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Abstract

Central bank independence has contributed to achieve price stability and fiscal
discipline for many countries. The conventional wisdom is that this is a nec-
essary, first-generation reform of fiscal and monetary policy. The question this
paper asks is whether a second-generation reform consisting of institutional
incentives for domestic policy coordination could be beneficial. The paper
presents a game-theoretic model where the fiscal and monetary authorities in-
teract to stabilize the economy, having dissimilar preferences with respect to
output and inflation gaps and controlling different policy instruments. Mod-
eled as either Nash or Stackelberg equilibria, the solution under lack of policy
coordination implies that an increase in the preference divergence between the
monetary and fiscal authorities leads to, ceteris paribus, larger public deficits
(the fiscal authority’s policy instrument) and higher real interest rates (the
central bank’s instrument). The empirical section of the paper attempts to
test this conclusion on a pooled sample of 19 industrial countries with annual
information for the period 1970-94 and using a seemingly-unrelated regression
estimator that allows for country random effects. Controlling for other shocks
and economic conditions, we find that countries and time periods where the
central bank places a larger importance on keeping inflation low are associated
with both larger primary deficits (as ratio to GDP) and higher domestic real
interest rates (as deviations from international rates). The empirical results
of the paper should not be taken to imply that in order to reduce these pol-
icy biases, the central bank should unilaterally lower its standards for inflation
control. Rather, the policy implication favored in the paper is that, without
prejudice to the gains from central bank independence, institutional arrange-
ments that allow for coordination both at the level of setting objectives and
at the level of policy implementation can alleviate the biases that move the
economy to sub-optimally higher fiscal deficits and real interest rates.

The Economist, November 27th 1999, p.80.



1 Introduction

Until recently, the debate on the relationship between monetary and fiscal authorities
has been centered on the inflationary consequences of the monetary financing of the
fiscal deficit. The moderate inflation of the 1970s in some industrialized countries and,
particularly, the recurring episodes of high inflation in several developing countries
justified this focus. The main policy recommendation to avoid high and variable
inflation has been the institution of independent monetary authorities whose main
mandate would be the control of inflation (see Cukierman 1992, and Walsh 1993).
In fact, in recent years several central banks have adopted inflation targeting as the

cornerstone of their monetary policy (see Morandé and Schmidt-Hebbel 1999).

On the other hand, fiscal authorities have also come to recognize the harmful
effects of inflation and have taken measures to control their deficits. This has been
achieved by both rationalizing fiscal expenditures (e.g., eliminating price subsidies
and privatizing public enterprises) and raising tax revenues, particularly through the
adoption of value-added taxes. Furthermore, fiscal authorities are using domestic and
international financial markets to better manage the public debt to avoid the need to

collect an inflation tax from outstanding monetary assets.

Thus, in many countries around the world there is a new policy environment,
one in which monetary authorities are committed to controlling inflation and fiscal
authorities do not rely on the inflationary tax to finance their deficits and debt service.
In this new context, a different set of policy issues and questions arise. This paper is
devoted to the study of one of the most important of them, namely, the effect of the
lack of coordination between monetary and fiscal authorities in achieving the goals of

minimizing business cycle fluctuations.

Coordination (or the lack thereof) is a relevant issue because the monetary and fis-
cal authorities have different policy instruments, different objectives and preferences,
and sometimes different perceptions of the how the economy functions. In this paper
we concentrate on the effects of having monetary and fiscal authorities with dissimi-
lar objectives and controlling different policy instruments. In this sense, this paper is
closely related to Nordhaus (1994) and Loewy (1988). Following these studies, we use
a game-theoretic approach to analyze the effects on fiscal deficits and domestic real

interest rates in a context where monetary and fiscal authorities are uncoordinated.



In this environment, monetary and fiscal authorities have dissimilar preferences for
inflationary and growth gaps with respect to their long-run desired levels, which are

assumed to be shared by both authorities.

As an introduction and in order to expose the main issues and results of the paper,
we now present a simple fiscal-monetary game modeled after the well-known “pris-
oner’s dilemma.” Figure 1 presents the main assumptions and results of this game, in
which we analyze the potential response of the monetary and fiscal authorities in the
face of a negative shock that rises inflation and lowers employment. The monetary
and fiscal authorities have two options each: they can either follow a loose or a tight
policy. When both “play” tight, the resulting inflation is low but so is the resulting
employment. When both play loose, both inflation and employment are high. And

when only one of them plays tight, the result is medium employment and inflation.

The interesting feature of this fiscal/monetary game is that monetary and fiscal
authorities have different preferences for inflation and employment (see the payoff
schedules in Figure 1). Whereas the monetary authority considers more valuable to
achieve low inflation than high employment, the fiscal authority regards obtaining
high employment as more important than keeping inflation low. The preference dif-
ferences between both authorities are chosen to be sufficiently large so as to obtain

the result we would like to stress.

The only Nash equilibrium in this game consists of a tight monetary policy and
a loose fiscal policy. The other three alternatives present opportunities for one of
the players to benefit by unilaterally deviating from the original play. Thus, the
equilibrium of this game exposes the paradigmatic conservatism of central banks and
liberalism of fiscal authorities. It also illustrates why the response of each of them is
optimal given the preference differences between the two. If the monetary authority
were to follow a loose policy, thus accepting a fiscal authority’s pledge for stricter
restraint, then the fiscal authority would find it optimal to renege from its pledge
and play a loose policy. By the same token, if the fiscal authority were to conduct
a tight policy given a central bank’s offer to follow a loose policy, the monetary
authority would benefit by deviating from its offer by following a tight policy. Note
that in terms of the payoffs to both authorities, the Nash equilibrium is equivalent
to the combination of loose monetary and tight fiscal policies. From a long-run

perspective, it can be argued that the latter combination of policies is healthier than



Figure 1: A Monetary-Fiscal Game

Central Bank

Tight Monetary Loose Monetary

6]
Tight
Fiscal Low Inflation @ Medium Inflation

Low Employment Medium Employment
Fiscal
Authority

6]
Loose @ Medium Inflation High Inflation
Fiscal Medium Employment High Employment

Payoff Schedules

Inflation Low Medium High

Central Bank 6 4 1
Fiscal Authority 3 2 1

Employment Low Medium High

Central Bank 1 2 3
Fiscal Authority 1 4 6

the Nash equilibrium given that it does not compromise fiscal sustainability and does

not weaken the investment capacity of the private sector.

Though illustrative of the major themes of the paper, this simple game has obvious
shortcomings. One of them is that it requires ad-hoc payoff schedules to obtain
the desired result. We may want to clarify the preference conditions under which
policy biases occur. The second shortcoming is that the game does not consider

the possibility for negotiations between the fiscal and monetary authorities that may




result in policy coordination.

In the second section of the paper we present a monetary/fiscal game where the
potential advantages of policy coordination can be clearly seen. Through this model
we also clarify the conditions under which looser fiscal policy (represented by higher
primary fiscal deficits) is accompanied by tighter monetary policy(represented by
higher real interest rates), as predicted by the “prisoner’s dilemma” game. The basic
conclusion of the model is that a rise in the preference divergence for output and
inflation gaps between the monetary and fiscal authorities results in an increase of

primary fiscal deficits and real interest rates.

