 The setup

W consider a three-date, two-period nodel. At tine
zero, the governnent issues a given stock of one-period debt
D.: and the public sets the interest factor R, that will be
paid in the follow ng period. At tinme one, the governnent pays
back Di R (1-q) -where g, is the fraction of debt defaulted,*
spends g, levies distortionary taxes t, and rolls over a stock
of debt D, to the last period, on which the public sets an
interest factor R,.' At tinme two, the government pays back
D R- (1-g,) and levies distortionary taxes t,. The resulting

governnent's budget constraints are:

10 At this stage, we can assune that the revenues fromissuing D are

"put in the ground". In Appendix 4, we relax this assunption by
nodel ing the government’s problem at time zero of optimally choosing

D,, together with taxes, to, and expenditure, go.
1 In this paper, we do not interpret default as inflating away the rea
debt val ue because it would not be consistent with our credit risk
neasure. |In a framework that allowed for default through inflation,
the maturity of the debt would play a role (see, for exanple, Calvo
and CGuidotti, 1990, for a nodel wi th exogenous uncertainty, and Drud
and Prati, 1995, for a signaling nodel w th endogenous uncertainty).
12 As noted bel ow, the governnment can issue a positive stock of debt at
time 1 only when default does not occur. Therefore, in equilibrium
the two actions of issuing new debt and defaulting on the outstanding
stock of debt are inconpatible.
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(1) D R(1-gq) +9=1t, + D
(2) D Re (1-qg2) = t»

We assune that within each period the governnent noves
first so that the tinmng of the game is:?*

TimeO Timel Time 2
i i | i i | i
Di R: 0, D..q,.,t; R, q,.t,

W consider D, a paraneter of the nodel so that the
governnment chooses g, D, g1, g t0 mnimze the cost function:

(3)

N | o
~—+
N
+

N | o
~—+
NN
1
I
le)

h . . .
wher e > tZ are distortionary costs of taxation and ag are the

benfits of governnent expediture. In Appendix 1, we show that
mnimzing (3) is equivalent to maximzing the welfare of an
econony popul ated by risk-neutral agents.

After plugging the budget <constraints into the

objective function, the optimal policy of the governnent is
the solution of the problem

(4 Mingow  S[DRA-a)+g- DI + ; [D:Re(-qi]” -4 g

13 The results of the paper would be analogous if the governnent's and

the public's actions were sinultaneous wthin each period. By
contrast, an opposite timng with the public noving first would cause
anultiplicity of equilibria.



15

where 4 is the ratio of the marginal benefit of governnent
expenditure a to the parameter h of the quadratic function of
di stortionary costs of taxation.

Finally, we assune that two types of governnment m ght
be in charge. Type D ("dependable") can precommit not to

default and always chooses qf = 0, whereas type W ("weak")

cannot precommit and chooses either =1 or %=1, depending

on his incentives to mmc type D policies in period one.

At time zero, the public does not know with certainty
which governnment is in ~charge, but it believes wth
probability 1-p, that the governnent is type D. In the rest
of the paper, we will |oosely refer to the prior probability
as "initial reputation". At time one, the public wll observe
the policies inplemented by the governnent in charge and

revise the probability p, using Bayes' rule:

(5)
— I:)0 PrOb(Ch: dl’ t1=f1,g=@2typeVV)

P = = - X -
" p, Prob(q.=a, t;=f;,9=§: typeW) + (1- p,) Prob (g, = g t1=f1,9=G: typeD)

where all probabilities are conditional on the type of
governnent and g,,t; and g are the observed policies.

As we show in Appendix 1, under the additional
assunptions of risk neutrality and zero risk-free interest
rate, investors will set interest factors according to the no-
arbitrage condition:

(6) RA-q) =1
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where ¢f is the default rate expected by investors.

2.2 The equilibria

W investigate perfect Bayesian equilibria in pure
strategies. Two types of equilibria may prevail: separating
equilibria or pooling equilibria. In the first, the governnent
W chooses qW =1 and reveals itself at tine one. In the
second, type Wnimcs type D policies at tinme one and reveal s
its type only in the last period by choosing gy = 1. Note that
we use subscripts to refer to tinme and, when needed,
superscripts to indicate equilibria (S for separating and P
for pooling) and types (D for dependable and Wfor weak).

In the absence of uncertainty, type W would be unable
to issue any debt at tine zero because the public would
anticipate its incentive to default at tinme one. By contrast,
in the ganme of inconplete information considered in this
paper, the uncertainty about the governnent in power allows
type Wto issue debt until uncertainty is resolved. This can
happen at tine one or twd. Type W wll reveal its type in
period one (separating equilibria) when the cost of imtating
type D policies is larger than the benefit of issuing debt
bet ween period one and period two. Type Wwi Il reveal its type
in period two (pooling equilibria) when the opposite is true.

14 The gane studied in this paper is part of a general class of dynamc

ganes with a large player (the governnent) and a |arge nunber of
small players. The play of the large players is observed and is
therefore part of the public history of the gane, while the
i ndi vidual plays of the small players are not observed, so that only
their aggregate play is part of the public history of the gane.
Similar ganmes in an infinite horizon context are in Chari and Kehoe
(1990, 1993), Stokey (1991).
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As we wll see, this tradeoff is crucially affected by:
the marginal benefits of expenditure (the higher is the
paranmeter a, the greater is the expenditure that type Wwould
like to finance in period one and the greater are the benefits
of issuing debt between periods one and two), the nargina
cost of taxation (the higher is the paraneter h, the |ower are
the taxes that type Wis willing to levy in period one and the
hi gher the cost of imtating type D policy), the initial stock
of debt (the higher is D,, the higher are the taxes that type
D levies in period one and the higher the cost of imtating
its policy), and the initial reputation (the higher is D,
the smaller are the risk prema and the higher are the
incentives to mmc type D policies).

In Appendix 2, we formally derive the equilibria. In
this section, we state the main results in two propositions
and provide the intuition behind them First, consider
separating equilibria. In this case, at tinme one, type W
reveals its type by defaulting on the outstanding stock of
debt. There are two possible cases. In the first, type Wis
unwilling to mmc type D policy of choosing optimally at the
margin the |level of expenditure and taxation. In the second,
as type Wwould imtate type D optinmal |evel of expenditure at
the margin, type D chooses to cut expenditure below its
optimal separating equilibrium level not to be confused with
type W Type Dw |l choose this second signaling strategy only
if the benefits of paying |lower interest paynents after
signaling outweigh the cost of cutting expenditure below its
optimal level. Evidently, the poorer is the initial reputation
of the governnent, the higher are interest rate prem a and the
stronger are the incentives to signal. The follow ng
proposition specifies the range of paraneters in which each
case of separating equilibrium exists.
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Proposition 1: Separating equilibria hold for

PR < a4 < Du(RD(RE+ (RO - ).
) DR A S .
Case |: for <a < DR, type D runs a prinmary budget

2
surplus in period one (Table 1 shows equilibrium strategies
and interest rates).

Case Il: for DiIRFf 4 < DI(R*(RR+(R)*°-1) type D runs a
primary budget surplus in period one (Table 1 shows

equilibriumstrategies and interest rates).
Proof: see Appendix 2 for the proof.

The anount of debt maturing in period one determ nes
the relevant case. In Case |, the debt plus interest maturing

in period one is large enough (D,RF> a) to nake type D run a
primary surplus by choosing an expenditure |evel (g°>° <a)

smal ler than the smoothed level of taxation (t,°°=1t,%"=4a).

This policy allows the public to distinguish type D fromtype

W which prefers a higher expenditure level (g°°=g,°" =4a). In
Case Il, the debt plus interest maturing in period one is so
smal | (D.RPE£ a), that, if type D followed the optinal

separating equilibriumtax and expenditure policies of Case I,
it would run a primary deficit by choosing an expenditure

level (g°°> 4) larger than the snoothed |evel of taxation

t,°°=1,°?=4). However, this tax and expenditure level would
make the separating equilibrium unsustainable because type W
would mmc such large expenditure. To avoid a breakdown of
the separating equilibrium as long as the debt plus interest
maturing in period one is small but not too snall
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a
R+ (RE+(R) - 1)

but wunsustainable - Case | policies. To prevent m m cking,

<D,RF£a, type D deviates fromthe optinmal -

type D runs a balanced period one primary budget rather than
the primary deficit inplied by Case | policies: expenditure is

lower (gi°=4a) and period one taxes remain higher than period

two taxes (t,°°=4 >t,°°) with a deviation from perfect tax

snoot hi ng.

