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I. INTRODUCTION

Monetary unions, currency boards, or dollarization have recently been introduced in a
number of countries. Theoretical and empirical analyses have shown that such a regime switch
may limit inflation, lower risk premia, and have positive budgetary implications. However, the
existing literature has often neglected the endogeneity of other variables, such as the default
risk, to the monetary regime. In fact, default may under some circumstances replace inflation
and therefore limit the beneficial effects of the new monetary regime. The main point of this
paper is to define the conditions under which such a regime switch can have negative
implications and to determine the impact of the regime shift on the dynamics of public debt.

A level of debt that is sustainable under one monetary regime may not be sustainable
under another. The dynamics of the public debt are intimately linked to the institutional
environment regulating the relationship between the central bank and the government, insofar
as that relationship affects inflation. Altering this relationship through monetary integration, a
fixed exchange rate regime, a currency board, dollarization, or increased central bank
independence is likely to affect highly-indebted countries in several ways. First, the cost of
servicing the debt may increase. Second, rolling over the debt can become difficult because
the existing stock of debt may be unsustainable under the new monetary regime. In this case
the government has three options: tax increases, default, or inflating the debt away. Two
examples from very different countries and eras illustrate this point. In 1843, eight U.S. states
defaulted after a period of increasing debt accumulation, The defaults were the consequence
of an abrupt decline in inflation in 1839, followed by a long period of deflation.! And
following Brazil’s real stabilization program in 1995, many Brazilian states experienced a
serious fiscal crisis because they could not adjust to the low-inflation environment achieved by
the program.” In both cases unwillingness or inability to pay resulted in a row of default.

The design of European monetary integration also illustrates this point—and it is with
European monetary integration that this paper primarily concerns itself. In setting up the
monetary union, policymakers were concerned primarily with securing price stability and fiscal
soundness in order to avoid pressuring the monetary authorities. Policymakers have used two
approaches to prevent governments from resorting to some form of inflation financing. The
first approach focuses on fiscal criteria as embodied in the Maastricht treaty, and the second
on the creation of monetary institutions with a clear mandate to keep prices stable—and
indeed the European Central Bank’s primary objective is to ensure price stability. The no-
bailout clauses prevent the central bank from financing government deficits.

! See English (1996) for a complete discussion.

“ See the discussion on the Post-Real Fiscal Crisis in the Brazilian States in Brazil — Recent
Economic Developments, IMF (1998).



We present a two-period model based on Calvo (1988), in which inflation and default
(partial or total) are endogenized to allow us to account for changes in institutional monetary
arrangements. We focus on public debt denominated in domestic currency. The model
assumes that a benevolent government must repay in period two debt accumulated in the first
period. The government’s ability to repay depends on its willingness to raise distortionary
taxes and the central bank’s monetary policy. But the alternative to tax increases is outright
default (full or partial) on the debt. Default can also be seen as a tax on bond holders. Debt
repudiation is costly: the costs are directly proportional to the amount being repudiated,
resulting in a trade-off between the costs of default and the costs of distortionary taxes. The
central bank wants to achieve price stability around its inflation target. If the government is
expected to default, the central bank may ease its monetary policy, providing the government
with additional resources. But such a bailout is not warranted because it conflicts with the
objective of price stability.

We also consider a one-country and an n-country case. The n-country case can be seen
as a monetary union with one central bank and several fiscally-independent countries. We
show that countries in a monetary union accumulate less debt than a country in the one-
country case, because the central bank is less likely to accommodate its monetary policy in
case of a fiscal crisis. Beetsma and Bovenberg (1996) by contrast argue that monetary
unification leads to excessive debt accumulation because the central bank has an incentive to
boost output through unexpected inflation. Their argument goes as follows. The higher the
level of public debt, the greater the incentive to increase the inflation rate. In order to achieve
a lower inflation rate, in a one-country case the government will accumulate less debt. In a
monetary union, however, inflation is a public good, reducing the incentive to limit debt
accumulation, resulting in higher debt level.

In our framework the central bank has an incentive to avoid fiscal crises (default). Ina
menetary union a fiscal crisis in one country will trigger a diminished response (if any) from
the central bank, which is concerned with the welfare of the entire union. Therefore the
marginal benefit of inflation in a monetary union is reduced, resulting in a tighter budget
constraint for the fiscal entities of the union.