Also in the theoretical section, we compare the Nash equilibrium solution with
the Stackelberg solution. By allowing one of the authorities to be the leader, the
Stackelberg solution introduces dynamic aspects into the game, creating the possibil-
ity for the authority leader to act in a way to elicit a mutually beneficial response
from the follower. The Stackelberg game also obtains the basic conclusion of the
Nash equilibrium; that is, independently of the who the leader is, a widening of the
preference divergence leads to an expansion of fiscal deficits and real interest rates.
However, by allowing the leader to seek a mutually beneficial response from the fol-
lower, the Stackelberg equilibrium comes closer to the coordination solution than the

Nash equilibrium does. !

The third section of the paper attempts to bring some empirical evidence to bear.
We use annual information over the period 1970-94 for a sample of industrialized coun-
tries to test the main conclusion of the paper: in a context where fiscal and monetary
authorities are independent and do not effectively coordinate their policy responses,
countries where the fiscal and monetary authorities are more divergent regarding their
preferences for output and inflation gaps will exhibit larger primary deficits and real
interest rates. Given the highly simplified nature of our game-theoretic model, this
conclusion would apply only after controlling for other factors affecting the level of

primary deficits and domestic real interest rates.

We run separate regressions for the primary deficit (as ratio to GDP) and the

"'We must acknowledge that the coordination solution against which we compare the Nash and
Stackelberg equilibria is not derived endogenously in the model. This is because the game we analyze
is a “one-shot” game. Endogenous coordination, which is out of the scope of this paper, may arise
in the context of a repeated game, where it would be sustained by reputation, commitment and
credibility.



real domestic interest rate (as deviation from the international interest rate). Then,
we assess whether proxies for the preference divergence between fiscal and monetary
authorities are positively related to primary deficits and real domestic interest rates.
The proxies we use are indices on how important price stability is for the country’s
respective central bank. In these regressions we control for a number of effects that
may influence (or be influenced by) the dependent variables, such as business cycle

effects, international conditions, and Ricardian-equivalence effects.

Using a seemingly-unrelated-regression estimator and accounting for country ran-
dom effects, we find that, ceteris paribus, the larger the importance placed on inflation
control by the monetary authority, the larger would be both the primary deficit and

the domestic real interest rate.

We conclude that, without prejudice to the gains from central bank independence,
there are gains to be made from policy coordination by monetary and fiscal author-
ities. Central bank independence has helped achieve price stability and has induced
fiscal discipline in many countries. As mentioned above, this is a necessary, first-
generation reform. A policy implication of this paper is that a second-generation
reform consisting of institutional incentives for domestic policy coordination can be
beneficial. However, this would be the case only for countries that have already

achieved price stability and fiscal discipline.

2 A Game-Theoretic Model

This section presents a one period model of a simple game played by monetary and
fiscal authorities. It builds from the trade-off that each authority has to face in the
short-run between changes in the inflation rate and the output gap (Phillips Curve).
The model emphasizes the effects on the level of fiscal deficits and real interest rates
that result from different preferences by the monetary and fiscal authorities with

respect to inflation and output deviations from their optimal level.

This game-theoretic approach is based on Frankel (1988), Loewy (1988) and Nord-
haus (1994). The main difference between Frankel’s model and ours is that Frankel
assumes a world where the authorities have the same preference with respect to in-

flation and output deviations but disagree on the model that best represents the



economy 2. With respect to Nordhaus’ model, the main difference is that we assume
that the monetary authority dislikes changing the real interest rate from its optimal
level. As we show below, in the presence of this assumption it is possible to revert
Nordhaus’ conclusion that the lack of coordination between monetary and fiscal au-
thorities implies necessarily higher fiscal deficits and higher real interest rates. Also
extending Nordhaus’ work, we analyze the Stackelberg equilibrium, which allows us
to assess whether the main conclusions change if the monetary /fiscal game is played

sequentially.

Other two important differences with respect to previous work are that, first, we
assume asymmetric preferences and, second, we analyze separately aggregate supply

and demand shocks (the latter are studied in the appendix).

2.1 The model

We assume that policy makers seek to maximize an asymmetric utility function.
Both fiscal and monetary authorities dislike output falls and inflation hikes; however,
they do not mind output rises or inflation drops. In addition, we assume that both
authorities dislike changing their respective policy instrument from its equilibrium

level.

The utility level for the fiscal authority is denoted by U and its relative preference
between objectives is given by the coefficients o, 3% and §. They measure respectively
the cost associated to output falling below a certain threshold (y — y*), to inflation
rising beyond a desired level (7 —7*) and to deficit deviations from a socially optimal
level (D — D*). Note that o, 3,6 > 0.3

U =vi{{y -y, (- "), (D~ D)}
UF = —a'{min(y — y*,0)}? — 8" {max(r — 7*,0)}*> — §(D — D*)? (1)

The monetary reaction function is modeled with the same structure, but instead

of the deficit deviation it has an intrinsic preference over its instrument, the real

2Frankel concludes that policy coordination may not be welfare improving if it means a departure
from the “true” model. However, coordination would be more likely to be welfare improving if this
means sharing information and agreeing on a common model for the economy.

3More precisely, D represents the overall deficit minus interest payments (primary deficit).



interest rate (r). As in equation (1), UM represents the monetary authority utility
level and o™, M and 7 measure respectively the cost associated to output falling
below a certain threshold (y — y*), to inflation rising beyond a desired level (7 — 7*)
and to real interest rate deviations from its socially optimal level (r — r*). Note that
aM M > 0.

UM =v*{(y—y"). (m =), (r —17)}

UM = —oM{min(y — y*,0)}*> — pM{max(m — 7*,0)}2 — 7(r — r*)? (2)

The assumptions that §,7 # 0 can be justified as reflecting: i) a political cost
faced by the monetary and fiscal authorities of changing their respective instruments,
and ii) a real cost over the economy in the long run coming from policy induced
deviations from the optimal levels (e.g. high cost of capital may have effects over the

long-run rate of growth).

We assume that the monetary authority cares more for inflation hikes than the
fiscal authority does. Conversely, the fiscal authority is more concerned about output
drops than its monetary counterpart is. That is , 3 > 8% and af" > a™. Thus, the
divergent authorities’ preferences reflect both the Central Bank’s mission to contain
inflation and the voters’ aversion to unemployment that the fiscal authority has to
deal with. We assume that the socially optimal levels y*, r*, D*, and r* are perceived

to be the same by both authorities.

The forces that rule the economy are modeled as follows:

y—y =vpD—=D") =%(r—r") +% (3)
=7 =Xy —y") — Ao (4)

Equation (3) gives the aggregate demand function and (4) gives aggregate supply (or
Phillips Curve). The term (y — y*) represents the output gap, (7 — 7*) represents
the inflation level deviation from the optimal rate, vp and +, represent respectively
the output gap elasticity to fiscal deficits and to real interest rate, and ), represents
the inflation elasticity to output gap. Aggregate demand and supply shocks are

represented respectively by vo and ). For simplicity, we set D*, r* = 0.*

4In modern macroeconomics, the Phillips Curve is given by the relation between unexpected
changes in the inflation rate and the output gap. However, in our one-period model, unexpected
changes in the inflation rate can be represented by m — 7*.