In separating equilibria, type Wrepudiates the debt in
period one (gt"¥=1) so that the interest paid between period
zero and period one includes a risk premum (Rf=1), which is
a function of the governnent's initial reputation (1 = p,).

After separation, type Wfaces an infinite interest rate and
does not issue any debt, whereas type D is able to issue debt
at the risk-free interest rate.

Proposition 2: Pooling equilibria exist in the range

DiRE(RE + (R - 1)<a.

In pooling equilibria all governments run a primry
budget deficit in period one (Table 3 shows equilibrium
strategies and interest rates).

Proof: See Appendix 2 for the proof.

In pooling equilibria, the debt stock issued in period

one is small enough D;<

a L
to make type D willing

RE(RE +(RE)? - 1)
to be mmcked in period one, as type D considers the margi nal
benefits of expenditure |arger than the interest cost of being

confused with type W In pooling equilibria, type D runs a
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primary deficit in period one and chooses an expenditure | arge

enough (g">4a) to make type Winmitate it together with all
other type D policies in period one. As a consequence, type W

defaults only in period two (gf"=qi°® =0 and g;“=1) and the

governnent pays the risk-free rate (RF=1) on the debt

maturing in period one.

Figure 4 shows the paraneter ranges in which each type

of equilibrium exists. Initial reputation (1-p) is on the

hori zontal axis, whereas the ratio of the marginal benefits of

expenditure to the initial debt stock (Ei) is on the vertica
1

axis. Pooling equilibria exist in an area in the top right-

hand corner where a small initial stock of debt (a high Ei)
1

is associated with a small risk premum (a high 1-p). As we

nove toward the center of the box, the initial stock of debt
and the risk prem a increase, and separating equilibria (Case

| and Case I1) prevail.

Miltiple equilibria are possible in an internediate
range where there is an overlapping of the ranges in which
pooling and Case |l separating equilibria exist. In this area,
if investors choose the risk-free rate in period zero (R-1),
then the best response of both governnents is to play their
pooling equilibrium strategies; if investors instead choose
the interest rate associated with separating equilibrium
(Rf>1), then the best response of both governnents is to play
their Case Il separating equilibriumstrategies. The fact that
in the nmultiplicity area both types of policy maker prefer
pooling equilibria (see Appendi x 3) suggests that if investors
could coordinate their expectations, they would demand the
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risk-free rate in period zero and nmake pooling equilibria
prevail. This would, indeed, be their optinmal strategy given
that both governments are ultimately trying to maximze the
utility of the investors (see Appendix 1). However, since
investors are atomstic, they my not coordinate their
expectations on the risk-free rate and may well demand the
hi gher rates associated with separating equilibria.™ As a
result, in the range of paranmeters where nultiple equilibria
exist, investors could force an early - but sub-optiml -
resolution of wuncertainty by failing to coordinate their
expectations on the risk-free rate. In the extension of
Appendix 4, the multiplicity of equilibria disappears because
we show that in Case |l separating equilibria the optinal
strategy of type Dis to choose a level of D, that is not in
the multiplicity range.

2.3 Key assunptions and extensions

This section is devoted to discussing how we could
relax some sinplifying assunptions of the nodel presented
above without affecting its main predictions. W also discuss
how our nodeling strategy differs from others used in the
literature

A first issue is whether our results depend critically
on the two-period structure of the nodel. This issue is taken
up in Appendix 4, where we add one period to the nodel by
allowing the government to choose at time zero the optinal
l evel of debt, D, taxes, t,, ¢, and expenditure, g,. This

extension has the advantage of naking the evolution of the

> The equilibriumrefinement of Pareto Domi nance (Fudenberg and Tirole

1992, pp. 18-23) <could rule out separating equilibria but its
application requires players to be able to coordinate their actions.
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debt-to-GDP ratio endogenous and with it the timng of the

switch from pooling to separating equilibria.?®

In addition,
it drastically sinplifies the results of the nodel. In the
t hree-period nodel, there is only one possible equilibriumin
which the econony switches from a pooling equilibrium in
period zero to a Case Il separating equilibriumin period one.
The main results of the two-period version are confirmed with
the pooling in period zero being associated with a primry
deficit and the separating in period one with a balanced
primary budget. The key difference is that in the three-period
nodel type D is allowed to choose D, optimally and elimnate

wel fare-inferior equilibria.?'

Al ternatively, to nodel a shift of equilibria strictly
within the limts of a two-period nodel, we could have
i ntroduced exogenous shocks affecting the initial debt-to-CDP
ratio, D), at tine zero before R, is determned. As long as
the shocks hitting D, do not push it beyond the critical
threshold derived in Section 2, pooling equilibria prevail.
But when a l|arge enough positive shock hits D;, dependable
governments are forced to signal and a switch to separating
equilibria takes place. Gven that higher real interest rates
(a risk-free factor greater than one) would l|lead ceteris
paribus to a faster rise in the debt-to-GDP ratio, it is easy
to find an enpirical counterpart for such shocks in the
experience of Ireland, Belgium and Denmark in the early

16 By contrast, the two-period nodel of Section 2 only allows the

conjecture that, in an extension with nore periods, the shift from
pooling to separating equilibria would ultimately take place, given

that the debt stock is growing in pooling equilibria (D§>D1), and

that separating equilibria prevail when the debt exceeds a certain
t hreshol d.

v The other possible equilibria considered in Appendix 4 are the
following: pooling in period zero with switch to Case | separating in
period one, pooling in period zero, one, separating in period zero,
one.
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1980s. In those years, the higher real interest rates
prevailing worldwi de and the tightening of the nonetary policy
regine associated with the creation of the EVMS are likely to
have nmade Irel and, Belgium and Denmark switch from pooling to
separating equilibria. As real interest rates increased, the
debt dynamics and the sustainability of the fiscal regine
wor sened, meki ng dependabl e governnents, after an initial drop
in credit ratings, switch to primary surpluses and signal
their types.

A second issue is whether our assunption that type D
can preconmt its policies is justified. This assunption has
been made in a nunber of papers that use game theoretical
models to study nonetary policy signals.' As Cukierman and
Liviatan (1991) pointed out, an alternative to this approach
is to assune, as in Vickers (1986), that there are two types
of policy makers wth different preferences and that the
public is initially uncertain about which of the two is in
power. The latter was indeed the approach we first took in
this paper (see Drudi and Prati, 1993), but we subsequently
adopted the preconmm tnent assunption to sinplify the
exposition of the results. In that nodel , di fferent
redistributive preferences - not different precommitting
ability - characterized the two types of policy maker. Type D
was a government sufficiently "right-wng" (i.e., one for
which the weight of the utility of bondholders in the social
wel fare function was sufficiently larger than in the
popul ation) to be wlling ex-post to repay the debt. This
| arger weight on the utility of the bondhol ders solved the
ti me-inconsi stency problem and prevented the governnment from
defaulting on the outstanding debt. By contrast, in that
framework, type W was a governnment sufficiently "left-w ng"

18 See Barro (1986), Persson and Tabellini (1990, Ch. 3-4) for a review
of the literature.
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not to be willing ex-post to repay the entire stock of debt
out st andi ng.

Only two insights of the previous nodel are lost in the
sinplified version of this paper. First, because this paper
characterizes type D as always willing to repay the debt no
matter how large interest paynents are, crisis equilibria in
whi ch no debt can be issued are inpossible. By contrast, these
existed in the earlier nodel whenever the probability of the
"left-wing" governnent being in power was high enough to
generate risk prema so high that even a "right-w ng"
government would repudiate. Second, because this paper
characterizes type W as unable to preconmt, its optim
repudiation rate is always q, =1, whereas in the previous

version, a partial repudiation wth 0<g, <1 was possible

whenever the redistributive preferences of the "left-w ng"
governnent were not too extrene.