Related works on debt and defauit include Alesina, Prati, and Tabellini (1990); Barro
(1979); Calvo (1988); Giavazzi and Pagano (1990);, Grossman and Van Huyck (1988). None
of these works underline the trade-off between inflation and default we are interested in. An
important literature has emerged around the European monetary integration that focuses on
fiscal criteria and their impact on inflation. This literature includes Bayoumi and Masson
(1995), Beetsma and Bovenberg (1995), Beetsma and Uhlig (1997), Eichengreen (1993),
McKinnon (1996, 1997a, 1997b), Van Der Ploeg (1995), Von Hagen (1995) and Wyplosz
(1991). The research focuses on the impact of monetary integration on public debt
accumulation, budget deficits, or inflation, and the relevance of fiscal rules. However, these
works do not analyze the implications of default. This paper addresses this issue as well.



In the next section we present the model. In sections III and IV we analyze the one-
country case and the monetary union case respectively, and we conclude in section V.

II. THE MODEL

The structure of the model is similar to Calvo (1988), with two periods and two
agents: a representative individual and a benevolent government. In period 0, individuals can
buy bonds by, with a gross interest factor of R. That is, in period 1 consumers receive R units
of output per unit of bonds they hold (expressed in per capita units of output). They
accumulate physical capital k, that vields R (the constant interest factor of holding capital k)
and hold cash m, (money bears no interest). Money demand is constant (inelastic to the
interest rate), so real cash holdings are given by M, /P, = m,. Assuming perfect foresight,

consumers are indifferent between bonds and capital. Thus we have:
(1-0)(1-7)R, =K (I

The return of bonds, adjusted for the expected inflation tax & and the expected share of the
debt that is not repaid 0, equals the return of the risk-free asset.

The inflation rate p determines the inflation tax 7 and the seigniorage revenues.

Seigniorage revenues s for the government are defined as the revenues from money growth.
Let M, be the money supply and P, the price level. The amount of real resources that the
government can obtain by increasing the money supply is:

so that seigniorage revenues s are equal to mm, with 7 equal to

- -

+p

The government sets the tax rate T and can default a share 6[0,1] of its bonds. The
repudiation of one unit of real bond debt service incurs a cost to the government of a&[0,1).
The costs of outright default can be seen as some form of deadweight loss. The cost of default
explicitly enters the government budget constraint, which is given by:

t y+am,=g,+(1-0)(1-7)R,b, + a6 (1 - =) R,3, (2)

* r=1 corresponds to an infinite inflation rate, with the government appropriating all the
possible revenue from seigniorage.



where (1-0)(1-n)R:by is the total reimbursement net of default and the inflation tax. On the
left-hand side of the budget constraint are the resources available to the government;
expenditures are on the right. Using equation 2 total default on bonds is given by

g —wm +(1-m)Rb, — 7y

BR b = 3
b (1-a)1-7x) ®)
In period 1 individuals consume all their wealth, The benevolent government
maximizes their consumption:
¢ =(1-7)y+Rk+ (1 -0 -7)Rb, + (1 m)m, — () - ¥(x) (4)

where y is the consumers’ endowment of labor income in period 1. The second term
represents the revenue from capital, and the third the cash holding net of the seignoriage tax.
In this case Ty represents tax paid to the government and z(<) the deadweight cost of
taxation. The welfare costs of inflation are represented by W(n). We assume that both ‘P'(xt)
and z(t) are convex.*’

The central bank’s objectives are to stabilize inflation around its target and to promote
the stability of the payment system.® The first objective is standard and aimed to limit the cost
of inflation. A natural way to formalize the second objective is to have the central bank attach
a cost to default in its objective function. The central bank loss function is given by:

a):g(ﬁ—fr*)2+8 (%)

* W(x) is such that ¥(0) = ¥'(0) =0 and ¥'(x) > 0 for all 7.

* 2(7) is such that z(0) = 0 = z'(0); z"’(t) > 0 for all T and lim Z'(f)=oc=- lim z'()

r—-1

® Stability in the financial system appears to be a second major preoccupation for central
bankers. In Capie and others (1994), Paul Volcker states “the concept of price stability is to
be treasured and enshrined as the prime policy priority; that objective is inextricably part of a
broader concern about the basic stability of the financial and economic system.” Karl-Otto
Pohl says nothing else when he states that “a central bank has to think more and more about
the financial stability in a wider sense not only price stability but stability in the financial
system.” Jacques de Larosiére pursues the same idea by stating that “preventing systemic risks
has become one of the major concerns of any central banker” but he is “conscious that in
some cases a multiplicity of objectives may lead to some contradictions.”



where a is the weight attached to price stability relative to default. Such a formulation has
several advantages. First, in the absence of a fiscal crisis the unique objective is to stabilize
inflation.” When a fiscal crisis does occur, the central bank cannot ignore the possibility of
default and may be forced to adjust its monetary policy. Second, the formulation formalizes
the central bank’s roles as lender of last resort and banker to the government. The term 6 in
the loss function also represents the idea that government default is a kind of risk that cannot
be dealt with through prudential regulation or monitoring. Third, when the central bank’s loss
function is at its minimum, the welfare outcome is identical to the first-best outcome achieved
in a model in which the government can pre-commit not to inflate and default ®

In a monetary union with 7 countries, the central bank loss function Q is transformed
50 that each country is weighted according to its relative size ¥, in the union.” That is:

0=2(n-mr) -3 r6 (©)

Any deviation of the union inflation rate IT from the target IT" is costly; a is the relative weight
attached by the central bank to the price stability objective. Any deviation of 8, from 0 is
costly for the central bank.

