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1. Introduction

Countries that currently adopt the inflation targeting regime, such as the
United Kingdom, Canada, and New Zealand, do not face severe fiscal disequi-
librium. However, many of the emerging countries have adopted the inflation
targeting regime in a context of fiscal disequilibrium. Brazil, in spite of the suc-
cessive primary surplus achieved in the past few years, still presents a high nominal
deficit and a worrisome public debt.

The high interest rates used by the Central Bank of Brazil as a means to
reach the inflation target have contributed towards increasing the debt service.
The ongoing growth of the nominal deficit and, consequently, of the public debt,
makes the fiscal disequilibrium particularly worrisome in a context of a high debt
stock and short term liabilities. In addition, many of the debt bonds are indexed
by the interest rate (SELIC) with the aggravation that Brazil has the highest real
interest rate in the world.

The context of fiscal disequilibrium mentioned above induces many economists
to believe that the Central Bank of Brazil (BACEN) should take into account
fiscal variables in its monetary policy rule. Morais and Andrade (2004), for in-
stance, evaluate an optimal rule of monetary policy assuming that the monetary
authority follows a flexible inflation targeting regime according to which there is
the possibility of including also a target for the debt/GDP ratio. In this model,
the public debt affects the risk premium directly and, consequently, the exchange
rate as well.

Other Brazilian economists have been concerned with the issue of fiscal domi-
nance and have proposed alternative ways to construct monetary rules, which take
into consideration the fiscal constraints in the Brazilian case. Most of them impose
a fiscal IS1 curve which implies an optimal rule of the interest rate reaction also
dependent upon the fiscal variable.

Freitas and Muinhos (2002) estimate the Philips and IS equations for Brazil,
after the Real Plan,2 to study the monetary policy transmission mechanism. The
authors work with a fiscal IS in which the output gap depends on the real interest
rate, the lagged output gap, the exchange rate and the fiscal deficit.

Verdini (2003) develops a model with the purpose of assessing whether the
monetary rules, derived under the inflation targeting regime, can be adapted to
correct significant changes of the public debt. The results indicate that, despite
the potential long-run solvency, the debt profile generates concerns in the short
run.

1Typically, in the literature, the IS and Phillips curves are used to obtain an optimal monetary
rule. In this context, the denomination “fiscal IS” is justified since a fiscal variable (fiscal deficit)
appears in the defining equation.

2In 1994, the Brazilian government implemented a price stabilization program known as Real
Plan.
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Loyo (1999) adopts the fiscalist approach to price determination. His motiva-
tion is the Brazilian experience in the late 1970s and early 1980s. He proposes a
model that is suitable to deal with hyperinflation in which most of the fiscal ac-
tion concentrates on the interest bill on public debt and debt rollover, rather than
on primary budget deficits or seigniorage. According to his own words “Higher
interest rates cause the outside financial wealth of private agents to grow faster
in nominal terms, which in fiscalist models calls for higher inflation. If the mone-
tary authority responds to higher inflation with sufficiently higher nominal interest
rates, a vicious circle is formed.”

Fialho and Portugal (2005) examine the predominance of a monetary or fiscal
dominance regime in Brazil in the post Real Plan period. They argue that the
macroeconomic coordination between monetary and fiscal policies in Brazil was
virtually a substitute and predominantly monetary policy during the period.

Blanchard (2004) considers the efficacy of the Brazilian monetary policy in
2002 and 2003. He points to the perverse effects of the monetary policy under-
taken by the Central Bank with the pursue of the inflation targeting regime in an
environment of fiscal dominance.

Benigno and Woodford (2006) analyze an optimal monetary policy by taking
into account the consequences of the monetary policy for the government budget.
They assume a fiscal regime and distorting taxes. The authors argue that some
countries which adopt the inflation targeting regime have substantial difficulties
controlling fiscal imbalances, so the additional strains resulting from strict control
of inflation are of substantial concern. In this sense, Sims (2005) has notably
argued that inflation targeting can be counterproductive under some fiscal regimes.

The argument that the Brazilian fiscal policy affects the monetary policy seems
to be sound, and some economists share this perception. Thus, the inclusion of
the fiscal policy variables in the Central Bank’s optimal monetary rule apparently
makes sense. However, as mentioned by a referee, a fiscal variable can affect the
inflation rate indirectly via output gap. This does not mean that the monetary
policy must react directly to the fiscal variable. A good analogy is the impact
of the exchange rate on inflation. Most of central banks adopting the targeting
inflation regime make use of a monetary policy that does not react directly to
changes in the exchange rate. In fact, the reaction is indirect via inflationary
impact. In other words, the traditional Taylor rule states that the central bank
should react just to the inflation rate and to the output gap, independently from
the origin of change in these variables.
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Although the central banks do not necessarily include explicitly fiscal variables
or the exchange rate in their reaction function (Taylor rule), this procedure is very
useful to policymakers. They may assess the significance of these variables and
whether or not they affect the inflation rate. If the fiscal variable is significant, for
example, it means that it affects the inflation rate via output gap. In this sense,
the fiscal policy affects the inflation rate. This suggests that fiscal policy also acts
by determining price levels.