A third issue is whether a nodel with a continuum of
types would yield different results. As it is difficult to
imagine a continuum of types wth varying degrees of
precommitnent ability, this extension is neaningful only in
relation to a nodel wth policy makers wth different
(redistributive) preferences. In this case, as policies are
i npl enented, investors would update their prior probability
that certain types are in power. As a result, signaling would
no |onger be instantaneous and credit ratings would change
continuously once a signaling phase has begun.

Anot her feature of our nodel is that the weak
governnent always defaults on the outstanding stock of debt.
In this respect, this paper is different from Drudi and
G ordano (1995), where the governnent defaults because of an
exogenous shock to real interest rates, or Alesina, Prati and
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Tabellini (1990), where it defaults because of a self-
fulfilling confidence crisis, whose |ikelihood depends on the
maturity structure of the debt (see also Cole and Kehoe,
1996b). W could all ow for exogenous uncertainty (for exanple,
on the risk-free rate) and have type W- and perhaps al so type
D - default only in certain states of the world, but this
woul d only conplicate the nodel w thout adding any additi onal
insights. Note that the fact that in our nodel a weak
governnment always defaults does not prevent this type of
government fromissuing debt, as long as investors do not know
- because of inconplete information - that the weak type is in
power. Only when wuncertainty is resolved wll the weak
governnment face the traditional tinme-inconsistency problem and
be unable to issue any debt.

The advantage of this setup is that we do not need to
assunme exogenous costs of default, as is often done in the
literature, in order to have equilibria with a positive debt
stock. Nevertheless, default 1is costly, because a weak
governnent cannot issue new debt and finance its desired
anount of expenditure after a default. It is inportant to note
that this is not a "punishnment" or a trigger strategy
necessary to support equilibria with a positive debt stock, as
in Gossman-Van Huyck (1988) and Eaton and Gersovitz (1981),
but rather the sequentially rational strategy of all agents
once default has occurred, as in Chari and Kehoe (1990, 1993).
O course, the cost of being excluded from borrowi ng after
default is very nmuch taken into account by the weak governnent
to determine when it is optimal to stop m mcking the policies
of the dependabl e governnent.

Some papers in the literature on sovereign |ending
study signaling nodels with features that resenble those of
our paper, but none fully nodels the fiscal decision of the
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gover nnment and, as a conseguence, characterizes the
equilibrium path of the debt stock, the primary bal ances and
the interest rates as we do here. Cole and Kehoe (1996a), for
exanple, study a nodel where the "honest" governnment type
al ways honors a debt contract because failing to do so would
reduce its utility by a |arge exogenous anount. \Wile their
"honest"” type is somewhat simlar to our "dependable" type

they nodel the debt financing decision as exogenously
determ ned by whether the econonmy is in an even or an odd
period, so that the outstanding debt is either fully repaid or
fully defaulted and no discussion of the optiml anount of
debt to roll over is possible. In addition, given the
different focus of their paper, they do not study signaling
strategies that the "honest” one may follow to separate from
the "normal" one. Detragiache (1989) considers a signaling
nodel with two types of governnent characterized by different
di scount factors rather than by their ability to precommt
their policies. As a result, in Detragiache's nodel the
difference in the discount rates of the tw borrowers
determ nes whether pooling or separating equilibria prevail.

O her papers nodeling sovereign Ilending wth inperfect
information are Kletzer (1989), Atkeson (1991), and Cole, Dow
and English (1995).

3. An econonetric test of the signaling nodel
3.1 Testable inplications of the signaling nodel

Figure 4 summarizes the key predictions of our nodel
When the debt stock is small and initial reputation is high
(top right-hand corner), primary deficits - associated with
pooling equilibria - prevail and ratings remain high because
no governnent is expected to default. As the debt stock
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increases, ' primary deficits decline and, when dependable
governnments are about to switch to primary surpluses and
signal, credit ratings drop (internediate area of the box).
Only when primary surpluses are consolidated do credit ratings
inprove. This inplies that a testable prediction of our nodel
is that ratings (RATE) are negatively related to the debt-to-
GDP ratio (DY) and positively related to the primry bal ance-
to-GDP ratio (PY). If our nodel holds, we should then be able
to estimate a rating function:

(7) RATE = f (DY, PY)

wth f, <0 and f, >0, where f, indicates the derivative

with respect to the ith argunent.

However, our nodel w th endogenous uncertainty on the
type of the policy naker is not the only one to predict a
rating function of this type. A nodel wth exogenous
uncertainty on real interest rates or public expenditure could
also generate very simlar predictions.?® Wth exogenous
uncertainty, investors fear a default not Dbecause a weak
policy maker m ght be in power (as in our nodel), but because
a | arge enough shock to interest rates or public expenditure
m ght hit the econony and force even a dependabl e governnent
to default. In this nodel, for a given distribution of shocks,
a default would be nore likely the higher is the debt stock
and the bigger is the primary deficit. As a consequence, a

19 As discussed in Section 2.3, the debt stock can increase either

because we assune that in the two-period nodel of Section 2 the
initial debt stock D is subject to an exogenous shock or because it
evol ves endogenously as predicted by the three-period extension of
Appendi x 4.

20 There are several theoretical nodels that allow for exogenous
uncertainty. See, for exanple, Mssale, G avazzi and Benigno (1997),
for the case of interest rate shocks, Calvo and Guidotti (1990), for
t he case of public expenditure shocks.
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nodel wth exogenous uncertainty would also predict that
ratings are a negative function of the debt stock and a
positive function of primary bal ances.

The above consideration inplies that we need a sharper
prediction than fx<0 and fp>0 to test the validity of our
nodel . Indeed, our nodel predicts that the signaling power of
primary balances (fpy) IS not constant but varies with the
stock of debt. When the debt stock is |low, pooling equilibria
prevail and fpy should be small because primary bal ances do
not signal the type of governnment in power. By contrast, when
the debt stock is high, separating equilibria prevail and fpy
should be |arge because primary balances have a signaling
role. Therefore, our signaling nodel predicts that fpy should
be greater than wusual during a signaling phase, which is
associated with primary bal ances swi nging into surplus.? Once
signaling has taken place, fpy mMay be expected to return to
its normal (presignaling) |evel.

In summary, the novel prediction of our nodel is that
PY and DY are conplenents in the rating function f(PY, DY),
i.e., fpypy>0.22 Note that this is a prediction of the node
until signaling is conpleted. The nost straightforward way to
test for conplenentarity would then be to create a sanple that
i ncl udes both | owdebt periods (like the 1970s) and hi gh-debt
periods (like the 1980s). The postsignaling observations could
then be either ignored or treated simlarly to those froml ow
debt periods. This happens because, according to our nodel

2 A literal interpretation of our nodel would inply an instantaneous
signaling phase. In our estimtes, we assume nore realistically that
in a wrld in which governments change fiscal nmeasures are often of a
one-of f nature, signaling takes place over a few years, requiring
lasting primary surpluses. Alternatively, we would need a nodel with
a conti nuum of agents as di scussed in Section 2.3.

= W are indebted to a referee for suggesting this interpretation of

our nodel
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once uncertainty is resolved, there is no reason to expect fpy
to remain larger than wusual, even if the debt-to-GDP ratio
remains high. This consideration is inportant because we are
forced to include the postsignaling observations in our
sanple. As ratings are available only since 1979.2, our sanple
begins at the end of the 1970s and covers a period in which
the debt stock is high nost of the tine, with the only
exception being a few years at the very beginning of the
sanple. To have enough observations, we need to include the
post si gnhal i ng peri od of t he | at e 1980s-early 1990s
characterized by still high debt-to-GDP ratios but already
i nproved ratings. Therefore, we test the conplenentarity of PY
and DY by checking whether fpy is significantly larger in the
signaling phase than in the previous and follow ng periods.
The signaling phase is defined for each country as the sub-
sanpl e during which PY swings froma deficit into surplus.