The loss function shown in equation 6 internalizes some key issues related to
European monetary integration. The main objectives of the European Central Bank are to
achieve price stability and promote the smooth operation of the payments systems. '
However to balance the kind of objectives embodied in equation 5 and 6, Articles 104 and
104a of the Maastricht Treaty ban direct central bank financing and access to favorable
financing. Article 104b takes the constraint one step further, making each member responsible
for servicing its own public debt, even in a fiscal crisis. If a member state fails to service its
debt, neither the central bank nor other member states will bail the country out. The objective
is to cut any potential link between the fiscal policy of a member state and the conduct of

" The literature traditionally assumes that the objective function of the central bank is to
stabilize inflation and output around some potential level. In our model output is exogenous.

® Provided that the inflation target is equal to the first-best inflation rate. In the absence of a
central bank, the government faces the standard time-inconsistency problem and will end up in
the second-best equilibrium.

?v; can be defined by country s GDP in the union’s GDP or by the share of country 7 debt in
the aggregate debt of the union.

' Per Article 105 of the Maastricht Treaty.



monetary policy. Whether these articles can credibly be enforced remains to be seen, but their
existence justifies and supports the way we formalize the central bank’s objective function."'

II. THE ONE-COUNTRY CASE

We look at Stackelberg equilibria, in which the government sets its fiscal policy after
the central bank has implemented its monetary policy 7. The government chooses T to
maximize ¢;, subject to the budget constraint (2), taking R; as given, and subject to 0¢[0,1].
Therefore T must satisfy:

Lom=-2 %
y -«

The optimal level of tax rate 7 (derived from equation 7) determines the optimal fiscal
policy (6(x),7"). That is:

_& +(1_E)Rbb0 —am,

0 if fyzg+(1-7)Rb—7m, T
Yy
8(r)=41 if Ty<g+a(l-n)Rb,—rxm, T =f (8)
8" otherwise =7

where:

g*zgl_mo_‘_(l_ﬁ)Rbbo_%uy (9)
(1-a)1-m)Rb,

Given (8) and (9), there exist z, and &, , so that for any inflation rate below 7,
() =1. For any inflation rate above 7, , 8()=0."* The first and second derivatives of &(r)
are respectively:

"! The unique source of inflation in this model is fiscal.

12 aRb +g - ?y

. _Rb+g -7

and =« Y Note that as o increases, T, converges towards Ty,

H

aRb +m Rb +m



0 if 7<rm,
0 if m>my,

< 0 fWr <m<ay,

0 if m<nm,
6'(7) =+ 0 if #>m, and 6'(7)

8 _my—ty =<0 ifz, <m<my,
(1-a)Rpb,(1-7)

Figure 1 represents the default function with respect to inflation. Note that z, and
7, depend positively on the cost of default, the stock of debt, and the interest rate on public
debt. Remember that at this stage inflation is set by the central bank and given to the
government,
Figure 1 : Default and Inflation

N

The intuition is that a too-tight monetary policy makes servicing and repaying the debt
so costly that the optimal choice is to default, either partially or fully.

The central bank anticipates the government’s strategy. It minimizes its loss function
(5) with respect to 7, given (8) and (9). The following first-order condition determines the

optimal monetary policy:
a(fr - x*) = —9'(;1) (10)

Since #"(7) is not positive, the optimal monetary policy is such that 7 > " The

following lemma summarize the results (for proofs, see the appendix).
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Lemma 1: If total debt service is low, then the central bank sets inflation at its target
and the government does not default.

Lemma 1 gives a clear condition on the size of the debt, so that the central bank does
not implement inflationary policy and the government sets a sound fiscal policy.

Lemma 2: if total debt service is moderately high, the central bank accommodates its
monetary policy and the government does not defanlt. The central bank sets
7 =7, and the government sets 6 =0,

When the stock of debt is moderately high, the central bank prefers to relax its
monetary policy in order to avoid default. The central bank adopts this strategy as long as
deviating from its inflation target is not too costly. As the debt increases, an accommodating
monetary policy simply increases the amount of deviation from the inflation target, up to the
point at which

Lemma 3: if total debt service is high, the central bank stops accommodating its
monetary policy to the government, and the government defaults. In this
case the central bank sets 7=1" and the government sets 6 >0.