Typically, optimal monetary policy models assume that the fiscal policy is
given and does not depend on current and future monetary policies. This implies
that the fiscal authority chooses a tax rate in such a way that the public debt
will be solvent.3 Therefore, the Ricardian equivalence hypothesis is valid and the
monetary policy is active4 and the fiscal policy is passive. Hence, if an economy
supports the Ricardian equivalence hypothesis, it does not make sense to use a
fiscal variable in the IS equation. Of course, this may not be the case in countries
presenting serious fiscal imbalances.

The Brazilian economy shows fiscal disequilibrium. If we assume that the
monetary rule takes into account fiscal restrictions, we will admit, implicitly, a
passive monetary policy and/or an active fiscal policy. The fiscal policy would
restrict the efficacy of the monetary policy. Thus, it is of importance to test
empirically whether or not the fiscal and monetary policies are passive. This
information is necessary before proposing an optimal rule of monetary policy with
the inclusion of fiscal variables.

The main purpose of this paper is to derive, for Brazil, an optimal monetary
policy rule in face of fiscal disequilibrium, and to test empirically whether or not
the monetary and fiscal policies are passive in the period 1995 to 2006. We intend
to analyze the impacts of monetary and fiscal policies on the inflation rate and on
the interest rate in several alternative ways:

1. Through the transmission channels of the fiscal and monetary policies, by
estimating the Phillips curve and a fiscal IS. Here we assess whether or not
the fiscal variable is significant and how it affects the inflation rate.

2. Evaluating the interest rate response to changes in the inflation rate, output
gap, fiscal deficit and exchange rate based on an optimal monetary policy
rule a la Taylor (1993).

3. Fitting the Leeper model (1991, 2005) and testing whether or not the mon-
etary and fiscal policies are passive.

3The fiscal policy is passive.
4A monetary policy is active when the fiscal policy does not impose restrictions on the

monetary policy and the latter is concerned only with the inflation target. Therefore, there
is no concern from the monetary authority with the public debt, since the economic regime is
Ricardian.
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Our discussion proceeds as follows. Section 2 shows a brief discussion on the
fiscal theory of the price level (FTPL), and the active and passive monetary and
fiscal policies. In Section 3, we derive an optimal monetary policy rule model by
assuming a fiscal IS curve. In Section 4, we present empirical findings related to
the joint fit of the fiscal IS and Phillips curves. Section 5 presents the empirical
optimal monetary policy rule. In Section 6, we introduce the Leeper model (1991,
2005). In Section 7, we show the empirical consequences of the Leeper model.
In Section 8, we comment briefly on the empirical results of the validation of the
Ricardian regime for the Brazilian economy. Finally, in Section 9, we present a
summary and the final remarks on our findings.

2. Monetary and Fiscal Policies: A Brief Discussion

Since the 1970s, Brazil has systematically shown internal and/or external
macroeconomic disequilibrium. This condition generated substantial inflation. To
attenuate this effect, policymakers resorted to stabilization policies. These policies
frequently result in internal and/or external debt disequilibrium. One of the pos-
sible explanations to the debt stock disequilibrium is the possible inconsistencies
between fiscal and monetary policies.

The debate between monetary and fiscal policies has been restricted to the
discussion between rules versus discretionary behavior. Nowadays, this discussion
has mainly emphasized the inflation targeting proposals. The optimal monetary
policy rule assumes that the fiscal policy is not relevant to the monetary policy.
It is assumed implicitly that public debt is solvent. In other words, the fiscal
authorities always adjust the taxes in order to guarantee debt solvency. In fact,
in a fiduciary regime, the debt will always be solvent given that it is possible to
use the seigniorage as source of revenue. With the fiscal policy neglected, the
discussion about coordination between monetary and fiscal policies is weakened.
In this context, some researchers place emphasis on the discussion related to the
coordination between monetary and fiscal policies to keep economic stability. Sar-
gent and Wallace (1981), for example, discuss this question in their seminal work
related to the unpleasant monetarist arithmetic.

Sargent and Wallace (1981) show that if the monetary policy affects the extent
to which the seigniorage is exploited as a source of revenue, then the monetary and
fiscal policies should be coordinated. In this sense, the price stabilization policy
depends on the following question: Who acts first, the fiscal or the monetary
authority? Or, who imposes discipline on whom? The unpleasant monetarist
arithmetic suggested by the authors appears in a process of policy coordination
in which the fiscal policy dominates monetary policy and the monetary authority
confronts itself with restrictions imposed by the demand of government bonds.
This is a possible case of active fiscal policy and passive monetary behavior.

Many papers show the equilibrium policy as the result of a game between fiscal
and monetary authorities. Sargent (1986), for example, makes the description of
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a Ricardian regime in which the monetary authority is the dominant player while
the fiscal authority is the follower. In this sense, the fiscal authority increases the
fiscal tax to satisfy the condition of budget equilibrium. This is an example of a
passive fiscal policy and active monetary policy.