The conpl enentarity of PY and DY in the rating function
f(PY, DY) also inplies that, if the governnment is dependabl e,
the primary balance wll always increase when the debt
increases. The intuition is that the larger effects of the
fiscal tightening on the credit rating always make it nore
profitable for the dependable government to tighten fiscal
policy when the debt stock is high. To test this prediction,
we check whether, in a regression of PY on DY, the estimated
coefficient is positive and significantly greater than zero.
Note that in this case a positive correlation between PY and
DY shoul d al so be expected in the postsignaling phase, because
a dependable governnent would continue to run primary
surpluses as long as the debt-to-GDP ratio remains high.
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3.2 An econonetric test on Irish, Belgian, and Danish data

W test the predictions of our theoretical nodel on
time-series data for Ireland, Belgium and Denmark (Figures 2
and 3). W do not try to test themon Italian data (Figure
1), because the observations available for the signaling phase
are insufficient.

Data are sem -annual, with the prinmary bal ance-to-GDP
ratio (PY) obtained as a linear interpolation of annual
data.?® The credit rating (RATE) is published by Institutiona
| nvestor in March and Septenber of each year and is avail able
since 1979.2. The debt-to-GDP ratio (DY) is the end-of-period
figure of June and Decenber of each year. The sanples are
1979.2-1995.1 for Ireland and Belgium and 1979.2-1992.1 for
Denmar k. 24

The three variables RATE, PY, and DY can be considered
stationary. Although univariate stationarity tests (augnented
D ckey-Fuller tests) confirm the stationarity of all three
series only in Belgium cointegration tests very strongly
reject the existence of less than three cointegrating vectors
for all countries (Appendix 5). Both the trace and the maxi num
ei genvalue statistics (with or wthout the small sanple
correction) yield the sanme result, no matter whether we use
one or two lags in the analysis. As the existence of a nunber
of cointegrating vectors equal to the nunber of variables used

z Infra-annual data on interest paynents, needed to derive seni-annual

primary bal ances fromthe overall bal ances, were not avail abl e.
24 The Dani sh sanple is shorter because of a break in the Danish fisca
series.
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in the cointegration analysis inplies that the three vari abl es

25

are stationary, > we proceed under this assunption.

First, we test whether PY and DY are conplenents in the
rating function f(PY, DY) by checking whether the positive
effect of PY on RATE is stronger during the signaling phase
(see Section 3.1). The estimted equation is:

(8) RATE[ =0, * glRATEt-l + 0, DYt-l +0; PYt-l + 94(DsG* PYt-l )+ Tt

One lag of the dependent variable is included to
elimnate serial correlation of the residuals in the
regressions for Ireland and Belgium?® DY and PY are |agged
one period to avoid sinultaneity bias.?” DSIG is a dummy
variable equal to one during signaling phases and zero
ot herwi se. Signaling phases correspond to the periods in which
primary balances swing from deficit to surplus in each
country. W define them as the periods 1982.1-1988.1 in
I rel and, 1981.1-1989.1 in Belgium and 1982.2-1986.1 in
Denmar k.

Estimation results are summarized in Table 4. The
coefficients g,,09s and g, are all strongly significant and have
t he expected signs. In the long run, an increase in the debt-
to-GDP ratio of 10 percent is estimated to reduce the rating

% See, for exanple, page 276 of PcFiml 8.0 Manual. Wth a nunber of
cointegrating vectors equal to the nunber of variables we can choose
the three cointegrating vectors to be unit vectors (1 0 0), (0 1
0),(0 0 1) without restricting the cointegration space.

2 For Denmark, the coefficient of the |agged dependent variabl e was not

statistically significant. Its inclusion anbng the regressors had
very little effect on the estinmated coefficients of the variables of
i nterest.

2 W al so esti mated i nstrument al vari abl e regressions with

cont enporaneous DY, PY wusing lagged variables as instrunments,
obtaining very simlar results (avail abl e upon request).
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by 2.7 points in Ireland, 3.9 points in Belgium and 1 point
in Denmark. In the long run, a 1 percent inprovenent in the
primary balance during a normal (nonsignaling) phase is
estimated to raise the rating by 0.9 points in Ireland, 3.0
points in Belgium and 0.2 points in Denmark. A simlar 1
percent inprovenment in the primary balance during a signaling
phase is estimated to have an additional |ong-run effect of
2.2 points in Ireland, 1.2 points in Belgium and 0.3 points
in Denmark. This additional effect is strongly significant (at
a confidence |level of 99 percent in Ireland and Denmark and 95
percent in Belgium.

Estimation results suggest two considerations. First,
the smal |l er estimated coefficients for Denmark probably depend
on the smaller variation of ratings in this country conbi ned
with the larger range of variation of its primary bal ances
(see Figure 2). Second, in Belgium the estimated additiona
coefficient g4 for the signaling phase is smaller than the
estimated coefficient g3 for normal periods, whereas in
Ireland and Denmark we obtain the opposite result. This may
suggest a smaller signaling effect of primary surpluses in
Bel gium due to their weaker response to increases in the debt-
to-GDP ratio. This interpretation is confirnmed by the next set
of estimates.

As discussed in Section 3.1, if PY and DY are
conplenents in the rating function f(PY, DY), the primry
bal ance will always increase with the stock of debt when the
government is dependable. To test this inplication, we
estimate the equati on:

(9) PY, = g, +0,(L)PY,, +9,DY, +1,
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Estimation results are reported in Table 5. A varying
nunber of |ags of the dependent variable (two for Ireland and
Denmark, and three for Belgiunm) are needed to elimnate serial
correlation in the residuals. The estimated coefficient g, is
strongly significant and has the expected positive sign. In
the long-run, a 10 percent increase in the debt-to-GDP ratio
is estimated to increase the primary bal ance by 2.6 percent in
Ireland, 1.6 percent in Belgium and 3.0 percent in Dennmark.
The weaker response of the primary balance in Belgium is
consistent wth the weaker signaling effects of the primry
bal ance estimated in Table 4.

4. Aternative explanations of the enpirical evidence

Are there alternative explanations that could account
equally well for the enpirical evidence? As noted in Section
3.1, a signaling nodel is not the only nodel predicting that
credit ratings should decline wth the debt stock and rise
with the primary balance. A nodel wth exogenous shocks to
public expenditure or interest rates wuld have simlar
inplications. W have argued, however, that our nodel nakes
the additional prediction that until signaling is conpleted
the debt stock and the primary bal ance should be conpl enents
in the rating function. This inplies that signaling should be
associated with high debt-to-CGDP ratios and with the primry
bal ance swinging into surplus. In the previous section, we
successfully tested the prediction by showng that during
signaling phases the effect of an inprovenment in the primry
bal ance i s bigger.

Anot her explanation of the deterioration in the credit
ratings of Ireland, Belgium and Denmark in the early 1980s
could be based on the contagion effects of the Mexican debt
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crisis, which would have nade hol ders of governnent debt aware
of the risks of their investnments, inducing them to update
their priors on default.?® W can easily account for this
alternative explanation in the franmework of our nodel, because
a shock to the default priors would result in a switch from
pooling to separating equilibria. This can be verified by
| ooking at Figure 4 where a higher prior probability of
default could reduce 1-p, enough to nove the econony from a
pooling equilibrium to a separating equilibrium area. This
expl anation of the evidence could conpl enment those of Section
2.3 based on an endogenous evolution of the debt-to-CGDP ratio
(see Appendix 4) or an exogenous shock to the debt dynam cs
due to higher real interest rates (in our nodel, a risk-free
factor greater than one). However, when we add the variable
RATE to the determnants of the primary balance in equation
(9), we find a statistically significant coefficient (wth the
expected negative sign) only for Bel gium

Anot her alternative explanation of the enpirical
evi dence could be based on the assunption that investors are
uncertain about the state of the public finances rather than

the type of governnent.?®

In this context, the beginning of
fiscal consolidation may indicate that things are actually
wor se than previously thought and credit ratings may drop if
consolidation is uncertain to succeed. Credit ratings would
then recover when uncertainty is elimnated. Although this
story is consistent with the observed correlations, such a
nodel needs to provide a rationale for the lack of

transparency of the public accounts. Specifically, one would

2 This alternative expl anati on was suggested by one of the referees.

29 This alternative explanation was suggested by one of the referees. A
simlar distinction exists in the corporate finance literature
between inperfect information on the type of firm or managenent and
i mperfect information on the profitability of the project undertaken
by only one type of firmor nanagenent.
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need to explain why a governnment that knows that the public
finances are in good shape would not find it to be in its
interest to increase the transparency of its accounts and
elimnate risk premia paid as a result of this uncertainty.?°
In fact, if the optimal policy were to have transparent
accounts when the state of the public finances is good,
investors would know with certainty that |ack of transparency
signals a bad state of public finances and the start of fiscal
consolidation would not send any additional negative signal.