Above some level of debt service, the marginal gain of higher inflation is lower than its
marginal cost. This result follows from the concavity of 8(w). The weight the central bank
attaches to price stability is of paramount importance, since it determines the threshold level of
debt above which the central bank refuses to accommodate its monetary policy. If the central
bank attaches no weight to price stability, accommodation is the rule. This result compares
with that of Phelps (1973), who shows that the central bank sets the flow of seigniorage
revenue to balance the budget at the optimal level of tax. On the other hand, if the weight
attached to price stability is infinite, the central bank always achieves price stability.

We now turn at the investors’ decision to buy government bonds. Since default carries
a cost, the stock of debt in equilibrium can be positive (5, = 0). We compare equilibria in

which the central bank attaches no weight to price stability and an infinite weight to price
stability, as well as the general case.

Case I: No commitment to price stability (a = 0)

In this case the central bank provides sufficient seigniorage revenue to balance the
budget given the optimal tax policy of the government. In equilibrium investors ask for a
nominal interest rate that equates the real return of bonds R to the risk-free rate. The real
return is given by:

m:{@—x*)&, if R <R (an

(1-z,)R, if R, >R
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where R' (see appendix) is the threshold factor rate below which central bank financing is not
needed (and consequently the inflation target is the solution). In this case R' depends
negatively on the debt service. Given the amount of bonds 4,, an increase in the factor rate
R, linearly increases the real return on bonds. At some point debt servicing becomes too

costly and the central bank accommodates its monetary policy accordingly. The behavior of
M with respect to R, has the following properties (see appendix for a technical discussion):

2 -,
aER>0,agj<0 and ]imigizo
R, cR; R’y O,

Proposition 1: Even if the central bank attaches no weight to price stability, a credit
ceiling 2/ exists above which the government cannot borrow. Below b,
a unique equilibrium exists in which the government never defaults.

Proof : see appendix.

The first part of the proposition is intuitive. Even if the central bank is
accommodating, an infinite inflation rate can generate only a finite amount of real resources.
Therefore investors will not lend indefinitely to the government, even at an infinite factor rate,
and eventually the government finds that its credit has been rationed. The second part of the
proposition derives directly from Lemma 2.

Case II: Commitment to price stability {a =)

In this case the optimal monetary policy is to set 7 =7 . In equilibrium investors ask
for a nominal factor rate R, sc that the real return on bonds R equals the risk-free rate. As

investors ask for higher R, , the cost of debt servicing increases to the point at which it is
optimal for the government to default. The real return is given by:

(1-7")R, if R, <R’

- 12
(1-6)(1-z")R, ifR, >R (2

Up to R' the real return increases linearly with interest factor Ry. Beyond R' the real
return declines as the government defaults on an increasing share of its debt. When the risk-
free rate R rises above the maximum real return R, there is no equilibrium. The following
proposition summarizes the results.
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Proposition 2: If the central bank attaches an infinite weight to price stability, a debt
ceiling b exists above which government credit is rationed. Below b,
two possible equilibria exist: one in which the interest rate is low and the

government does not default, and another in which the interest rate is
high and the government defaults.

Proof: see appendix

When the central bank is committed to a strong monetary rule, there is no inflation in
equilibrium, however one equilibrium with default exists. A welfare comparison of the two
equilibria shows that the equilibrium without default is pareto superior."

In figure 2 we compare cases I and IT. Suppose the government is willing to sell an
amount &, of bonds. In case I a risk-free rate Z results in a unique equilibrium in which the

government does not default and the central bank is not inflating the debt away. In case IT two

equilibria exist. The first exhibits a low factor rate and no default and the second a high factor
rate and default.

Figure 2 : Equilibrium Factor Rates

Real refurn

" A welfare comparison of the two equilibria yields:

t_or 9 ppg
¢ 0_1495 0>

where ¢! is consumption under the equilibrium with no default and a low interest rate, and ¢”
is the equilibrium with default and a high interest rate. This positive value represents the
deadweight loss of outright default.
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For a higher risk-free rate (say at X), no equilibrium exists in case II. An equilibrium
can be reached only if the government reduces the amount it wants to borrow." In case I,
however, an equilibrium exists in which the factor rate is high, the central bank is
accommodating, and the government does not default.

Case III: The general case (0 <a <)

The central bank often has some room to accommodate its monetary policy to the
government’s needs. The expected real return R with respect to the bond factor rate is given
by:

(1-7")R, if R <R
R = (1-7;)R, if <R <RV (13)
(1-8)(1-z)R, if R>R

As investors ask for a higher factor rate, the real return on bonds increases linearly to the
point at which the central bank finds it optimal to relax its monetary policy in order to
accommodate the higher cost of debt servicing. At some point the central bank stops being
accommodating, the government starts to default, and the real return begins to decline
{figure 3).