According to Leeper (1991), what distinguishes an active policy from a passive
one is the fact that the active policy takes into account the expected future while
the passive one relies on the behavior of current and past values of economic
variables. Thus, an active policy is not restricted by current conditions and may
well include a choice of a decision rule that depends on past, current or future
values of economic variables.

A passive policy or passive authority (fiscal or monetary), on the one hand, is
restricted by decisions of consumer optimization and by the actions of the active
authority, on the other hand. If the fiscal policy is passive, for example, the
decision rule of the fiscal authority will necessarily depend on the public debt,
current and/or past.

Blanchard (2004) emphasizes that the discussion related to fiscal dominance is
not new. It appeared for the first time in the literature in the works by Martins
(1980) and Sargent and Wallace (1981). Martins (1980), in his seminal paper on
the FTPL, states that the price of bonds is analogous to the price level, and the
nominal rate of interest is determined by the bond/money ratio and bears no close
relationship to the rate of expansion of the price level. The recent developments
were started anew with the FTPL of Woodford (2003).5 The studies of Leeper
(1991), Sims (1994), Woodford (1994, 1995, 1997, 2001), and Cochrane (1998,
2001a,b) all concentrate on the discussion about coordination and interaction be-
tween the monetary and fiscal policies.

The main point emphasized by the research on the FTPL is that the intertem-
poral government budget constraint and the fiscal policy are the determining fac-
tors for the price level. This argument runs counter to the traditional theory of
price determination, in which the stock of money and the monetary authority are
the only determinant of the price level. Moreover the fiscal policy, explicitly or
implicitly, passively adjusts the primary surplus to guarantee government solvency
for any price level.6 Since the fiscal authority is free to choose the primary sur-
plus, independently of the government debt, then it is the price level that has to
adjust itself to satisfy the intertemporal government budget constraint in a way
that there is only one price level compatible with the equilibrium.

The FTPL can be understood, in a simplistic way, as an application of one
of the aspects discussed by Sargent and Wallace (1981), where the fiscal policy
imposes restrictions on the extent of results from the monetary policy.

The main distinction between the classic theory and FTPL lies in the inter-
pretation of the intertemporal government budget. According to the monetarist

5See Loyo (1999) and Sala (2004) for applications of Woodford’s theory.
6This regime is denominated Ricardian price determination by Woodford (1995).
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tradition, the government intertemporal equation is a constraint that is assured for
any price level. According to the FTPL, the government intertemporal equation
is an equilibrium condition determining the equilibrium price level.

The distinction between Ricardian and non-Ricardian regimes brings impor-
tant implications to economic policies. Based on the Ricardian regime, a good
monetary policy is a necessary and sufficient condition to guarantee low inflation.
An independent central bank, with a strong institutional commitment towards
price stability, should compel the fiscal authority to adopt a responsible and ap-
propriate fiscal policy. For the non-Ricardian regime, a good monetary policy is
not a sufficient condition to ensure low inflation, unless additional measures are
taken into consideration to restrict the freedom of the fiscal authority.

3. An Optimal Monetary Policy Rule Model

Consider the traditional IS curve

yt+1 = a1yt + a2yt−1 + a3(Rt − Etπt+1) + a4fdt + a5et + ut+1 (1)

where yt denotes the output gap,7 Rt is the nominal interest rate,8 πt is the
inflation rate, fdt is the fiscal deficit (government expenditures minus government
revenues), et is the real exchange rate, and ut is a demand shock, assumed to be
normally distributed.9

The supply curve (AS curve) is represented by the following Phillips curve

πt+1 = a6πt + a7yt + a8∆qt + ηt+1 (2)

and the equation for the nominal exchange rate qt is the random walk

qt+1 = qt + ϑt+1 (3)

The pass-through effect is ∆qt = qt − qt−1. We assume that the shocks ηt, ut
and ϑt have zero mean and are uncorrelated.

The expected signs for the parameters are a1 > 0, a2 > 0, a3 < 0, a4 > 0,
a5 > 0, a6 > 0, a7 > 0 and a8 > 0.

By taking expectations in Equation (2),

Etπt+1 = a6πt + a7yt (4)

and plugging this expression into (1), we obtain

yt+1 = α1yt + a2yt−1 + a3(Rt − a6πt) + a4fdt + a5et + κt+1 (5)

7We define the output gap as the difference between the real current output and the potential
output.

8We are assuming Fisher’s equation, Rt = rt + Etπt+1, where r is the real interest rate.
9This model follows the approach of Charles et al. (2003), which is similar to that of Walsh

(2003:508–511).