5. Concl usi ons

In this paper, we develop a signaling nodel to explain
sone stylized features of fiscal stabilization in Ireland,
Bel gium and Denmark during the 1980s and in Italy during the
early 1990s. The first prediction of our nodel is that credit
ratings should be positively related to the primary bal ance
and negatively related to the debt-to-GDP ratio. This explains
why even a country with large primary deficits will have a
high credit rating when the debt stock is small, and why that
country will need a primary surplus to obtain the sane rating
when the debt stock is large. The intuition is that when the
debt stock is small all governnents would run primary deficits
and no governnent would have any incentive to default, whereas
when the debt stock is |arge, dependable governnments would run
primary surpluses to show that they are not of the weak
(defaul ting) type.

However, other types of nodels could predict a rating
function positively related to primary bal ances and negatively
related with to debt stock. For exanple, nodels w th exogenous

% O course, the governnment itself nay not know the state of the public

finances, but this seens unlikely.
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shocks to interest rates or governnent expenditure would
predict a simlar rating function wthout any need to
i ntroduce uncertainty on the type of governnment in power. But
these nodels could not explain why the primary bal ance seens
to have a greater-than-usual effect on credit ratings when it
is about to swing fromdeficit into surplus (Figures 1, 2, and
3 and Table 4). This is the novel prediction of our nodel,
which inplies that primary bal ances and debt-to-GDP ratios are
conplenentary inputs in the function determining the credit
rating. The positive effect of primary balances on credit
ratings increases with the debt-to-GDP ratio until primry
surpluses are achieved and the sustainability of the fisca
regime is signaled. This happens because it is at high debt-
to-GDP ratios that the econony noves from a pooling to a
separating equilibrium with primary balances having strong
signaling power. Specifically, our nodel ©predicts that
signaling should take place when the prinmary bal ance sw ngs
from deficit into surplus. W successfully test this
prediction on Irish, Belgian, and Danish data, although
further research is certainly needed to verify the predicted
signaling role of primary surpluses on a |arger sanple of
countries.

The results of this paper shed new Ilight on the
determ nants of large public debts and on the deviations from
the "tax snoot hing” theory of the governnment budget. Qur nodel
inplies that even dependable governnents find it optimal to
delay the stabilization of the debt-to-GDP ratio. This happens
because they have an incentive to tighten the fiscal regine
when the signaling effect on credit ratings is larger (that
is, when a sufficiently large stock of debt has been
accunul ated). Indeed, in Appendix 4 we show that when a
dependable - but not fully credible - governnent is allowed
to choose the initial stock of debt strategically, its optim
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policy is to accunmul ate a debt stock | arge enough to determ ne
a switch from pooling to separating equilibria and signal its
type by deviating fromoptinmal tax snoothing. In other words,
to obtain an early resolution of wuncertainty, dependable
governnents accelerate the dynamcs of the debt stock and
seem ngly delay stabilization to determ ne the signaling tinme
optimally. Although further analytical research is certainly
needed to check the robustness of this result in an infinite
horizon setting, and possibly with a continuum of types, we
bel i eve that our novel explanation of delayed stabilizations
may conpl enment those based on distributional conflicts and on
the strategic accunul ation of debt ainmed at constraining the
actions of successive governnents.

Wth regard to fiscal sustainability criteria, our
paper suggests that standard neasures should be interpreted
with caution. On the one hand, as long as the debt stock is
relatively small, explosive paths of the debt-to-GDP ratio
with persistent primary deficits need not be a source of
concern because both dependabl e and weak governnents woul d run
the same seenmingly unsustainable policy. On the other hand
when the debt stock is large, explosive debt paths wth
persistent primary deficits are nmuch nore worrying because
t hey signal that the governnent in power is not dependabl e and
is likely to default.

Does this paper shed any light on the prospects for an
inmprovenent in Iltaly's credit ratings? The experience of
Ireland, Belgium and Denmark suggests not only that the
deterioration in lItalian credit ratings at the beginning of
the 1990s is not surprising but also that, if Italian primry
surpluses persist, the ratings wll ultimately inprove.
| ndeed, this has begun to happen since md 1996. The only
remaining peculiarity of the Italian case seens to be the
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relatively slow response of the ratings to the considerable
primary surpluses of the early 1990s, although we certainly
need nore observations on the signaling phase to verify that
this slower response is statistically significant. | f
confirmed, the seemingly smaller signaling power of Italian
primary surpluses may - at least in part - be attributed to
the extrenme political instability experienced by Italy in the
early 1990s and to the large share of one-off neasures often
included in Italian fiscal packages. Both factors would, in
fact, tend to reduce the signaling effect of primry
sur pl uses.
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APPENDI X 1
An econony of risk-neutral agents

In this Appendi x, we present a sinple econony of risk-
neutral agents, whose welfare is maximzed by a governnent
that solves problem (4) in Section 2.1 and whose optina
policy is to set interest factors according to the no-
arbitrage condition (6). Agents are sinultaneously consuners
and investors.

We assunme that the econony is populated by a |arge
nunber of risk-neutral atomstic agents living for three
periods. For sinplicity, we set the discount factor to one, so
that in period zero a representative agent nmaximzes the
expected utility function:

U=Efc +g+gc)
where c; is consunption in each period (t=0, 1, and 2).
In period zero, agents do not work and allocate their

initial endowrent e, between consunption and governnent debt,
so that their aggregate budget constraint is:

G =&- D1-

At time one and two, agents work and receive | abor

income, y, reduced by l|abor taxes t, and distortionary costs

of taxation g(tt)z.31 In both periods, the governnent may |evy

3 This form of distortionary costs is often used in the literature, it

is not particularly ad hoc. In fact, it is easy to show that by
nodel ling explicitly the |abor supply decision of the agents with a
utility function separable in consunption, Ileisure, one would get
anal ogous first order conditions for the governnment problem
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an ex-post tax on the maturing stock of debt plus interest,
q:DiR . In addition, at tine one, governnment expenditure
i ncreases private consunption by a factor a. Therefore, the
agents' budget constraints at tine one and two are:

h
¢ = y-t1-§¢%+[Dﬁza-qg-[m] -ag

h
CC = Y -ta- Et%"'Dsz(l' C]z)-

It is easy to verify that nmaximzing the agents'
wel fare U subject to the governnent's budget constraints
(equations (1) and (2) in Section 2.1) is equivalent to solve
problem (4). Moreover, the following no arbitrage condition
(identical to equation (6) in Section 2.1) is the solution of
t he agents' maxi m zation problem

R(1-g9) =1 t=12

where g7 is the expected tax rate on debt maturing in period

t, given the information set of agents in period t-1. Note
that the first-order condition of the private sector would be
identical, if we considered a small open econony with perfect
capital nmobility and a risk and tax-free international asset.
Alternatively, we could have assunmed a risk-free donestic
technology with a rate of return equal to one.
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APPENDI X 2
Propositions 1 and 2

Proposition 1: Separating equilibria hold for

DlTRf <4 < DR (R + (R - 1).

Case 1: for D;R1<a<:DlRf, type D runs a primary budget

surplus in period one (Table 1 shows equilibrium strategies
and interest rates).