Figure 3 : Equilibrium Interest Rates
a<(0,w)

Real Return

Ry

' Reducing &, causes point ¥ to move up and to the right.

" R" and KX? are given in the appendix.
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Proposition 3:If the central bank attaches a positive and finite weight to price stability,
a debt ceiling 5] exists above which the government’s credit is rationed.
Below . there are two possible equilibria: one characterized by a low or

moderate interest rate and no default, and another characterized by a
high interest rate and default.

Proof: see appendix

In this case multiple equilibria arise. The higher the tolerance of the central bank for inflation,
the higher the inflation can be in the equilibrium with no default.

In all three cases, there are credit-rationed equilibria. The higher the tolerance of the central
bank for inflation, the higher the debt ceiling. The debt ceilings in the three cases can be
ranked as follows:

b <B <&,

Maximum debt accumulation can be the highest under an accommodating central bank. Under
a strict monetary rule, debt accumulation will be the lowest.

TV. THE N-COUNTRY CASE

The central bank assigns each country in the union a weight according to its relative
size ¥, (an alternative is to assign weights by the relative size of each country’s debt}. The

objective function of the central bank as derived from equation 6, is:

a +32 -
Q > (T1-7") + ;;f@

For simplicity, we suppose that the stock of public debt is held entirely by domestic
investors.'® Solving backward we see that each government maximizes the welfare of its
consumers. With identical default costs across countries, fiscal policy is still defined by
equations 7 and 8. The central bank then minimizes the function in equation 5 subject to those
in equations 7 and 8. The first-order condition is:

= =y, 14
II=n aZy, (14)

' Relaxing this simplification does not change the results. But it does make default less costly,
since foreign bond holders bear a portion of the welfare loss.
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To further simphify the discussion, suppose there are two types of countries. Type |
includes fiscally weak countries (defined by a high level of debt), and type 2 incorporates
fiscally strong countries. Their respective weights in the union are given by ¥, and y,and
7, +7, =1. Outside the union, the central banks of type 2 countries would never set their
inflation rates above their targets.

Following the lines of the discussion in section IT, we look at three cases: one in
which a=0, one in which « is infinite, and the general case ¢>0. In the first case if the union’s
central bank attaches no weight to price stability (@=0), then the optimal monetary policy is
given by:

7%F = Max(ﬂrﬁl,ﬁﬁz,ﬁ*) =Ty, (15)

where 7, and z,, are the minimum inflation rates necessary to avoid default. In this case the

most indebted countries determine the union’s inflation rate. Given the poor fiscal
performance of type 1 countries, type 2 countries must finance their debt at a higher nominal
factor rate. In figure 4 we compare the equilibrium inside and outside the union for the two
types of countries.

Figure 4 : Equilibrium Factor Rates In and Qutside the Union
(a=0)

Real return Type 2 country

_4—-’-"‘1"}@6 1 country

Ry

R ORI=R,

The fiscally weak type 1 countries have negative externality effects on the other
countries through the central bank. In this case fiscally strong type 2 countries’” welfare is
higher outside a monetary union whose central bank attaches a limited weight to price
stability.

In the second case, where a=w, the optimal monetary policy is completely independent
of fiscal policies, and the analysis is comparable to that in section II. Investors’ decisions are
independent across countries, so fiscally weak countries reach the debt ceiling, and investors
do not allow governments to build up the kind of debt that would be possible cutside the
union,
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The intermediate case, in which a>0, is more complex. The relative size of each of the
two types of countries in the union is a key parameter. We first define the optimal monetary
policy and then look at the possible equilibrium. Given type 2 sound fiscal policy, the first-
order condition of the central bank’s optimization problem simplifies to:

N o6,
a\r—r )=~y — 16
(7-7")=-n— (16)
The central bank’s monetary policy depends on the relative weight of type 1 countries in the
monetary union, The greater the number of type 1 countries, the more accommodating the
central bank will be. If the union includes few type 1 countries, the central bank sets the
inflation rate close to its target.

Investors’ expectations of default in one country depend on cutcomes in other
countries. Determining possible equilibria is complex. But by assuming that type 2 countries
have sound fiscal policies, we can restrict the analysis to equilibria in which type 2 countries
do not default. We then compare the equilibrium factor rates for each type of country inside
and outside the union. (We base the discussion on figure 5 and place all technical details in the
appendix.)