Brazilian Review of Econometrics 27(1) May 2007 91



Tito Belchior S. Moreira, Geraldo da Silva e Souza e Charles Lima de Almeida

where α1 = a1 − a3a7.
Policy actions, via control of Rt, affect output and inflation with a one-period

lag. At time t, the choice of Rt affects yt+1 and πt+1, but yt, yt−1, πt, fdt, et and
qt are predetermined. The state variable at instant t is

zt = a6πt + a7yt + a8∆qt (6)

We define

θt = α1yt + a2yt−1 + a3(Rt − a6πt) + a4fdt + a5et (7)

Equations (2) and (5) can be rewritten as

πt+1 = zt + ηt+1 (8)

and

yt+1 = θt + ut+1 (9)

We assume that the central bank’s loss function is given by

L =
1

2
Et

∞
∑

t=1

βi
[

λy2
t+i + π2

t+i

]

(10)

By taking the expression (6) one-step forward and substituting (8) and (9) into
(6), we have

zt+1 = a6zt + a7θt + a8∆qt+1 + a6ηt+1 + a7ut+1 (11)

The policymaker objective is to minimize the loss function (10) subject to (11).
Hence, we can define the value function as

V (zt) = min
θt

Et

[

1

2
(λy2

t+1 + π2
t+1) + βV (zt+1)

]

(12)

By substituting (8), (9) and (11) into (12), we get

V (zt) = min
θt

[
1

2
λEt(θt + ut+1)

2 +
1

2
Et(zt + ηt+1)

2 + βEtV (a6zt + a7θt

+ a8∆qt+1 + a7ut+1 + a6ηt+1)] (13)

The first-order condition for (13) is

λθt + a7βEtVθt
(zt+1) = 0 (14)

By the Envelope Theorem Vθ = Vz , we have
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Vz(zt) = zt + a6βEtVθ(zt+1) (15)

By multiplying (15) by a7/a6, substituting in (14), and taking expectations
relative to the one-step ahead equation, one obtains

EtVθ(zt+1) = a6zt + a7 θt −
a6λ

a7
Et(θt+1) (16)

By inserting (16) into (14), we get

θt = −
a6a7β

λ + a2
7β

zt +
a6βλ

λ + a2
7β

Et(θt+1) (17)

When the policy is established at instant t, zt is the state variable, and we will
look for policy rules of the form θt = Xzt, where X is to be determined.10 Since

Et(θt+1) = XEt(zt+1) = X(a6 + a7X)zt (18)

we see that X is the solution to the second-degree equation

λβa6a7X
2 + (−λ + βa2

6λ − a2
7β)X − a6a7β = 0 (19)

It follows that

X =
(λ − βa2

6λ + a2
7β) ±

√

(−λ + βa2
6λ − a2

7β)2 + 4(a2
6a

2
7β

2λ)

2βa6a7λ
(20)

After some algebra, we see that the product of the roots (X1 and X2) is

X1X2 = −
1

λ
< 0 (21)

and therefore the roots have opposite signs. Any root satisfying the stability
condition may be used.11 to define the optimal rule. In our empirical exercise
only the negative root π2 (say) satisfies this condition. Substituting the negative
root in (20) into θt = X2zt leads to

θt =
(λ − βa2

6λ + a2
7β) −

√

(−λ + βa2
6λ − a2

7β)2 + 4(a2
6a

2
7β

2λ)

2βa6a7λ
zt (22)

By inserting the (6) and (7) into θt = X2zt, we derive the following optimal
rule for the nominal interest rate,

10See Walsh (2003:508–511).
11Since zt+1 = a6zt + a7θt + a8∆qt+1 + a6ηt+1 + a7ut+1 and θt = Xzt then zt+1 = a6zt +

a7Xzt +a8∆qt+1 +a6ηt+1 +a7ut+1 = (a6 +a7X)zt +a8∆qt+1+a6ηt+1 +a7ut+1. The stability
of the inflation process requires |a6 + a7X| < 1.
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Rt =
a7X2 − α1

a3
yt −

a2

a3
yt−1 +

a6X2 + a3a6

a3
πt −

a4

a3
fdt −

a5

a3
et +

a8X2

a3
∆qt (23)

We note that

∂Rt

∂yt
> 0;

∂Rt

∂yt−1
> 0;

∂Rt

∂πt

> 0;
∂Rt

∂fdt
> 0;

∂Rt

∂et
> 0;

∂Rt

∂∆qt

The monetary policy rule (23) calls for changes in the nominal interest rate
in response to changes in the output gap, inflation rate, nominal deficit, real
exchange rate and changes in the nominal exchange rate. Any increase in one of
these variables leads the policymaker to increase the nominal interest rate. Hence
the policymaker can reduce the deviation of the current inflation from the inflation
target.

4. Empirical Results: IS/Phillips Equations

In our empirical work, we use quarterly data from 1995:1 to 2006:2. All vari-
ables are in natural logs. As a proxy for real output gap (y), we compute the dif-
ference between GDP and the same GDP series smoothed by the Hodrick-Prescot
filter. The inflation rate (π) is measured by IPCA, the Brazilian consumer price
index used by the Central Bank to target inflation. The nominal interest rate, (R),
is SELIC, which is the primary interest rate in Brazil. As suggested by a referee,
we consider the nominal fiscal deficit/GDP (fd/GDP ) ratio as the relevant fiscal
variable. The effective real exchange rate (e) is a proxy for the real exchange rate.
Changes in the nominal exchange rate are measured by changes in the effective
nominal exchange rate. We use a dummy variable (D) to capture the effect of
the period 1995-1998 in which the exchange rate was administered. The source of
data is the Brazilian Central Bank.