In what follows we concentrate on aggregate supply shocks, which in our model
create a trade-off between output and inflation for both authorities. In the appendix
we study the fiscal and monetary response to aggregate demand shocks; we show that
the central hypothesis of the model, tested in the empirical section, holds for this type

of shock as well.

The solution for the case of a positive aggregate supply shock (Ag > 0) is trivial.
This results from the type of asymmetric loss functions that we have assumed. A
positive supply shock leaves inflation lower than 7* and output higher than y*, in
which case neither authority suffer a loss and thus their is no policy response. On
the other hand, a negative supply shock lowers output and increases inflation, thus
inducing a policy reaction by both authorities. It is this case which we study in detail

in the following sections

Given a negative supply shock, the loss functions (equations 1 and 2) can be

written as follows:

U = —a”(y ')’ — 8" (x — ') — 6(D ~ D) (5)

UM = —aM(y —y")? = g (m — 7" = r(r —r")? (6)

This simplification is correct because, as we show below, the resulting equilibrium
level of output is lower than y* and inflation is higher than 7*. In other words, the

solution is interior to the range y < y* and © > 7*.

2.2 Single economic authority

First we determine the optimal levels of D and r in the case that each authority is able
to determine both instruments (single economic authority). This will give us their
respective “bliss points.” We can then compare the situation when each authority
determines its own instrument under lack of coordination with alternative scenarios
such as first, a single economic authority managing both monetary and fiscal policies,

and, second, the two authorities working under policy coordination.’®

5By coordination we understand the process through which two independent authorities negotiate
their strategies in order to improve results for both.

10



When the fiscal authority also determines the interest rate, the first order condi-
tions (F.O.C.s) are:

aUF F * F *
a—D:—Qa (y—y")yp — 28" (m — ") A\yyp — 20D =0 (7)
our

5 = 25 (y — y* )y + 2685 (7 — )Ny = 0 (8)

From (7), and substituting (3) and (4), we obtain the fiscal reaction function
(FRnFn):

FRnFn: D= 9)

1 Yr >\y)\0
5 pontinn 5 F/QF 2
L+ arisms grop T (@l /B 4+ A7)

From (8) we obtain what we call the fiscal cross maximization function (FCrMx)
because it results from the fiscal authority optimization over the “cross” instrument

(i.e. the real interest rate).

Ay
FCrMx: D = lr—l— y20 }

- [maF/ﬁF ) (10)

Figure 2 shows equations (9) and (10), FRnFn (Fiscal Reaction Function) and
FCrMx (Fiscal Cross Maximization) respectively. The intersection of these two equa-
tions results in the optimal pair (D, r%'), the fiscal authority’s bliss point. The max-
imization is achieved at the fiscal’s optimal level of aggregate demand with D = 0.
This result is to be expected given the fiscal authority’s dislike of deviating the public
deficit from its optimal level. From the fiscal authority utility function (5) we can see
that it is costless to obtain the optimal aggregate demand level using r instead of D

as the policy instrument.

The dotted lines in Figure 2 and the ones that follow, represent iso-aggregate
demand levels (iso-AD). The slope of the aggregate demand function is 7, /vp. From
equation (10), the slope of FCrMx is ~,/vp, so this line also represents an aggregate

demand level, which in this case is the optimal fiscal activity level.

Analogously, we can obtain the monetary authority’s bliss point. When the central

bank determines both D and r, the F.O.C.s are derived from the maximization of the

11



central bank’s utility function (6) with respect to both instruments. The Monetary
Reaction Function (MRnFn) is given by:

ouM
= 0
or
T Yo AyAo
MRnFn: D= |1+ —7r + 11
ufn %?(OéMJrﬁMA%,)} ot [VD(aM/ﬁMHi)} )

and the Monetary Cross Maximization (MCrMx) is given by:

M = ()=
oD
Vr )\y)\O
MCrMx: D= -=- 12
M ' LDmM/ﬁM T A;)l (12

The monetary authority’s bliss point, pair (D r™), is obtained in the same way
as for the fiscal authority. Its optimal aggregate demand level is reached with its
instrument unchanged, r = 0. Figure 2 shows that the level of aggregate demand
obtained at the monetary bliss point is lower than the one reached at the fiscal bliss
point. This comes from the relationship between of' /8 and o™ /3 the authorities’

relative preferences for inflation and output (! /3% > oM /pM) .6

What happens if the monetary authority presents a higher preference loss related
to inflation? (higher ™). The central bank’s optimal aggregate demand will de-
creases in other to reach lower inflation. As discussed in the paragraph above, this

change in the bliss point represents a downward movement along the D axe.

Summarizing, the simple scenarios of non-independence (single economic author-
ity) shows: i) the effects over activity caused by different preference in the authority’s
utility function, and ii) the desire of each authority to use the other’s instrument to

adjust the output and inflation gaps and thus optimize its utility function.

In addition to the cases of non-independence, it is interesting to study the case
where there is coordination between independent powers. The contract curve shown
in Figure 2 describes the possible solutions for this scenario. It is the group of points

where there is no possibility to improve the situation of one player without diminishing

6Remember that the dotted lines represent iso-AD. In this case, the MCrMx (12) gives the bliss
aggregate demand level for the monetary authority.
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the utility level of the other. In other words, the contract curve is the line that contains

the tangents points between the two sets of iso-utility curves.”

Even though with independent authorities, points on the contract curve seem to be
the best solution to both players, this coordinated equilibrium may not be enforceable
and thus unlikely to be achieved. In the real world, the existence of independence
plus i) the obstacles to enforce all commitments, ii) the transaction costs that hinder
the coordination process and iii) the practical inability to discern outcomes due to
policies from those due to shocks suggest that actual policy actions may be more

realistically modeled as Nash or Stackelberg games.

2.3 The Nash equilibrium

The Nash equilibrium applies when both players decide simultaneously and without
coordination their respective strategies. In the monetary-fiscal game, this means that
each authority has to decide the level of its instrument knowing that its counterpart
is rational and has certain preference over inflation and output gaps. Then, the Nash
equilibrium will result in a pair (D", 7") in which no player can reach a higher utility

level by unilaterally deviating from it.