The top panel of figure 5 shows the real return to type 1 bonds with respect to their
factor rate R, for a given level of bonds by. The dotted lines represent the real return outside

a monetary union, as described in section III. Assuming the union’s central bank has the same
preferences as each country’s central bank, the range of debt servicing for which the central
bank is accommodating is restricted by the relative size of type 1 countries in the union, in
which case R* moves closer to R'. As a consequence the debt ceiling is lower inside the union
than outside.'” If the risk-free rate is greater than X, no equilibrium exists inside the union,
However an equilibrium with inflation exists outside the union. Debt accumulation in a
monetary union depends on two factors: the relative size of highly indebted countries in the
union, and the weight the central bank attaches to price stability.

Panel b in figure 5 shows the real return on type 2 bonds with respect to R, . The

straight line represents the return on bonds cutside the union. The bold lines represent the
return inside the union: investors in type 2 bonds need to take into account the expectations of
investors in type-1 bonds. The result is that a type 2 government is likely to finance its debt at
a higher nominal factor rate than it would if it was outside the union. This result occurs when
the central bank is only weakly committed to price stability and type 1 countries are members
of the union. The smaller the weight of type 1 countries in the union, or the higher the weight

" If a central bank outside the union has looser preferences regarding price stability, the debt
ceiling would be even greater.
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the central bank attaches to price stability, the smaller the deviation of the bold and straight
lines.

Figure 5 : Yields on Type 1 and 2 Countries

(a) : Type 1 countries, in and outside a
monetary umion
Real Return

(b) : Type 2 countries, in and outside a
monefary union

Note : Yields are with regpect to type 1 factor rates in
and outside the Union,

In a monetary union, then, the budget constraint is tighter (all other things being
equal). Fiscally loose governments cannot rely on central bank financing as they can outside
the union. Debt accumulation depends on the monetary environment and can be highest when
the central bank attaches no weight to price stability. When the central bank commits to price
stability, debt accumulation is minimal and fiscally weak countries default with no welfare
impact on the other countries (unless investors in the rest of the union hold bonds from a
defaulting country). For fiscally strong countries, the impact of default on their welfare is nil
(unless investors of fiscally strong countries hold bonds of fiscally weak countries); however
higher inflation would have a negative impact on their welfare.
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V. CONCLUSION

In this paper we develop a model of public debt repudiation. Public debt can be either
inflated away or repudiated. The government is benevolent and coexists with an independent
central bank. Investors are risk neutral and invest either in government bonds or in a risk-free
asset,

In the one-country case, three kinds of equilibria emerge: one with no default and no
inflation, one with no default but high inflation, and one with default. Depending on the
commitment to price stability, either no equilibrium, one equilibrium, or two equilibria exist.
The weaker the commitment to price stability, the more investors will lend to the government,
as loose monetary policy generates additional real resources. When the commitment to price
stability increases, credit to the government will be rationed more rapidly, reducing debt
accumulation,

In a monetary union the budget constraint hardens, depending on the central bank’s
preferences. The central bank is less likely to accommodate a government in a bad fiscal
position by revising its monetary policy to provide additional resources, especially when the
country is small. Maximum debt accumulation in countries belonging to a monetary union is
lower than in countries that are not in a union, and debt ceilings are unnecessary. Ex ante
however, ceilings imposed on would-be participants in a monetary union determine the
composition of fiscally-weak and fiscally-strong countries in the union.

The institutional framework influences debt accumulation. A level of debt that is
sustainable under one regime may not be sustainable under another. For this reason fiscal
criteria are necessary to ensure an equilibrium without inflation before the monetary
integration. However, a monetary union with fiscally-weak countries and with a less than
perfectly credible central bank may require fiscal criteria and penalties once the integration is
achieved.

Future research should analyze the pertinence of fiscal criteria and penalties inside a
monetary union as incentive devices. The need for such studies is reinforced as potential
candidates are queuning at the doors of the EU and the EMU.

Future research should also focus on analyzing the fiscal dimension of the soft budget
constraint. In this paper we take a monetary approach to the issue. A fiscal entity faces a hard
budget constraint in the presence of monetary and fiscal separation (McKinnon and Nechyba
1997). Monetary separation means that a fiscal entity does not have access to the central
bank. When this monetary separation is ambiguous, the capital market realizes that outright
default is unlikely. In any national currency, then, investors see central government bonds as
the safest financial instrument, irrespective of the fiscal situation (McKinnon and Nechyba
1997). With respect to European integration, the most important issues are the extent to
which national governments lose access to the European Central Bank and the extent to which
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the Pact for Stability and Growth can help prevent situations that require central bank
financing.