Table 1 shows a unit root test including a constant for variables in level and
no constant otherwise. The tests reject the unit root hypothesis for fd/GDP ,
∆real exchange rate, ∆nominal exchange rate, output gap, inflation rate and the
nominal interest rate at the 5% level. Further inspections of the correlograms of
these series suggest stationarity.
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Table 1
Unit root tests

Variables ADF 0.05 Phillips 0.05 critical
test critical Perron value

value test
Nominal fiscal -5.784 -2.928 -5.759 -2.928
deficit/GDP

△Real -5.899 -2.930 -5.864 -2.930
exchange rate
△Nominal -5.321 -2.928 -5.346 -2.928

exchange rate

Output gap -4.230 -2.935 -8.149 -2.928
Inflation rate -3.568 -2.928 -3.337 -2.928

Nominal -3.712 -2.931 -3.219 -2.928
interest rate

Since the inflation rate is a stationary process, its expected value is constant
through time. Thus, Etπt+1 = ω̄. By substituting this expression into (1), the IS
equation becomes

yt = a1yt−1 + a2yt−2 + a3Rt−1 − a3̟ + a4fdt−1 + a5et−1 + ut

By adding the dummy variable, the equation is

yt = c0 + c1Dt−1 + a1yt−1 + a2yt−2 + a3Rt−1 + a4fdt−1 + a5∆et−1 + ut (24)

where c0 = −a3ω̄. We use ∆e in (24) since e may not be stationary. We follow
Freitas and Muinhos (2002). They use ∆e in the specification of the IS curve.

The Phillips curve is

πt = c2 + c3Dt−1 + a6πt−1 + a7yt−1 + a8∆qt−1 + ηt (25)

This system defined by Equations (24) and (25) is estimated by two-stage least
squares. We use GMM to correct the standard errors. As suggested by a referee,
we use the nominal interest rate instead of the real interest rate to obtain the
Taylor rule. Tables 2 and 3 show the parameter estimates of Equations (24) and
(25), respectively.
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Table 2
Results of the estimation – 2SLS with GMM standard errors:

yt = c0 + c1Dt−1 + a1yt−1 + a2yt−2 + a3Rt−1 + a4fdt−1 + a5∆et−1 + ut

Variables Coefficient t-Statistic p-value
Constant 0.057 12.856 <0.0001

Dummy -1.84∗10−8 -13.299 <0.0001
Output gap (-1) 0.125 3.972 0.0002
Output gap (-2) -0.107 -5.229 <0.0001

Nominal interest rate (-1) -2.649 -11.479 <0.0001
(Nominal fiscal deficit /GDP) (-1) 0.016 2.066 <0.0427

∆(Real exchange rate) (-1) 0.024 3.163 0.0023
R2 0.492

Instruments: |a6 + a7X| < 1(-1 to -4), X(-1 to -5), ∆e(-1 to -4), ∆q(-5),
π(-1 to -4), D1, Constant.

Table 3
Results of the estimation – 2SLS with GMM standard errors:

πt = c2 + c3Dt−1 + a6πt−1 + a7yt−1 + a8∆qt−1 + ηt

Variables Coefficient t-Statistic p-value
Constant 0.002 8.527 <0.0001
Dummy 2.80∗10−9 15.702 <0.0001

Output gap (-1) 0.016 2.669 0.0095
Change in nominal 0.032 12.797 <0.0001
exchange rate (-1)
Inflation rate (-1) 0.245 9.190 <0.0001

R2 0.357
Instruments: fd/GDP (-1 to -4), y(-1 to -5), ∆e(-1 to -4), ∆q(-5),
π(-1 to -4), D1, Constant.

The J-statistic is 0.287 with a p-value of 0.176 and there is no evidence to
reject the model specification.

All parameters in (24) and (25) are highly significant. All estimates show the
expected signs with the exception of output gap (-2). Indeed, the output gap
lags in Equation (24) show opposite signs. Carneiro and Wu (2002) point out
that this contrast is necessary to control the seasonality pattern of inertia and
dynamics strongly present in time series of the output. The positive parameter
for the change in the real exchange rate implies domestic currency depreciation.

The effect of interest rate on inflation is indirect. A quarterly 1% increase in
nominal interest rate will negatively affect the output gap in 2.649%. Given that
a 1% decrease in output gap reduces inflation by 0.016%, the final effect of a 1%
increase in the interest rate will cause a 0.042% quarterly decrease in the inflation
rate.