The Nash solution is obtained when each authority maximizes its utility func-
tion with respect to its own instrument, taken the other policy instrument as given.
Equations (7) and (11) represent the F.O.C.s of the Nash solution. Thus, the reaction
function of the fiscal authority (FRnFn) is given by equation (9):

1 Yr )‘y)‘O
Espu———— S I SR Y L )
G BFyp T 1D y

FRnFn: D= 9)

and the monetary authority’s reaction function (MRnFn) by equation (11):

T Vr AyAo ]
MRnFn: D= |1+ —r 4 1
{ (oM + ﬁMki)] D {’VD(OéM/ﬁM +AY) -

Comparing these two equations we can see that: i) the slope of MRnFn is higher

than ~,./vp and the slope of FRnFn is lower than ~,/vp, which reflects the loss

"The shape of the iso-utilities shown in Figure 2 depends on the authorities’ utility function
parameters: i) the relative preference for inflation and output gaps and ii) the relative cost associated
with deviations of the respective instrument.
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associated to deviating their respective policy instrument from its optimal level, and
ii) the intercept of MRnFn is more negative than that of FRnFn, which results from
the monetary authority’s lower loss from output gaps (and higher loss from inflation

gaps) than the fiscal authority (see Figure 3)

The intersection of MRnFn and FRnFn gives the Nash solution. After a fair

amount of algebra, the solution of the Nash equilibrium is given by,

—2A (af B — aM B N + 7B A Ao
V20 [ p(aM 4+ BMAY) + 76 /vp + ypT(a” + FTA])
N _ —A2 A (@F BM — aMBFYAg — 6BM A\, A

Y0 (aM + BMAZ) + 15/, +pT /(e 4 BEAZ)

DY =

(13)

r (14)

From equation (13) note that the sign of DY doesn’t have to be strictively positive.
In fact DV will be negative if the preference difference between monetary and fiscal
authorities is small with respect to the utility loss of changing the interest rate from
its optimal long-run level. This case, however, is of little practical importance. This
is so because in the presence of a negative supply shock, central bank independence
would result in a higher inflation rate with respect to the fiscal bliss point (see Figure
5). Therefore, in what follows we assume that the condition given in equation (15)
holds, so that the Nash equilibrium always implies higher deficits and real interest
rates than the solution under a single economic authority. Intuitively, this condition
requires that the central bank values low inflation sufficiently more than the fiscal

authority and sufficiently more than keeping the interest rate at its long-run level.

F

o M — aMpE > T— (15)

The Nash equilibrium portrayed in Figure 3 represents the conclusion given in
Loewy (1988) and Nordhaus (1994): the levels of the real interest rate and the fiscal
deficit in the Nash equilibrium are higher than those given in either bliss point. In
fact, the aggregate demand level obtained at the Nash equilibrium can be achieved by
a large number of combinations of lower deficits and interest rates. The Nash equi-
librium (DY, r") is Pareto inferior to a large set of points, particularly the contract

curve between the two bliss points.
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Why does this “inefficiency” occur? The following example, presented in the Box
of Figure 3, may clarify the intuition behind this result. Starting from the fiscal
bliss point (D, rf"), suppose that the central bank is granted independence and no
coordination is possible. The monetary authority could react to the initial aggregate
demand level by increasing r to a new level, through which it can maximize its utility
function for the fiscal deficit D = 0 (point 1). A rational fiscal authority knows this
possible reaction and the aggregate demand level that it implies, and thus it could
react with a D level that maximizes its own utility function given the new real interest
rate level (point 2). Analogously, the monetary authority could reset its instrument
to a new optimal level given the latest fiscal reaction (point 3). As we can see from
the figure, both authorities will continue to adjust their respective policy instrument
until no player can improve its utility given the rational reaction of the other player.

This equilibrium is represented by the optimal pair (DV, 7).

What happens if the difference in preferences between the two authorities becomes
wider (the difference between of /3% and o™ /3M gets higher)? Modeled as higher
BgM (EM > M), from Figure 4 we can see that the new equilibrium (Dﬁ,rﬁ) will
necessarily be located to the north-east of (D™, r"), which means higher levels of
both instruments and lower inflation and aggregate demand. Both the intercept and
the slope of MRnFn will be lower if 8 increases to 3™, reflecting the lower desired
aggregate demand level that results from the stronger central bank’s anti-inflation

preference. 8

Summarizing, modeled as a Nash game, the uncoordinated policy reaction of
fiscal and monetary authorities to a negative supply shock results in higher fiscal
deficits and higher real interest rates than those obtained if either authority determine
both instruments. Moreover, when the authorities become more divergent on their
preferences for output and inflation gaps, the resulting fiscal deficit and real interest

rate become larger.

Finally, substituting the resulting D and r" in the output gap equation (3) and
in the inflation equation (4), it can clearly be seen that the equilibrium output is

lower than y* and inflation higher than 7*. In other words, the solution is interior to

8This result is maintained if we modeled the increase in preference’s difference as a higher af’,

lower a™ or lower 3F. The last two results can easily be derived from the resulting values of DV
and V.
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the range y < y* and m > 7*. Thus, it is valid to assume that given a negative supply
shock the authorities’ utility function can be modeled as the simple quadratic form

of equations (5) and (6).

2.4 The Stackelberg equilibrium

Whereas the Nash equilibrium is obtained when both players move simultaneously, a
sequential play of the game leads to the Stackelberg equilibrium. For the monetary-
fiscal game this means that one authorities decides first the magnitude of its instru-
ment and the other one follows it. Assume first that the monetary authority is the

leader. The opposite case is analyzed at the end of this section.

In the Stackelberg game, when the central bank is the leader, it knows that the
fiscal reaction to its move will be ruled by equation (9), the optimal response of the
fiscal authority to a given real interest rate. Thus, the follower’s (fiscal) reaction

function is given by:

FRnFn: D = 9)

1 ]lwl Ao

Lt g ] 0 e T (al/6T 4 X))

The central bank’s F.O.C. as the leader of the Stackelberg game is obtained by
maximizing UM with respect to r, taking into account that the central bank is now
able to affect D according to the fiscal authority’s reaction function (9). We can then

express the monetary authority’s “action” function (MAnFn) as follows:

T Vr )‘y)‘()
MAnFn: D= |1+ —r + 16
T2 + ﬁMA;)] Tt | gy 10
where .
o = 5 <1 (17)
3 (1487 X2)
1 + DT

Substituting (9) into (16), we can determine the central bank’s optimal magnitude for
the real interest rate. Then, given r the fiscal authority decides its deficit according

to (9). The Stackelberg solution is given by:

_ — A (@ BY — aM BTN + TN Ao
D920 /yp(aM + BMAZ) + 70 /yp + ypT(al + BIA3)

DS
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s — PR (aF BN — aM )N — BOFMA o

" T 3,000 + BMN2) + 75 /v, + DT/ Ve (e + BEA2)

(19)

As in the Nash equilibrium, the resulting fiscal deficit, equation (18), doesn’t
have to be strictively positive. As the authorities’ preferences get more similar, the
positive first term in the numerator gets smaller; and as 7, the relative cost of central
bank’s deviation of its instrument gets higher, the sum of the last two term becomes
more negative. As previously, the case of a negative equilibrium deficit has little
practical importance for it implies that central bank independence would result in a
higher inflation rate with respect to the fiscal bliss point. Therefore, in what follows
we assume that the condition given in equation (20) holds, so that the Stackelberg
equilibrium always implies higher deficits and real interest rates than the solutions

under a single economic authority.