Still, securing monetary separation is not sufficient to ensure a hard budget constraint
if fiscal separation is not guaranteed. If it is not the soft budget constraint is transmitted to
local governments. If European integration is to deepen, fiscal federalism should be designed
to remove the conflicting objectives of the European Central Bank. The Brazilian experience
shows how unconditional bailouts can jeopardize a disinflation program. Future research
should unify these issues.
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Proof of lemma 1

If 7, <n’, then we have 7z, = kb +8 -t () <n""®, which implies that
Rob, +m,

rm,+1 (a)-g

()

( R, b, represents the total reimbursement). In this case, given that for any n> 7, default is

Rb, < , the case for a country with a relatively low debt level

zero, the central bank sets 7=n in order to minimize its loss function.

Assume that [n=n"; 0°(n")=0] is another equilibrium in which 7'#n". Then if T, *9(112')=0,
since in that case n™>m, . But given the central bank’s loss function (5), o(x y>o(n }=0.
Therefore n” does not minimize the loss function. If 7, <g'<m, 8(n')=0, but o(n Y>e(r )=0.
If '<m, , B(m") is positive, increasing the loss function ®. In this case ©" is even further from

the central bank’s target, and again o(m'}>o(n )=0. Thus [r=n"; 6 (x)=0] is the unique
Stackelberg equilibrium. B

Proof of lemma 2 and lemma 3

The first-order condition can be written in the form (r-7 )= where

k
(1-zy’

f{a)+m, - e

k= ( )+m > 0. Since k is strictly convex in (-o¢,1) and (7t-7t ) is linear, they
a(l-a)Rp, (1-ry

will intersect at 0, 1, or 2 points. Tangency between the straight line and the curve occurs if

3
k= %(1 - ?r*)3 in which case the point of contact is [1 -3k, \/i_k] |

Remark 1: when

>(n-n'), ©'(1)<0, i.e., the central bank loss function is decreasing.

k
— )

The reverse applies if a

¥ >(n-m), @ (1)>0, and the loss function is increasing.
-7

* To simplify notation, 7y is represented by #,.
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Therefore :

. .. . . - 1 "
1. Ifk= %—(1 -7 )3 , the first-order condition has a unique solution: 7 = E(l +2x ) .

Given remark 1, the optimal monetary policy is therefore n =7 . Taking the monetary policy
as given, the government responds with 6°(% )=0.

>(n-1),

4 . e . .
2, Ifk> —(1 —-7 )3 , the first-order condition is never satisfied. Since
27 —)?

given remark 1 the unique minimum is set at 7 = 7 . The government responds with
0" (7, )=0.

4 . . o
3. If k < 5_}—((1 -7 )3, the first-order condition has two real solutions in (-c0,1) and one
in (1, c0). Rewriting the first-order condition, we have:
7r3+7r2(—7r* —2)+7r(1 +27r*)—;'r" -k=0.

L]

T +2

Using Cardan’s solution of cubic equations'”, we substitute 7 = y + , 0 that the

squared term disappears. Therefore the first-order condition becomes
I, « 2 2 w2 . 2 . 2 2 03 .
—(x'-l) y——a ' +Za*-Sa +—~k=0,and g=—{(1—x ) —k. Since the
4 3 ( ) 7 27 9 9 27 1 27 ( )

p q
coeflicients are real numbers, and we have three real roots, we know that the roots are given
by:

*

2 * 7T+2
ay _ v
' =—|1-7z }Cosp+ ,
S (1-7")Cosp
2 " 2.Pi " 4+2
?T(Z)Z—(I—H)COS pril| "< and
3 3 3

2 . 4PN n"+2
7z =Z{1—-z2"YCos| p+— |+
3( E) L 3 ?

-~k—3—1 . Since 3pe[0,Pil, pe[0,Pi/3], then 1'>1>a%>n®,

with p solving Cos3p = 27
2 (1-#"

** Borofsky, Samuel, 1950, “Elementary Theory of Equations,” Macmillan, pp. 114-127.
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With respect to our problem, and given remark 1, a local minimum exists at 7', and a local
maximum at 7. We can derive the range for these two solutions. Given that Cos(Pi/3)=1/2,
it is easy to show that:

1+27" and 2@ o (1+2;r"‘
where n°° is the optimal response for the central bank. The government responds with
0'(n“®)>0. If the debt level is very high, 7 =7 ; may be the minimum for the central bank,
although the local minimum is ©°. Let that equilibrium be called the inflation trap
equilibrium. In this case the central bank sets 7z = z,, , and the government responds with
(7, )=0. m

Remark 2: In the low-inflation equilibrium [r=1"®; 6"(n°?)>0] a positive shock on g; (or a
rising debt bo) decreases k, therefore increasing p and decreasing ©°°. The economic argument

is that in this case we are at equilibria where the marginal costs of increasing inflation are not
matched by marginal gains in terms of a lower level of default.