The effect of fiscal deficit on inflation is also indirect. A 1% quarterly decrease
in the nominal deficit/GDP ratio will decrease output gap by 0.016%. A 1%
decrease in output gap reduces inflation by 0.016%. The final effect of a 1%
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decrease in fiscal deficit will be a reduction of 0.0003% in the inflation rate. The
effect does not seem to be of economic importance, but it is statistically significant.

5. The Optimal Rule

We assume β = 0.98 and λ = 1 in the derivation of the optimal rule. These
parameters are the intertemporal discount factor and the relative weight of output
gap in the loss function, respectively. Substituting the values for β and λ and the
parameter estimates shown in Tables 2 and 3 into (23) leads to

Rt = 0.063yt − 0.040yt−1 + 0.245πt + 0.006fdt + 0.009∆et + 0.00005∆qt (26)

where X2 = −0.004. According to the optimal rule, the nominal interest rate
increases less than 1% for each 1% increase for any given 1% relative change in
any of the right-hand side variables in (26), ceteris paribus.

The optimal rule policy ensures a nominal interest rate that will act to lower
inflation. We note that the nominal interest rate reacts strongly to the inflation
rate and that the reaction to the change in nominal exchange rate is inexpressive.
The reaction of the nominal interest rate to changes in fiscal deficit suggests that
the monetary policy is not active and/or that the fiscal policy is active.

Another important issue in the context of the theoretical model of Section 3 is
that the stability condition |a6 + a7X2| = 0.2449 < 1 holds.

For β = 0.98 and the estimates of (24) and (25), Figure 1 depicts inflation as
a function of λ. The latter is the relative weight of output fluctuations in the loss
function. We see that the higher the relative weight on output fluctuations in the
loss function, the lower will be the changes required in the nominal interest rate
in response to changes in the inflation rate.

Figure 1
Inflation coefficient in the nominal interest rate rule vs weight (l) of output changes
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Economic policy affects the volatility of output and inflation. As pointed out
by Walsh (2003), the policymaker seeks to “minimize the variance of inflation for
each variance of output around the natural rate. This then provides an efficiency
frontier that shows the feasible set of output and inflation variances that can be
achieved”. The frontier referred to by Walsh (2003) is given in Figure 1.

6. The Leeper Model

The model developed by Leeper (1991, 2005) defines the conditions according
to which the monetary and fiscal policies may be classified as passive and/or
active. Using Sidrausky (1967) model, Leeper (1991, 2005) assumes output and
government consumption constants. If government consumption is zero, the agent
chooses the sequence (ct, Mt, Bt) to solve

max E0

∞
∑

t=0

βt [log(ct) + ∆ log(Mt/pt] , 0 < β < 1, ∆ > 0 (27)

subject to

ct +
Mt + Bt

pt
+ τt = y +

Mt−1 + Rt−1Bt−1

pt
(28)

where M is the nominal stock money, B is the government nominal debt, on which
a nominal interest rate Rt is paid, c is the consumption, τ is the direct lump-sum

tax, and p is the price level.
The budget constraint for this economy, which is also the equilibrium condition

of the market goods, is given by

ct = y (29)

where y is the output. The first-order conditions induce the equilibrium relations
defining Fisher’s equation and demand for money,

1

Rt

= βEt

[

1

πt+1

]

(30)

mt = ∆c

[

Rt − 1

Rt

]

−1

(31)

where πt = pt/pt−1 and mt = Mt/pt.
The government policy is the sequence (Mt, Bt, τt). This sequence satisfies the

government budget identity

bt + mt + τt =
Rt−1bt−1 + mt−1

πt
(32)

where bt = Bt/pt.
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Leeper describes government policies based on simple rules where the fiscal
policy is

τt = γ0 + γbt−1 + Ψt (33)

where Ψt is the exogenous shock, occurring at the beginning of t and following the
AR(1) process

Ψt = ρΨΨt−1 + ǫΨt (34)

with |ρΨ| < 1 and EtǫΨt+1 = 0.
We believe that it makes more sense to consider direct taxes and the nominal

government debt relative to GDP. Equation (33) becomes

τt
GDPt

= γ0 + γ
Bt−1

GDPt−1
+ ut (33A)

where ut is the stationary AR(1).
The monetary policy also obeys a simple rule for the interest rate, that is,

Rt = αo + απt + ςt (35)

where ςt is an exogenous shock, occurring at the beginning of t and following the
AR(1) process

ςt = ρ0ςt−1 + εςt (36)

with |ρ0| < 1 and Etεςt+1 = 0.
Leeper’s approach reduces the equilibrium solution of his model to a dynamic

system in (πt, bt) and finds the roots αβ and β−1 − γ. The stability condition
requires one root less than or equal to one in absolute value and another greater
than or equal to one. It follows that the equilibrium generates four regions of
interest.