F
F oM M gF

— > —— 20

" — Mgt > L (20)

Figure 6 shows the Stackelberg equilibrium, which is the intersection between

equation (16), MAnFn (Stackelberg), and equation (9 ), FRnFn. Similarly to the

Nash solution the lack of policy coordination modeled as a Stackelberg game results

in higher fiscal deficits and higher real interest rates than those obtained when either

authority controls both policy instruments

In this case, what happens if the difference in preferences between the two au-
thorities becomes wider (the difference between o /3" and o™ /3™ gets higher)? As
in the Nash game, modeled as higher s (B\M > M) the new equilibrium (D§ o )
will necessarily be located to the north-east of (D, %), which means higher levels of

both instruments and lower inflation and aggregate demand. °

Relative to the Nash solution, the Stackelberg equilibrium produces lower deficits
and interest rates. When the monetary authority is the leader it also implies a higher
level of activity (and inflation) and allow both authorities to reach a higher iso-utility
curve than in the Nash equilibrium. The Box in Figure 6 shows the case in which the
fiscal authority is the leader. In this scenario the conclusions are similar except that

the resulting aggregate demand level is lower with respect to the Nash solution.

9As in the Nash game, this result is maintained if we modeled the increase in preference’s dif-
ference as a higher o', lower a™ or lower . The last two results can easily be derived from the
resulting values of D and r°.
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Finally, with the same procedure used in the Nash game, it can clearly be seen
that the Stackelberg solution is interior to the range y < y* and = > 7*. Thus, it is
valid to assume that given a negative supply shock the authorities’ utility function

can be modeled as the simple quadratic form of equations (5) and (6).

2.5 Main conclusions

We have modeled the lack coordination between fiscal and monetary authorities as,
alternatively, Nash or Stackelberg games. Under the assumptions that i) the monetary
authority loses more from inflation than output gaps than the fiscal authority does,
and ii) the monetary authority is sufficiently willing to modify its instrument, we find

three main conclusions.

First, in the presence of a negative supply shock the lack of coordination results
in higher fiscal deficits and interest rate than those obtained when either authority
controls both instruments. Second, when the preference divergence between the mon-
etary and fiscal authorities increases, so do the equilibrium fiscal deficits and interest
rate. As we show in the appendix, the latter result holds not only for negative sup-
ply shocks, but also in the presence of aggregate demand shocks. This is the main

conclusion tested in the empirical section of the paper.

Third, when the relationship between the fiscal and monetary authorities can be
represented as a leader-follower relationship, the Stackelberg solution applies. In this
case, the previous two conclusions are also valid, but in a milder form: the Stackelberg
solution produces levels of fiscal deficits and interest rates that are in between the

policy-coordination solution and the Nash equilibrium.

3 Empirical Evidence

The main conclusion of the theoretical section can be summarized as follows. In a
context where fiscal and monetary authorities are independent and do not effectively
coordinate their policy responses, countries and time periods where the fiscal and
monetary authorities are more divergent regarding their preferences for output and

inflation gaps will exhibit larger primary deficits and real interest rates. Given the
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highly simplified nature of our game-theoretic model, this conclusion would apply only
after controlling for other factors affecting the level of primary deficits and domestic

real interest rates.

In this section, we bring to bear some empirical evidence concerning our main
conclusion. We base this evidence on regressions using both cross-country and time-
series data. This choice is justified by the nature of our conclusion, which compares

different policy regimes within and between countries.

3.1 The empirical model

Let d be the primary deficit (properly normalized to be comparable across countries
and over time) and 7 the real domestic interest rate (specifically, its portion subject

to changes in policy.) Then, consider the following two regression equations:
diy = BaXij+0amfis +eir (21)

riv = 3 Xij+0mfis+ piy (22)

where mf is an indicator of the preference difference between monetary and fiscal
authorities regarding inflation and output gaps, X is a set of control variables, and
the subscripts ¢ and t denote country and time, respectively. We assume that there is
cross-country homogeneity in the response of primary deficits and real interest rates
to changes in mf and X, thus the coefficients 3 and 6 are the same across countries

and over time.

Hypothesis test. The test of our main hypothesis is based on the sign and sig-
nificance of both 6; and 6,. If both are significantly positive, we conclude that an
increase in the preference divergence between monetary and fiscal authorities rises,
ceteris paribus, the primary deficit and the real interest rate, thus supporting our

main hypothesis.

Sample. We use a pooled data set of annual observations for the period 1970-94
covering most industrialized countries. Since the paper focuses on the interaction of
fiscal and monetary policies towards stabilization, we cannot use countries where the
fiscal-monetary relationship has been dominated by the inflationary finance of the

fiscal deficit. We recognize that in that case, the issues analyzed in this paper are
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of second order importance. That is the reason why in the empirical section we do
not work with developing countries or with OECD countries that have experienced
relatively high inflation over the last three decades; this is the case of Greece (average
inflation: 14%), Iceland (24%), and Portugal (14%.) For the remaining industrial
countries the average inflation rate for the period has been below 10%. In the 1990s
many developing countries have pursued stabilization policies that brought their in-
flation rate down to single digits (notably, Argentina, Bolivia, Peru, and Poland.) In
so far as these countries do not revert to using the inflation tax as a means to finance
their fiscal deficit, the issues and policy biases put forward in this paper are relevant
for them. However, given that their period of stability is too recent, we cannot include
them in the paper’s empirical analysis. The industrialized countries in the sample
are Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain,
Finland, France, the United Kingdom, Ireland, Italy, Japan, Netherlands, Norway,
New Zealand, Sweden, and the United States.

Structure of the error terms and method of estimation. Regarding the character-
istics of the error terms in the deficit and interest-rate regressions, we work under the

following two alternative sets of assumptions:

a) Joint endogeneity of d and r and no country random effects: We allow for the
joint endogeneity of d and r by admitting a contemporaneous correlation between
their respective error terms. However, we assume that each error term is uncorre-
lated both serially and across countries. In this case the method of estimation is the

seemingly unrelated regression estimator (SURE) applied to pooled data.

Eleipjs| = ooy for i = j, t = s and 0 otherwise (23)
Eeise55) = 0ec for i = j, t = s and 0 otherwise (24)
E[pipjs) = o,y for i = j, t = s and 0 otherwise (25)

b) Joint endogeneity of d and r and country random effects: As in the previous
case, we allow for the joint endogeneity of d and r by admitting a contemporaneous
correlation between their respective error terms. Additionally, in this case we allow
the error terms corresponding to the same country to be correlated. However, we
keep the assumption that the error terms of different countries be uncorrelated. In

this case the method of estimation is the seemingly unrelated regression estimator
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(SURE) joint with the random effects estimator applied to pooled data.
Eleipjs| = ooy for i = j, t = s and 0 otherwise (26)

Elcis€it] = 0ce, Elcitcis) = ope for t # s and E[g;,6;5] =0 for i # 5 (27)

Episptie] = 0ppy B [pitpis) = ory for t # s and E [p;155] = 0 for i # 5 (28)

Dependent variables. For the deficit regression, the dependent variable is the ratio
of the central government’s primary deficit (total deficit minus interest payments)
to GDP. Dividing by GDP makes the scale (or metric) of primary deficits such that
it can be used for regressions across countries and over time. For the interest-rate
regression, the dependent variable is the domestic real interest rate minus the inter-
national rate. We use the deviations from the international rate to account for the
fact that domestic rates are heavily influenced by parity conditions in countries with

open capital accounts.!?