' (a)+m,—g

4a(1—a)[1 _fT

there is no default and the central bank is accommodating. When debt servicing exceeds this
threshold value, the central bank is no longer accommodating, and default occurs.

1P =n® e (1,

71)7

To sum up, as far as the debt service satisfies R, <

{points 1 and 2),

Proof of Proposition 1

When a=0, the real return is :

5 - (l—;’r*)Rb if R <R thzfr*mO—l-t*(a)—g]
(1-7m4 )R, if R>KR ('l—;r*)bO

_ m,+1 (a)- " :
When R, > R', the real return is R = — (2)-2 R, . The real return exhibits a horizontal
bR, +my

m,+1"(a)-g,
&

no equilibrium, and the government is rationed out.

If the risk-free rate is lower than that value, the equilibrium is unique, since the real return R

is menotonically increasing and concave. Put differently, the maximum amount of debt the

m,+(a)-g
R

asymptote equal to

. If the risk-free rate R is greater than that value, there is

government is able to borrow is b =
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Proof of Proposition 2

When a=w, the real return is :

wo) (PR W RER L wmr(a)-g
1(1—9)(1—7?)& if R>R (1-7")p,
When R, > R', the real return is:
Mm__gom o) TR
2R, (1-a)(1-x")bR; OR: ™

Moreover, there is a value of R, above which the real return is zero and then becomes
negative. When R, < R', the real return is increasing linearly.

zm,+1'(a)- g

When R, = R' the real return is maximized and equal to . If the risk-free

(1]
rate is above that value, there is no equilibrium. If it is below that value, there are two
equilibrium factor rates, one that is less than R' and the another that is more than R'. Credit

rm +t (a)-g

rationing occurs when 5, > %

=5’ N

Proef of Proposition 3

When a is some positive number, the real return is:

(l—yz*)Rb if RI,SRI e
R=| (-m,)R  if R<R <K with = —0*! (a)—§13 |
(1_9)(1_”63)Rb if R>R 4a(1~a)[]3ﬂ ] b,

When R, > R* | the real return is:

M
&R, (1-a)

cB

<0

on? or
[—a (1-7) by +(aRyh, + mﬂ)fglﬂﬁ;} <0 as R

The other cases are similar to the one analyzed in proposition 1 and 2. The real return is

maximum when R, = R* and is equal to my (@) -8 (17) . When R, < R* the real return
b, + R%

increases. It decreases when R, > R*. Therefore as long as the risk-free rate is below (17),

two equilibria emerge, one with a high nominal rate and no default (but possibly inflation), and

another with high real returns and default. If the risk-free rate is above (17), there is rationing

and the government is not able to borrow ;.
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The maximum level of debt the government is able to borrow before being rationed out is
found by manipulating (17). If the risk-free rate is above (17), the government is rationed out.
Isolating &,, we find that the government is rationed cut when :

A
by, > by = b
46:(1—::{)(17;r ] m,
14 - A
my+t (a)-g,
|

An N-Country Monetary Union ; A Technical Appendix

We assume that type 2 countries have sound fiscal policies and never default so that, only

type-1 countries generate negative externalities on type-2 countries.

1. First, we show there is less debt accumulation in a monetary union. We show that the
threshold value R* inside the union is smaller than it is outside. In the union, we find that

for type 1 countries:
Rz :Zl_ t:(a)+m01 _g]l
bob, | ca(l-a)-pt, |

1-7° ’ r;(a)“"moz_glg

} and £, =
R, b,
(tvpe 2 countries never default). Recall that, all else being equals, outside the union
- A (a)+m0] -g,

= . Therefore:
ca(l-a)b,

where ¢ = 4[ . Note that by assumption £, =1

1
R <R o a>m.

That is, if the central bank attaches a sufficient weight to price stability, a type 1
country accumulates less debt. In the text we assume « s sufficiently high.

2. Second, we compare the impact of fiscal policy in a type 1 country with the equilibrium
factor rate of a type 2 country. We justify the shape of the bond return in figure 7(b).

The real return of a bond in a type 2 country depends on the union’s monetary policy and
therefore on the fiscal policy of type 1 countries. We then have
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(1-7")R, iR <R
R,=1(1-7, )R, #R<R <K.
(1-z%)R,  fR >R
Moreover, we can show that, using results from the proofs of Lemma 2 and 3:
=(1-7") /R <R =0 ifR <R

2

29?2 >0 fR<R <R and ang <0 ifR<R, <R’
R, >0 if R, >R " >0 iR, >R

As a consequence, given a risk-free-rate R, a type 2 government might be in the position
of needing to finance its debt at a higher factor rate than it would have to outside the

union,
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