Proof: W derive the optiml strategy of type W in a
separating equilibrium by solving problem (4) wthout
preconmm t nent and under the assunption that at the end of tine
one investors know that type Wis in power:

(4.1)
. 1 2 1 2 A
Mlngs'W,D§'W,q15'W,q§'W E[Dl Rf”w (1_ qf,W) + g - DZ] + E [DZ R;:”W (1- qg’w)] - a g
Sol ving backwards, the |ast period optinmal strategy of

type Wat tinme two is clearly to default on the entire stock
of debt outstandi ng by choosi ng:

q:" = t3" =0
However, given that in separating equilibrium

investors perfectly anticipate the last period policy of type
W they will not buy any debt at the end of tine one, i.e.:

SW_ SW
Dz = R =
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This inplies that, at the beginning of time one, type W
faces the problem

. 1 2
(4.2) Ming, .. - [DRYA-g)+g]” -dag
whose only solution is:
gV =1 gs,w =t =a.

W derive the optimal strategy of type D in a
separating equi | i brium by sol vi ng pr obl en( 4) with
precommtnent to zero default in both periods and under the
assunption that at the end of tinme one investors know that
type Dis in power:

| 1 1
(4.3) Ming, ., > [DRE°+0%°Ds?]" + [D5°]°- a ¢*”,

g

Table 1 shows the optimal policy that solves this
problem Note that, to have a positive g>° we need to inpose
alimt on the range of paraneters in which this equilibrium

. éDF\’jS ~
exists g&—*<a
g 2

[ ey enid

G ven that the prior probability at tinme zero that type
Wis in power isS po, the equilibrium strategy of risk-neutra
investors in separating equilibrium is to set the interest

factor on D, at:

SW — SD — S —
R =R =R =

1- po

and to set the one on D, using Bayes' |aw
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RSP =1, if qf° = 0 isobserved RPW =¥, if qp" =1lisobserved.

Separating equilibria exist only if both type D and
type W have no incentive to deviate from the separating
equi libriumpolicies derived above. As |long as type Wdoes not
mmc type D policies, type D would never deviate from his
separating equilibrium strategy because this is optiml by
construction under the hypothesis of separation and because
any other strategy that confused him with type W would nake
hi m worse off (by not allowing himto i ssue any debt in period
one and preventing tax snoothing). By contrast, to finance a
| arger expenditure w thout Ilevying nore taxes, type W may
deviate from his separating equilibrium policies and mmc
type D policies at tinme one, causing a breakdown of the
separating equilibrium |In the deviation strategy, type W
mmcs type D strategy at tinme one and defaults on the entire
stock of debt at time two.** To rule out such deviation, we
need to check the range of paraneters for which:

o > Gy

where C' is the cost for type i (i = Wor D) either in
equilibrium(j = S for separating and j = P for pooling) or in
the deviation from equilibrium (j = SDev for the deviation
from separating and j = PDev for the deviation from pooling).
It is easy to verify that the above inequality is satisfied

whenever ¢®° < a or D;R;>a. The latter inequality provides

the upper limt for the range of paraneters in which Case |

% As off-equilibrium beliefs, we assunme that investors believe that

there is a zero probability of type Wbeing in charge if they observe

q, =0.
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separating equilibria exist and inplies that these equilibria
are associated with primry surpluses.

Case Il1: for DiIRR<4 <Di(R)’(RR++(R)*-1), type D runs a
bal anced primary budget in period one (Table 2 shows
equilibriumstrategies and interest rates).

Proof: Case Il separating equilibria may energe in the range
of paranmeters in which the stock of debt maturing in period
one is so small, D,RI£d, that type Wdeviates fromhis Case
separating equilibrium strategy making Case | equilibria not
viable. Case |l separating equilibria will be possible in the
range D,R;£da only if type D finds optimal to restore the
viability of a separating equilibrium by deviating fromits
Case | strategy and inplenenting policies that type Wdoes not
mmc.

The optimal strategy of type D solves the problem (4.3)
subject to the constraint that type W nust be unwilling to
mmc, i.e. C¥*3 Cy, where C¥® is now the cost for type W of
mmcking the optimal Case |l strategy of type D. This
constraint amounts to a maxi mum | evel of expenditure for each
| evel of taxes chosen by type D in period one:

") ,a
2a 2

9" £

Type D problemin Case Il can then be rewitten as the
following mnimzation problemin

. 1 1 t >0 A 2 . SD A
(44) Mlntf'D E[tf’D]2+§ D1R15+(zlé)+%_th] -4 [(tl_’\)_'_%]
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The unique real solution of this problemis t?°=a ,

which inplies a balanced primary budget in period one. Gven
taxation, the other equilibrium values follow from the

S, D

constraint on g and the governnent budget constraints. Type

Wequilibriumstrategies are the sane as in Case |

Case Il separating equilibria exist only if both type D
and type W have no incentive to deviate from the policies
derived above. Type W cannot deviate by construction
Conversely, type D could deviate by reoptimzing at tinme one.
In the deviation, type D chooses a set of policies in period
one that do not allow the public to distinguish himfromtype
W because he reckons that the benefit of a higher expenditure
in period one nore than conpensates the cost of paying an
i nterest prem um between period one and two. 3 Type D problem
in the deviation is problem (4.3) nodified to allow for

1
1- p,

Dev,D —
RZ =

>1

; 1 S,D SDev,D evd |2
(4.5)  MiNous jzuo [DlRl +97 - D3 ] +

+% [Dgnev,o RZSDev,D]Z - 4 gPeP

with sol ution

A ev,D\2 | &
DZSDev,D — a SDev,D - [1+ (RSD D) ] a

2 2 2 - Dls °.
[stnev,o] 9 [ R%De\/,D] R

8 The off-equilibrium beliefs are the follow ng: whenever investors

observe the deviation strategy of type D in the separating
equilibrium they revert to the pooling pricing of bonds. This is
justified from the observation that it would be in the interest of
type W to nmimc that policy in the deviation from separating
equilibria.
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To rule out the deviation of type D from Case |II
separating, we need to find the range of paraneters in which:

) s
Cy"*>Cp

or

2

2 z 2 A N
1. 1f a . gL+ (RP>0)]4 o1, 1 A
—a += -a @ -DIRU > Za?+=(DRY)? - a4l
2 2[ e\/’D] é (joev’D)Z 1 1g 2 2( 1 f)

This inequality holds in a range whose limts are the
two values of ds that solve the associated second order
equation. The lower limt can, however, be neglected because
it is outside the range of ds is relevant for case |II

1

(D:Ri£a). Therefore, after setting RfDe”’D=Rf=1p,
Mo

conclude that Case |l separating equilibria exist in the
range:

DR E£a < Dl(Rls)z(Rls"'\/(Rls)z -1).
Proposition 2: Pooling equilibria exist in the range
D: RB(REA(RE)? - 1) <4&.

In pooling equilibria all governments run a prinmry
budget deficit in period one (Table 3 shows equilibrium

strategies and interest rates).
Proof: The optimal strategy of type Win pooling equilibrium
is to choose:

q;" =1 tz"=0
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and to mmc type D optinmal strategy in period one.

Gven that in pooling equilibria type Wdefaults only
at tinme two, no revision of beliefs is possible at tinme one
and the equilibrium strategy of risk-neutral investors is to
set interest factors at:

RY=R"=1 RY=R =R =

1-py

We derive the optimal strategy of type D in a pooling
equi librium by solving problem (4) with preconmtnent to zero
default in both periods and under the assunption that
investors set interest factors as indicated above:

. 1 2 1 A
(4 6) Mlngva’ngD E[Dl+ ngD _ DZP,D] + E [DZP,D RZF’,D]2 - a gP,D.

Table 3 shows the optimal policy that solves this
pr obl em

Pooling equilibria exist in a range of paraneters in
which neither type W nor type D deviate from the above
equilibrium strategies. Type W does not deviate from the
pooling equilibriumstrategy as long as type D runs a primary

deficit at time one:

The intuition is that, if type D chose to run a primary

surplus by setting g™° < tPP=4, type W would be better off
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defaulting on the outstanding stock of debt and running a

bal anced budget by setting g™V < tfPoW=43.

The primary deficit requirement can be obtained
formally by checking in which range of paraneters:

Cw" > Cl
or

1., 2 1 bpye2 P.D
—a‘-a“-> = : -a .
2 2('[1) g

This inequality is satisfied for:

P.D

g">ti? « a>p(R)? « DIP> Dy

note that the inequality a>p,(R))? is always satisfied in the
range of Proposition 2, which reflects the condition for no-
deviation of type D that we are about to derive.