Control variables. Our main hypothesis deals with only one of the many potential
determinants of primary fiscal deficits and domestic real interest rates. Therefore, in
order to test it we must control for other variables that influence or are influenced by
primary deficits or domestic real interest rates. We use the same control variables for
both regressions. To account for the real effects of the business cycle, we use both the
current GDP growth rate (G) and the growth rate deviation from its previous five-
year average (GD). We include the current inflation rate (7) to control for seignorage-
related factors and its deviation from the previous five-year average (wD) to control for
the price effects of the business cycle. In order to account for international conditions
and shocks, we incorporate the terms of trade (70T) and the average growth rate
of all industrialized countries (GOECD). Finally, to control for Ricardian-equivalence

effects, we use the private saving rate (sp).

Proxies for the variable of interest. The variable whose effect on fiscal primary
deficits and domestic interest rates we want to assess is the preference difference be-
tween monetary and fiscal authorities regarding inflation and output gaps. We proxy

for this variable with measures of the central bank’s commitment to control inflation,

10Nominal domestic rates are deflated by an average of current and next-year inflation rates.
The international real interest rate is the nominal Eurodollar London rate adjusted with the CPI
percentage change for industrial countries.
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as expressed in its charter. This is an appropriate proxy under the maintained as-
sumption that the fiscal authorities’ relative preference for output and inflation gaps

does not vary much over time and across countries.

The first two proxies are based on the 1992 paper by Cukierman, Webb and
Neyapti (CWN, for short). The first one (wobj) is their index for the importance of
price stability as a central bank objective. ' This proxy covers most industrialized
countries and many developing countries over the period 1970-89. The second proxy
(mobj-a) results from updating the CWN’s index up to 1994. The update is done
assuming that the central banks of the sample countries have not changed their stance

about inflation except when they explicitly adopted an inflation-targeting regime.

The third proxy (wtarg) is a dummy variable for whether the Central Bank
has an explicit inflation-targeting regime. Except for the case of Germany, ex-
plicit inflation-targeting regimes have been adopted rather recently: Australia (1993),
Canada (1991), Finland (1993), New Zealand (1990), and Sweden (1993). In addition,
we use CWN’s index of central bank independence (cbi), exclusive of the price-stability
objective, in order to compare the effects of central bank independence with those of

central bank preference for price stability.

3.2 Discussion of results

Tables 1, 2 and 3 present the estimation results. The first two tables use the proxies
based on how important the inflation objective is for the central bank (mwobj, wobj-
a, and wtarg). The third table presents the results using the index of central bank
independence (cbi) as the explanatory variable of interest. In each table, we present
the regression results by pairs of the primary deficit and the real interest rate as
dependent variables in each SURE system. Whereas the estimation presented in

Table 1 is performed under the assumption of homoskedasticity and independence

1ICWN’s index for the inflation objective of the central bank is based on explicit information
contained in its charter. The index goes from 0 to 1. The specific values are assigned according
to the following criteria: 1 if price stability is mentioned as the only or major goal, and in case of
conflict with government CB has final authority to pursue policies aimed at achieving this goal; 0.8
if price stability is mentioned as the only goal; 0.6 if price stability is mentioned along with other
objectives that do not seem to conflict with price stability (e.g., stable banking); 0.4 if price stability
is mentioned with a number of potentially conflicting goals (e.g., full employment); 0.2 if central bank
charter does not contain any objectives for the central bank and 0 if some goals appear in the charter
but stability is not one of them.
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across countries and over time, the estimation results in Table 2 are obtained through
a country random-effects model. Table 3 presents both estimation methods for the

case of cbi as explanatory variable.

The estimation results presented in Tables 1 and 2 broadly support our main
hypothesis. Controlling for shocks and economic conditions that influence primary
deficits and the real interest rate, countries and time periods where the central bank
places a larger importance on keeping inflation down are associated with both larger
primary deficits and real interest rates. In the case of wobj-a, the proxy with largest
coverage and signal variance, its effect on both the primary deficit (as ratio to GDP)
and the real interest rate (as deviation from the international rate) is positive and
significant at the 5% level. The sign, significance and even size of the corresponding
coefficients are virtually the same both ignoring and controlling for country random
effects. The estimated coefficients with the random-effects model imply that a 1
standard deviation increase in wobj-a is associated with both a primary deficit increase
of 0.56% of GDP and a rise of the domestic real interest rate by 0.46 percentage points

over the international rate.

The results obtained with the other two proxies based on the central bank’s con-
cern for price stability, mobj and mwtarg, are fairly similar. The estimated coefficients
are always positive. In most cases they are statistically significant at conventional
levels (5% or 10% significance), and in the rest they are at least marginally significant

(the largest p-value is 17%).

In Table 3, we study whether measures of central bank independence would render
the same results as the measures of central bank’s concern for price stability. We find
no significant effects of central bank independence on primary deficits under either
estimation method. Central bank independence does have a positive and significant
effect on real interest rates when homoskedasticity and independence of the error
term is assumed. However, the statistically significance of this result vanishes when
country random effects are allowed for. Comparing the results of Table 3 with those
of Tables 1 and 2, we conclude that having an independent central bank is not by
itself conducive to the policy biases that result from the lack of policy coordination.
The key issue is the divergence of objectives (revealing different preferences) between

fiscal and monetary authorities.
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Finally, we give a note of caution. In the empirical exercises presented in the paper,
we have proxied the preference divergence between fiscal and monetary authorities
with measures of the central bank’s concern with price stability. However, policy
implications should be derived with respect to the variable of interest (difference in
preferences) and not with respect to its proxy. We worked under the assumption that
fiscal authorities’ preferences are relatively constant across countries and over time.
We adopted this empirical approach for convenience given that it is easier to find
empirical measures for central bank’s objectives than for those of fiscal authorities.
Thus, the note of caution is that the empirical results of the paper should not be taken
to imply that in order to reduce the described policy biases, the central bank should
unilaterally lower its standards for inflation control. Rather, the policy implication
we favor is that coordination both at the level of setting objectives and at the level
of policy implementation can alleviate the biases that move the economy to sub-

optimally higher fiscal deficits and real interest rates.
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Table 1: The Effects of Different Preferences Between Fiscal and
Monetary Authorities on Deficits and Real Interest Rates

Sample: 19 Industrial Countries, 1970 — 1994

Estimation: SURE, independence and homoskedasticity

SURE 1 SURE 2 SURE 3
Dependent Variable D/GDP rr™ D/GDP ra* D/GDP  rr™
Preference for mobj .010 011
inflation control (2.5) (2.29)
mobj-a 012 013
(2.85)  (3.06)

mtarg .008 .013

(1.56)  (2.52)

Growth -.114 -.002 -.350 -.162 -.315 -.110
(-.99)  (-.02) (-3.12) (-1.38) (-2.77)  (-.93)

Growth deviation 197 -.192 353 -.126 335 -.163
(152)  (-1.25)  (2.81)  (-.96)  (2.62) (-1.22)

Inflation .366 -.204 374 -.336 37T -.323
(9.46)  (-4.48)  (9.77)  (-8.36)  (9.47) (7.78)

Inflation deviation -.324 -.393 -.313 -.33 -.328 -.354
(-4.88)  (-5.02)  (-4.47)  (4.44) (-4.58) (-4.72)