Region 1: |αβ| ≥ 1 and
∣

∣β−1 − γ
∣

∣ < 1. This is the case of a unique equilibrium.
In this region, monetary shocks produce the usual expected monetary paths and
the fiscal shocks are irrelevant. The Ricardian equivalence holds. In this case,
the monetary policy is active and the fiscal policy is passive. This means that
the monetary policy is effective in the determination of the price level and the
monetary authority does not need to worry about the budget constraint, since
the fiscal authority is able to choose a taxation level in each point in time that
makes the debt solvent. Leeper (2005) shows that the inflation of equilibrium is
entirely a monetary phenomenon and that the fiscal shocks do not affect inflation
or the nominal interest rate. Comparing this case with the context of the system
defined by the fiscal IS and the Phillips curve of Section 3, if the fiscal variable is
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significant in the IS equation, one can conclude that the economy is not in Region
1 and that the monetary policy is not active.

This is the ideal region for the policymaker to instate a target of inflationary
regime controlling the interest rate. More precisely, the monetary policy does not
have any restrictions and can actively pursue price stability by strongly reacting to
inflation. The fiscal policy obeys the restrictions imposed by the monetary policy
and by the private sector, and, passively, adjusts direct taxes to achieve budget
equilibrium.

Region 2: |αβ| < 1 and
∣

∣β−1 − γ
∣

∣ ≥ 1. This region also generates a unique
equilibrium. Region 2 represents the FTPL, where tax shocks produce inflation
and monetary shocks produce non-monetary impacts. Leeper (2005) argues that in
this situation, an exogenous fiscal surplus corresponds to the same hypothesis that
Sargent and Wallace (1981) maintain about the fiscal policy when they proposed
the expression “unpleasant monetarist arithmetic”.

Leeper also argues that, in certain conditions, current policy shocks can not
generate changes in the expected future taxes and that this is an essential element
in the FTPL. In this case, one has a passive monetary policy and an active fiscal
policy. Putting it differently, the fiscal authority denies a strong adjustment in di-
rect taxes, preventing the shocks in the deficit from not being completely financed
by future taxation. Now the monetary authority obeys the restrictions imposed by
the fiscal policy and by the private sector and allows the reaction of the monetary
stock to deficit shocks.

Region 3: |αβ| < 1 and
∣

∣β−1 − γ
∣

∣ < 1. In this region, the fiscal and monetary
authorities act passively, subject to the budget constraint. Without an additional
restriction imposed by an authority, there will be many processes of monetary ex-
pansion associated with an initial monetary shock, which are consistent with the
equilibrium conditions. In this case, there are an infinite number of equilibrium
points, which means that the equilibrium is undetermined. This is the price level
indetermination of Sargent and Wallace (1975). If α is small, the indeterminacy
appears even if the interest rate rule depends (weakly) on inflation. It can be said
that monetary policy is ineffective since it is not able to determine the price level.
We therefore suggest coordination between the fiscal and monetary policies, which
will force the economy to migrate to Region 1.

Region 4: |αβ| ≥ 1 and
∣

∣β−1 − γ
∣

∣ ≥ 1. There is no equilibrium in this region
unless the exogenous shocks ǫψt

and εςt are perfectly correlated. The monetary and
fiscal policies are both active. In this region, the authorities (fiscal and monetary)
neglect the budget constraints to determine prices. Two unstable roots are thus
generated. There is no process of monetary expansion assuring that consumers
will keep government public deficit bonds, unless the policy shocks violate the
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assumption of mutually uncorrelated shocks.
The discussion above implies important consequences for policy-making deci-

sions. The optimal monetary policy rules assume, explicitly or implicitly, that the
economy is operating in Region 1.

On the other hand, if we assume that the economy is operating in Region 2,
where FTPL dominates, an optimal monetary policy rule defined by the control of
the interest rate via Taylor rule does not make sense. In Region 2, the price level
is determined by the fiscal policy, and the monetary policy is ineffective given that
it is passive. In a context of a non-Ricardian regime, Blanchard (2004) suggests
an optimal fiscal rule to control inflation.

In Regions 3 and 4, coordination between the monetary and fiscal authorities
is necessary to force the economy to migrate to Region 1.

7. Empirical Results of Leeper Model

For the econometric analysis of Leeper model, we use quarterly data. The
sample ranges from 1995:1 to 2006:2. All variables are in natural logs, as before.
The public debt (B) is represented by the domestic federal public debt. The direct
tax (τ) is given by the sum of income and land taxes. The direct tax and the public
debt are GDP normalized and deseasonalized by the X12 method. The data come
from BACEN and IPEA.

The public debt/GDP (B/GDP) and direct tax/GDP (τ/GDP) ratios are not
stationary at 5% of significance level. Both are stationary in first differences
according Table 4 and by an additional correlogram analysis (not shown).