Type D could deviate from its pooling equilibrium
strategy by reoptimzing at time one. |In the deviation, type
D chooses a set of policies in period one that distinguish him
from type W because he reckons that the benefit of paying a
risk-free interest rate between period one and two is |arger
than the cost of cutting expenditure to a level that type W
would not mimic.* The optimal strategy of type D in the
deviation is the one that solves the problem (4.6) wth

RyP=R°*P =1 and subject to the constraint that type W nust

34 W assunme that in the deviation off-equilibrium beliefs are such

that, if the optimal deviation policy of type D (derived below) is
observed, investors require the risk-free interest rate.
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not mmc. This constraint (anal ogous to the one derived above
in the proof of Proposition 1 for Case |l separating
equilibria) amounts to a maxi mum | evel of expenditure for each
| evel of taxes that type D chooses in period one in the
devi ati on from pool i ng:

(t Poev, D)

oD ¢ &
2

Type D problem in the deviation from pooling can then

be rewitten as the follow ng mninization problemin t™®:

, ) 2
é (t PDev D) u
. 1 é 1 a u
Mlnt PDer.D _[t PDev, D] + - éD]_+ - + - theVDu +
1 2 X 2a 2 .
e u
e u
é( PDev,D)Z u
4 al, N au
€ 2 24
e u
e u

The unique real solution of this problemis t{**P=

PDev,D

which inplies g, =4 and a bal anced primary budget in period

one.

To rule out the deviation of type D from pooling, we
need to find the range of paraneters in which:

P.D P
Co >Cp

or



LA 2 ‘Z:Z +(R§:D)2\A u

1., 1 ., 4, 1., léa“u ~ 6 u
~a‘+=-Df-a° >=a*+>-a3—- - a - Dy -
! 2 2eR§u € p D) u

eru ) (sz) a

€ u

This inequality is satisfied in the following two
separ at e ranges:

a <D RER - |(R)"- 1%
a > D, RER +(R)" - 12

We conclude that pooling equilibria exist only in the

upper range because only in this one the condition a > D, (R))’

for the no-deviation of type Wis satisfied.
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APPENDI X 3
Pareto dom nance in multiplicity range

This appendix proves that in the multiplicity range
both type W and type D prefer pooling equilibria to Case II
separating equilibria.

Type W

Type W will prefer pooling equilibria to Case |
separating equilibria if:

Cl < Ci

or

This inequality is always satisfied in the nultiplicity
range because in that range pooling equilibria exist and, to
prevent a deviation of type W from pooling, the inequality
g™ >4 nust hold (i.e., pooling equilibria exist only if
there is a primary deficit in period one, see proof of
Proposition 2 in Appendix 1).

Type D

Type D wll prefer pooling equilibria to Case II
separating equilibria if:

Cb <C3
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or

1/\2 1 2 A2
1 -ag - < =a® +=(D -a
2% T 2&reol T 22" *3(DR)

This inequality is always satisfied in the nultiplicity
range because in that range pooling equilibria exist and, to
prevent a deviation of type D fromits pooling strategy, the

inequality CiP*>cp nust hold (see proof of Proposition 2 in
Appendi x 1), but, given that Cc3>Ci?, also the inequality
Cs>ChH hol ds.
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APPENDI X 4
A three-period nodel

In this Appendix, we add one period to the nodel of
Section 2 by allowing the governnent to choose at tinme zero
the optimal |evel of debt, D), taxes,t,, and expenditure, Jo.

The new governnent's budget constraints are:

(0) 90:t0+D1
(') DR@-9,)+g,=t,+D,
(2) D,R,(1-q,) =t

The tim ng of the gane becones:
Time O Time 1 Time 2

- - I - - I -
goaDlato R’]. gj_a D21q11t1 RZ qzatz

equation (3) becones:
h 2 2 2
E(t0+t1+t2) 'a(go+gl)

probl em (4) becones:

1

. 1
( ) MInQo:DleZxDz,QLQZ E(go B 1)2 + E (Dl Rl(l- ql) + O - DZ)Z +
4|

+ Z(D:R(- q2) - & (6 * 9

Note that the nodel needs to be solved backwards to
insure sequential rationality. This inplies that the results
of Propositions 1 and 2 still characterize the possible
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equilibria of the gane starting at tine one for any given D
and that we need to study how these equilibriumstrategies for
peri ods one and two can be conbined with the optinmal strategy
in period zero. There are four types of possible equilibria:
(1) pooling in period one conbined wth pooling in period
zero; (2) Case | separating in period one conbined wth
pooling in period zero; (3) Case Il separating in period one
conbined with pooling in period zero; (4) separating in period
zero.

Proposition 3. In the three-period nodel, there is only one
equilibriumwith type Wand type D choosing Case Il separating
equilibrium strategies in periods one and two (Table 3) and
the follow ng pooling equilibriumstrategy in period zero:

4, g =a ZFRYO L _ 4
R RGO NG

In this equilibrium the primary budget is in deficit
in period zero (pooling) and is balanced in period one
(separating).

Proof: Qur solution strategy is the follow ng. First, we
derive the optimal policies and the conditions for the
exi stence of each of the four possible equilibria. Second, we
let type D choose the debt |evel, Dy, that mnimzes overall
costs.

(1) Pooling in period one conbined with pooling in period zero
In this equilibrium to find the optinmal strategy of

type D at tinme zero, we let the governnment solve problem (4')
subject to the constraint on D in Table 3 and taking the
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pooling equilibriumstrategies in period one and two of Table
3 as given:

j %1+ (R))’] &

, . 1 o 1., 1@®@&06 . = . 9
(4'.1) Mmgo,o1 E(go' D)” + E(a) +§ 8@5 a(go) aé (Rzp)z D]E

subj ect to:

A

a

<
RE(RY +(R)? - 1)

D,

the solution of this problemis:

a

R(R +4(R)* - 1)

t,=a -A <D<

type D can choose any D, in the specified range because, wth
Ri=1, go and g: have the same marginal utility so that type D
can shift expenditure between period zero and period one by
varying D, without affecting welfare. The LHS inequality on D
follows fromthe optimal policy t,=a conbined with the non-
negativity requirenment for go, Wwhereas the RHS inequality
follows from Proposition 2. A negative D, inplies that the
government accunul ates assets between period zero and period
one that are then used to finance a larger g:;. A negative D
also inplies that the governnment runs a primary surplus in
period zero to which it corresponds a larger primary deficit
in period one. This means that even though in a three-period
nodel primary surpluses at zero may be associated with pooling
equilibria, these surpluses are not | asting.
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The pooling-pooling equilibriumstrategy will be viable
only if neither type Wnor type D find optimal to deviate from
it. Type Wwill never deviate fromit because the cost of not
mmcking type D policy in period zero (and then adopt an
"autarchy" strategy in which he runs balanced budgets in
period zero and one by choosing to=9,=t;=9,=a ) is |larger

than the cost of mmcking it:

’1+ P,Dy2 a l]
P PLIPLIPLES laz+laz-a(ol+a)-a 2[ (RZP)] - Dil-
2 2 2 2 & R} g

Type Dw Il also never deviate fromthe pooling-pooling
strategy. To show it, we first need to find the primry
surplus at time zero at which type W prefers the "autarchy”
strategy and then show that type D al ways prefers the pooling-
pooling strategy to running such a large surplus at tine zero.
To force type Winto "autarchy”, type D needs to choose a
|arger than optimal level of taxes in period zero ty>»4a

t oget her wi th Di=-to«< -8, 9,=0, t;=t,=48a, 9,=24- D, so
t hat :

42- 4 (24 +t,)

N
Q,
N
+
N
Q,
1
Q,
1
Q,
N
N
N
=
o
N
N
N

which is satisfied for any t,>d?(1++/2). Type D wll then

never deviate fromthe pooling-pooling strategy if:

A

R A’1+ P,DZau
o ae 5 Jrr®OY]AU

g (R?)