Terms of trade -.05 .026 -.039 .048 -.04 .047
(-3.77)  (1.68) (-2.72) (321)  (-28)  (3.11)

Growth OECD -2.067 -.386 -.129 -.59 -.151 -.612
(-2.2)  (-349) (-1.31) (-5.7)  (-1.52) (-5.91)

Private saving -.351 -.036 34 -.013 311 -.043
(9.8) (-.86) (9.42) (-.34) (8.99) (-1.2)

C -.042 -.014 -.048 -.017 -.037 -.007

(-2.59)  (-.73)  (-2.75)  (-92) (-2.18)  (-.36)

R? 0.41 0.28 0.32 0.42 0.31 0.41
# Countries / Obs. 19/348 19/348 19/438 19/438 19/438 19/438

t-Statistics in parenthesis.
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Table 2: The Effects of Different Preferences Between Fiscal and
Monetary Authorities on Deficits and Real Interest Rates

Sample: 19 Industrial Countries, 1970 — 1994

Estimation: SURE, random effects

SURE 1 SURE 2 SURE 3
Dependent Variable D/GDP rr™ D/GDP ra* D/GDP  rr™
Preference for wobj 011 014
inflation control (1.39) (1.9)
mwobj-a 017 .014
(2.52)  (2.37)

mtarg .012 .009

(1.85)  (1.46)

Growth -.189 184 -.518 -.016 -.51 .001
(-1.62)  (1.37)  (-4.44)  (-13)  (-4.24)  (.01)

Growth deviation .246 -.371 504 -.303 .500 -.309
(1.92)  (-25)  (3.92) (-2.31) (3.83)  (-2.30)

Inflation 377 -.155 .382 -.374 .388 -.372
(8.18)  (-3.02)  (9.19) (-8.89) (9.05) (-8.54)

Inflation deviation -.323 -.469 -.282 -.321 -.297 -.333
(-4.80)  (-6.05)  (-4.04) (-4.47) (-4.17) (-4.54)

Terms of trade -.05 .003 -.04 027 -.04 .026
(-3.51)  (16)  (-2.74) (1.78) (-2.72) (1.72)

Growth OECD - 177 -.352 -.079 -.556 -.095 -.571
(-2.02) (-3.43) (-.84) (-5.68) (-1.01) (-5.85)

Private saving 3 -.108 341 -.044 319 -.068
(5.99) (-2.04) (6.90) (6.60) (8.99) (-1.46)

C -.03 .014 -.046 .008 -.036 018

(-1.68) (.69) (-2.48) (.41) (-1.99)  (1.01)

R? 0.51 0.41 0.42 0.51 0.42 0.50
# Countries / Obs. 19/348 19/348 19/438 19/438 19/438 19/438

t-Statistics in parenthesis.
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Table 3: The Effects of Different Preferences Between Fiscal and
Monetary Authorities on Deficits and Real Interest Rates
Sample: 19 Industrial Countries, 1970 — 1989
Estimation: SURE

Independence and Random effects
homoskedasticity

Dependent Variable D/GDP  rr'™ D/GDP  rr'™
Preference for cbi -.004 .025 .0003 .014
inflation control (-0.44)  (2.31) (0.02)  (1.11)

Growth -.11 .082 -.193 231
(-.95) (.59) (-1.64) (1.7)

Growth deviation 204 -.25 257 -4
(1.53)  (-1.61) (1.99)  (-2.66)

Inflation .35 -.16 378 -.122
(8.15)  (-3.18) (7.87)  (-2.23)

Inflation deviation -.317 -.455 -.327 -.51
(-4.49)  (-5.53) (-4.73)  (-6.38)

Terms of trade -.052 .025 -.051 -.001

(-3.93)  (1.63) (-3.54) (-.1)

Growth OECD -.214 -.403 -.181 -.35
(-2.26)  (-3.64) (-2.07)  (-3.48)

Private saving 326 -.069 .286 -.153
(9.41) (-1.7) (5.83)  (-2.78)

C -.028 -.016 -.023 .023

(-1.67) (-.83) (-1.22)  (1.06)

R? 0.39 0.28 0.51 0.42
# Countries / Obs. 19/348  19/348 19/348 19/348

t-Statistics in parenthesis.
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4 Conclusions

Central bank independence has contributed to achieve price stability and fiscal dis-
cipline for many countries. The conventional wisdom is that this is a necessary,
first-generation reform of fiscal and monetary policy. The question this paper asks is
whether a second-generation reform consisting of institutional incentives for domestic
policy coordination could be beneficial. The paper presents a game-theoretic model
where the fiscal and monetary authorities interact to stabilize the economy, having
dissimilar preferences with respect to output and inflation gaps and controlling differ-
ent policy instruments. It is assumed, realistically, that the monetary authority has

a larger utility loss from inflation than output gaps than the fiscal authority does.

Modeled as either Nash or Stackelberg equilibria, the solution under lack of policy
coordination implies that in the face of a negative supply shock the fiscal authority
acts more liberally and the monetary authority more conservatively than if either
controlled all policy instruments. Moreover, we find that an increase in the prefer-
ence divergence between the monetary and fiscal authorities leads to, ceteris paribus,
larger public deficits (the fiscal authority’s policy instrument) and real interest rates
(the central bank’s instrument). This conclusion holds true in the presence of both

negative demand and supply shocks.

The empirical section of the paper attempts to test the latter conclusion on a
pooled sample of 19 industrial countries with annual information for the period 1970-
94 and using a seemingly-unrelated regression estimator that allows for country ran-
dom effects. Working under the assumption that the fiscal authorities’ relative pref-
erence for output and inflation gaps do not vary much over time and across countries,
we proxy for the preference divergence between monetary and fiscal authorities with
measures of the central bank’s commitment to control inflation. Controlling for other
shocks and economic conditions, we find that countries and time periods where the
central bank places a larger importance on keeping inflation low are associated with
both larger primary deficits (as ratio to GDP) and domestic real interest rates (as

deviations from international rates).

The empirical results of the paper should not be taken to imply that in order to
reduce these policy biases, the central bank should unilaterally lower its standards for

inflation control. Rather, the policy implication favored in the paper is that, without
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prejudice to the gains from central bank independence, coordination both at the level

of setting objectives and at the level of policy implementation can alleviate the biases

that move the economy to sub-optimally higher fiscal deficits and real interest rates.

This goal must be achieved with “second generation reforms”. These must deal with

the issues that hinder the process of coordination, such as contract enforceability,

transaction costs, and the practical inability to discern outcomes due to policies from

those due to shocks.
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Appendix: Response to aggregate demand shocks

In contrast to supply shocks, aggregate demand shocks (79 # 0) move output and
inflation in the same direction. Therefore, both positive and negative demand shocks
bring forth a policy reaction by fiscal and monetary authorities. Neither solution is
trivial, as was the case for positive supply shocks (given that the authorities do not
care for inflation falls or output increases). In this appendix, we briefly analyze the
fiscal and monetary response to aggregate demand shocks. We do it separately for

positive and negative shocks.