Table 4
Unit root tests

Variables ADF 0.05 Phillips 0.05 critical
test critical Perron value

value test
Direct tax/GDP -0.567 -2.929 -2.102 -2.928
Public debt/GDP -2.560 -2.928 -2.461 -2.928

∆(Direct tax/GDP) -14.912 -1.948 -14.712 -1.948
∆(Public debt/GDP) -4.876 -1.948 -5.063 -1.948

Table 5 shows the Taylor rule corresponding to (35). We see that α = 0.163
and β = 0.98 imply |αβ| < 1. The value of β was taken from Lima and Issler
(2003).
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Table 5
Rt = αo + α1Dt + απt + ςt

Variables Coefficient t-Statistic p-value
Constant 1.963 10.965 <0.0001

Inflation rate 0.163 2.411 0.0206
Dummy -0.550 -3.240 0.0024
AR(1) 0.489 3.851 0.0004
MA(1) 0.949 12.997 <0.0000

R2 0,870

As suggested by a referee, we also estimate (35) by adding the real output gap
to the equation. We find α = 0.267(±0.064) and there is no change in operating
region.

Table (6) indicates that direct tax/GDP and public debt/GDP cointegrate.

Table 6
Johansen’s cointegration test of τ/GDP and B/GDP

No trend

Hypothesized Eigenvalue Trace 5%
no. of CE∗∗ statistic critical

value
None∗ 0.314 22.924 19.960

At most 1 0.145 6.730 9.240
Hypothesized Eigenvalue Max-Eigen 5%
No. of CE(s) statistic Critical

value
None∗ 0.314 16.194 15.670

At most 1 0.145 6.730 9.240
∗Denotes rejection of the hypothesis at the 5% level.
∗∗CE = Cointegrating equating.

The long-run elasticity between τ/GDP and B/GDP is γ = 0.010(±0.002).
The Brazilian economy is therefore operating in Region 2 since |αβ| = 0.262 < 1
and

∣

∣β−1 − γ
∣

∣ = 1, 010 > 1.

8. A Comparative Analysis

Loyo (1999) was the first to argue that the FTPL provides an explanation for
the high inflation observed in Brazil in the late 1970s and early 1980s.

Tanner and Ramos (2003), for monthly data, examine several questions regard-
ing fiscal sustainability and adjustment in Brazil from 1991 to 2000. They find
that before the Real plan (July 1994), the regime appears to be fiscal dominant
or non-Ricardian rather than monetary dominant, since the primary surplus did
not respond to changes in real government debt. After the Real plan, using sev-
eral short period analyses, evidence points to a sustainable monetary dominance.
However, the authors conclude that this finding does not necessarily preclude an
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independent monetary policy and the credibility of the inflation targeting regime.
Their methodology includes unit root tests, Granger causality and impulse re-
sponse functions.

Rocha and Silva (2004) follow the methodology proposed in Canzonery et al.
(2001) for testing the validity of the Ricardian regime for the Brazilian economy
with annual data from 1996 to 2000. They use unit root tests and VAR to con-
clude that the data are consistent with a Ricardian regime. Fialho and Portugal
(2005), using monthly data from 1995:1 to 2003:9, also follow Canzonery et al.
(2001). They apply the approach of Muscatelli et al. (2002) to investigate the
interactions between the monetary and fiscal policies using the Markov-switching
vector autoregressive model (Krolzig, 1997). They conclude that the macroeco-
nomic coordination between monetary and fiscal policies in placeplaceBrazil was
virtually a substitute policy, with a predominantly monetary regime, in opposition
to the non-Ricardian policies of the FTPL.

Gonçalves (2005) uses a simple two-period model in which government’s pref-
erences are private information to show that a tough monetary stance may help
with bringing inflation expectations to lower levels even if the fiscal side of the
economy is not in good shape. A restrictive monetary policy leads to higher debt
levels and potentially to higher expected inflation (fiscal dominance effect). But,
on the other hand, it also allows a tough-type government to separate itself from
a lax-type one in the eyes of the public (signaling effect). A feature of the model
is that inflation and inherited debt are not necessarily positively correlated for all
levels of debt. The author concludes that the high debt levels of Lula’s adminis-
tration inherited from the FHC’s term in office (the so-called “damned heritage”)
may have helped to signal the markets their degree of inflation aversion.

Our use of Leeper model to test the FTLP is original and represents the main
contribution of our article. We have found empirical evidence of a non-Ricardian
regime. Furthermore, the significance of the fiscal variable in the IS equation
corroborates this finding. The Brazilian economy operates under fiscal dominance
from the first quarter of 1995 to the second quarter of 2006.

9. Conclusions

This article aimed to assess Brazilian economic policies in a context of fiscal
disequilibrium from 1995: I to 2006: II. The empirical evidence is that the fiscal
deficit affects the output gap directly and, consequently, affects the inflation rate
indirectly. The optimal monetary rule calls for changes in the nominal interest
rate in response to changes in the fiscal deficit. It follows that the regime is non-
Ricardian. In other words, there is empirical evidence in favor of fiscal dominance
(the fiscal theory of the price level).

Leeper model also indicates a fiscal dominance regime. We find evidence that
the Brazilian economy operates in Region II, i.e., the monetary and fiscal policies
are passive and active, respectively. This finding is consistent with the estimation
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of the IS curve, which reveals a significant fiscal deficit.
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economia brasileira no peŕıodo 1996-2000. Pesquisa e Planejamento Econômico
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