1 1. 1. A 1. 1. 1.
() +=4%+>4%-4 (24 +f,)>=a*+=-a*+=-a
ST +5 > (28 +to) > > >
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which is always satisfied for any f0>ézm.+v§). Note that in
the RHS of the above inequality we have arbitrarily chosen
D,=0. This can be done without |oss of generality because D;=0
is in the pooling-pooling equilibriumrange.

(2) Case | separating in period one conbined with pooling in
peri od zero

In this equilibrium to find the optinmal strategy of
type D at tinme zero, we let the governnment solve problem (4')
subject to the constraint on D, in Table 1 and taking the Case
| separating equilibrium strategies in period one and two of
Table 1 as given. W also rewite problem (4') in terns of t,
and Di:

(4'.2) Min, %+(t0)2 " %(é)2+%(é)2- dt,- D)- (24 - D.R)
subj ect to:

a
D1>E$f

the solution of this problemis:
o 0
t,=4a i m nf gbl<éi+.
R o

Note that the solution for D is a corner solution
corresponding to the mninmum D, at which Case | separating
equilibria exist. This happens because the derivative of the
cost function (4'.2) with respect to D, is always positive
inmplying that D, should be chosen as small as possible. At
time zero, type Wnever deviates fromthis equilibrium because
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type D always runs a primary deficit. Also type D never
devi at es because the follow ng inequality always holds for:

f,>a (1++2):

1.

~ ~ n o .
%(to)2 + —a” + % 2 -a(2a +t_)>%a +%a2 +%a2 ? Fs\)i)a a2

(3) Case Il separating in period one conbined with pooling in
peri od zero

In this equilibrium to find the optinmal strategy of
type D at tinme zero, we let the governnment solve problem (4')
subject to the constraint on D, in Table 2 and taking the Case
Il separating equilibriumstrategies in period one and two of
Table 2 as given:

(4'.3) Ming

1 2 1., 1 sms\2 N
5@ - D)+ Z@) +2 (DR - (@) -

subj ect to:

(R)*(R°+(R)*- 1) R

the solution of this problemis:

t,=a D, =

at tinme zero, type W never deviates from this equilibrium
because type D always runs a primary deficit. Also type D
never devi ates because the follow ng inequality always holds

for t,>d4%@1 +/2):
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2 , N
1 5 1., 1., 1., 1., 1240 &L+ (R)»au _,
T(t)? + Cal+-a’-aa+t)> A2+ -a+ oot -4dg - a2,
2(0) 2 2 ( 0) 2 2 28R§a & (R d

(4) Separating in period zero

The separating equilibriumin period zero never exists
because type Dw Il always prefer equilibria (1), (2), and (3)
above. This follows fromthe fact that the conditions for no
deviation of type D at time zero from such equilibria are
al ways sati sfied.

Equi li brium sel ection

Type D chooses the D, in period zero that corresponds
to the equilibrium that mnimzes the overall cost. This is
equilibrium (3). The cost associated with equilibrium (3) is,
in fact, always smaller than the one associated wth
equi librium (2):

2
. . 30 . &1+ (RH%A)U . .
laz_‘_iaz_'_ Egeas: _ag(l (F\S)iza)u_ a2<£az+
2 2 2eR'e & (R) 0 2
. ~,  ~&l+R»A)u .
rla2alaz g e(é—l Ris) a)(r a’.
2 2 e R 1

Simlarly, the cost associated with equilibrium (3) is
al ways smal |l er than the one associated with equilibrium(1):

2
. . 10 &L+ (R)%PA)U . .
1 2+1a2+ lgeas: _ag(l (F;’iza)a_ a2<1a2+
2 2 2eR°e g (R) 0@ 2
Lo 1., o €+ (RA)
+Z42+24%-4%-a 42275
2. 2 & (R) @



APPENDIX 5

Cointegration analisys

(THREE VARIABLES: RATING, PRIMARY BALANCE-TO-GDP RATIO, DEBT-TO-GDP RATIO)

Ho. Max - enval — T —

P small 95% smal! 95%
coint. sample critical sample critical
vectors value value

(IRELAND. Number of lags used in the analysis: 1. Sample: 1980 (1) to 1995 (1))

p=20 28.70** 25.92%* 21.0 52.43**  4736** 29.7
p<=1 19.15%* 17.29* 14.1 23.73%** 21.44%* 15.4
p<=2 4.58* 4.14* 3.8 4.58* 4.14* 3.8
(IRELAND. Number of lags used in the analysis: 2. Sample: 1980 (2) to 1995 (1))

p=20 17.24 13.79 21.0 32.26* 25.81 29.7
p<=1 8.95 7.16 14.1 15.02 12.01 15.4
p<=2 6.06* 4.85* 3.8 6.06* 4.85* 3.8

(BELGIUM. Number of lags used in the analysis: 1. Sample: 1980 (1) to 1995 (1))

p=20 32.57** 29.42%* 21.0 58.87**  53.17** 29.7
p<=1 16.80* 15.17* 14.1 26.30**  23.76** 154
p<=2 9.50** 8.58** 3.8 9.50** 8.58** 3.8
(BELGIUM. Number of lags used in the analysis: 2. Sample: 1980 (2) to 1995 (1))
=0 33.55%* 26.84** 21.0 67.58**  54.06** 29.7
p<=1 21.44** 17.15* 14.1 34.03*%* 27.22** 15.4
p<=2 12.59** 10.07** 3.8 12.59**  10.07** 3.8

(DENMARK. Number of lags used in the analysis: 1. Sample: 1980 (1) to 1992 (1))

p=20 2427+ 21.36* 21.0 53.02**  46.66** 29.7
p<=1 19.68** 17.32* 14.1 28.74**  25209%* 154
p<=2 9.07** 7.98** 3.8 9.07** 7.98%* 3.8
(DENMARK. Number of lags used in the analysis: 2. Sample: 1980 (2) to 1992 (1))
p=20 24.73* 18.55 21.0 45.18**  33.88* 29.7
p<=1 11.56 8.67 14.1 20.44** 15.33 15.4
p<=2 8.89** 6.66* 3.8 8.89** 6.66** 3.8

All statistics are calculated by PcFiml 8.0 (see pages 276-278). (**) and (*) mark that the null hypothesis is rejected at a
confidence level of 99 and 95 percent respectively. The maximum eigenvalue statistic tests H,: p cointegrating vectors
(cvs) against H,: p+1 cvs. The trace statistic tests H,: p cvs against H,: > p cvs.
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Fi gures and tabl es
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Figure 1
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Figure 2
RATING AND PRIMARY BALANCE-TO-GDP RATIO
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Figure 3

RATING AND DEBT-TO-GDP RATIO
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Figure 4
EQUILIBRIUM EXISTENCE RANGES
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SEPARATING EQUILIBRIUM (CASE I)

Equilibrium range:

DR/} 3
™ < e <DR’ - — <<
2 2l1-py D,

Equilibrium policies:
s sw_psp_ 1
0

g5V=¢ gP=264-DR’< &
6" =1 6;°=0

esiPeg
D=0 DP=é
Ry =w Ry =1
65" =1 652 =0
‘c‘;’w=0 ‘rg’D=&

Primary balance of type D in period 1:

17?-g%2 = 4-(2&-DR) > 0

Table 1
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Table 2

SEPARATING EQUILIBRIUM (CASE II)

Equilibrium range:

y  1ef1-(p?
DR < & < DRY{RS+|®RP-1) = —L1— < Di < 1Py
1

(1-py 1-py)’

Equilibrium policies:
Rls - Rls,w_=Rls,D 21
1-p,
g SW_ g SD_g
oy =1 0} =
tf’w= tf'D =@
D;¥=0 D,°=DR <&
Ry =e RP=1
65" =1 0° =
7=0 7’ =DR, <&

Primary balance of type D in period 1:
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POOLING EQUILIBRIUM

Equilibrium range:

DIRZI-,(RzP*\/EP)Tl)s‘a _ 1y1-0py

(1-py*

Equilibrium policies:

R,
6>¥=1 6;°=0
¥=0 5l

Primary balance of type D in period 1:

P,
ro_ o g | TR

(R)?

-D,|<0

&
D,

Table
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