In order to isolate the response to demand shocks, we set the aggregate supply
shock equal to zero. Therefore, the economy’s aggregate demand and supply functions
are given by

y=y =1 (D—=D") =% (r—r")+% (A1)

T—m =Ny —y) (A.2)

A.1 Positive aggregate demand shocks (v, > 0)

A positive demand shock induces a rise in output and inflation. Considering the
type of asymmetric loss functions that we have assumed, only the inflation hike is
of concern to fiscal and monetary authorities. In this case, the loss functions can be

written as,

U = —pf(m —n*)? =6 (D — D*)? (A.3)
UM = M (r —7*) — 7 (r — r*)? (A.4)

It is straightforward to show that the simplified loss functions above follows from
the general loss functions in equations (1) and (2) in the presence of a positive demand
shock. The key issue to realize is that the outcome for inflation and output is interior

to the range m > 7* and y > y*.
Nash equilibrium. The reaction functions in the Nash game are given by,

;] P T (A.5)

FRnFn: D = 5 5
I B T
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T .
MRnFn: D= |14+ ——— | 2r— 22 A6
{ T Ml b I (A.6)

Drawing from the previous sections, we note that the bliss points for the monetary
and fiscal authorities are obtained by setting D = 0 (monetary bliss point) or r = 0

(fiscal bliss point) in the corresponding reaction function.

The Nash equilibrium is obtained by the intersection of the two reaction func-
tions. The closed-form solutions are given in the following expressions. In addition,

Figure A1 presents graphically the reaction functions and the Nash equilibrium.

N —T
DAD+ = 5 ~263M (A7)
YD + ,Y2D)\§/8F + o BE

0
¢ m— (A.8)

N _
VYAD+ = i
5")/7” _'_ 'Y'r/\zﬁl\/[ _'_ ’YTBF

Note that in the case of positive aggregate demand shocks, the resulting deficit is
below D* and the equilibrium interest rate is above r*. Taking derivatives of the
Nash solutions with respect to the preference parameters, we find that an increase in
BM or a decrease in 5% lead to an increase in both the equilibrium deficit and interest
rate. In other words, a widening of the preference divergence between monetary and
fiscal authorities with respect to inflation results in larger deficits and interest rates.

This is the conclusion tested in the empirical section of the paper.

Stackelberg equilibrium. Let us assume that the monetary authority is the leader.
(The results when the fiscal authority is the leader are qualitatively the same and are

explained at the end of this section.)

When the monetary authority is the leader, the fiscal reaction function is the
same that under the Nash game. However, the monetary “action” function (MAnFn)

becomes,

T Vr Yo
MAnFn: D |1+ —] L A9
{ U2N26M | v b (8.9)

0
IREREYR

The intercept of the monetary action function (Stackelberg) is the same as that of its

1

reaction function (Nash). However, the slope is larger in the Stackelberg case. The

closed-form solutions of the Stackelberg equilibrium are presented in the following

31



expressions (see also Figure A2).

s —T70
Dip, = - 2 (A.10)
YD+ A2 BF +¥ ypBY
07y
S 0
TaD+ = 72 BF (A.11)

%+ Fsgm + T
Similarly to the Nash game, an increase in the preference divergence in the Stackelberg

game (higher 8" or lower 8%) results in higher D and r.

When the fiscal authority is the leader (see lower panel of Figure A2), an increase
in the preference divergence also leads to higher D and r. The difference between the
monetary-leader solution and the fiscal-leader solution is that in the former case both
D and r are lower than in the Nash game, whereas in the latter case the opposite
result holds.

A.2 Negative aggregate demand shocks (7 < 0)

A negative demand shock induces a drop in output and inflation. Given the type
of asymmetric loss function that we have assumed, only the output drop is of policy

concern. In this case, the loss functions can be written as,
U = —af'(y —y*)?> — 6 (D — D*)? (A.12)
UM = —aM(y —y)?2 =7 (r —r*)? (A.13)
It is straightforward to show that the simplified loss functions above follows from
the general loss functions in equations (1) and (2) in the presence of a negative demand

shock. The key issue to realize is that the outcome for inflation and output is interior

to the range m < 7* and y < y*.

Nash equilibrium. The reaction functions in the Nash game are given by,

1 ,
FRoFn: D= |——— | tp - 70 (A.14)
1+W YD f)/DJHD&aF
T Vr Yo
MRnFn: D=|14+ —+| —r— — A.15
{ v?on} Yo D (A.15)

32



The bliss points for the monetary and fiscal authorities are obtained by setting D = 0
(monetary bliss point) or » = 0 (fiscal bliss point) in the corresponding reaction

function.

The Nash equilibrium is obtained by the intersection of the two reaction functions.
The closed-form solutions are given in the following expressions. In addition, Figure

A3 presents graphically the reaction functions and the Nash equilibrium.

—T70

Dng 5 y26aM (A'16>
YD+ SpaF T par
5%
Tf{ny - 2ral (A.17)
0% + Tr aM T voraM

Note that in the case of negative aggregate demand shocks, the resulting deficit is
above D* but the equilibrium interest rate is below r*. Taking derivatives of the Nash
solutions with respect to the preference parameters, we find that an increase in o or
a decrease in o™ lead to an increase in both the equilibrium deficit and interest rate.
In other words, a widening of the preference divergence between monetary and fiscal
authorities with respect to output results in larger deficits and interest rates. This is

the conclusion tested in the empirical section of the paper.

Stackelberg equilibrium. Let us assume that the monetary authority is the leader.
(The results when the fiscal authority is the leader are qualitatively the same and are

explained at the end of this section.)

When the monetary authority is the leader, the fiscal reaction function is the

same that under the Nash game. However, the monetary “action” function (MAnFn)

becomes,
T r Yo
MAnFn: D= |1+ ] —r - — A.18
{ UM p (4-18)
= <1
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The intercept of the monetary action function (Stackelberg) is the same as that of its
reaction function (Nash). However, the slope is larger in the Stackelberg case. The
closed-form solutions of the Stackelberg equilibrium are presented in the following
expressions (see also Figure A4).
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Similarly to the Nash game, in the Stackelberg equilibrium an increase in the prefer-

ence divergence (higher o or lower a) generates higher D and r.

When the fiscal authority is the leader (see lower panel of Figure A4), an increase
in the preference divergence also leads to higher D and r. The difference between the
monetary-leader solution and the fiscal-leader solution is that in the former case both
D and r are higher than in the Nash game, whereas in the latter case the opposite
result holds.

A.3 Conclusion

An increase in the preference divergence between monetary and fiscal authorities leads
to a rise in deficits and interest rates in the face of positive or negative aggregate
demand shocks. As discussed in the text, this is also one of the main conclusions

regarding the policy response to negative aggregate supply shocks.
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Figure 2. Bliss points and the contract curve
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Figure 3. The Nash equilibrium
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Figure 4. An increase in central bank's anti-inflation preference
(Nash equilibrium)
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Figure 5. Nash equilibrium when the central bank sufficiently dislikes
changing the interest rate
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Figure 6. The Stackelberg equilibrium
(leader: central bank)
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Figure Al. Nash equilibrium
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Figure A2. Stackelberg equilibrium
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Figure A3.
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Figure A4. Stackelberg equilibrium
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