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Abstract. The paper deals with the fiscal-monetary game. In the game the
fiscal and the monetary authorities take decisions on the choice of the optimum
strategy from the point of view of realization of their respective economic
objectives. A macroeconomic model has been constructed and used to represent
the interrelations between, on the one hand, the instruments of fiscal policy and
of the monetary policy, and, on the other hand — the economic effects resulting
from their application. The best response strategies of the authorities and the
Nash equilibrium state are analyzed. The simulation results obtained indicate
that in a general case the Nash equilibrium is not Pareto optimal. It means that
the policies should be coordinated and that respective negotiations leading to
a Pareto-optimal consensus are needed.

Keywords: macroeconomic modeling, fiscal-monetary game, Nash
equilibrium, bargaining problem, MCDM, negotiations.

1 Introduction

The present paper concerns the problem of choice of fiscal and monetary policies in
the context of mutual decision conditioning between the fiscal authority (the
government) and the monetary authority (the central bank). Each policy is
characterized by the definite degrees of restrictiveness and expansiveness.
A noncooperative game is formulated in which the fiscal and monetary authorities
play roles of players. Each authority tries to obtain his respective economic objective:
a desired value of the GDP dynamics in the case. of the fiscal authority, and a desired
value of the inflation in the case of the monetary authority. Instruments of the
policies, considered as strategies in the game include: the budget deficit in relation to
the GDP value, in the case of the fiscal authority, and the real interest rate, in the case
of the monetary authority.

A macroeconomic model is proposed and used in the game to express influences of
the policies’ instruments on the game outcomes. The model describes the business
cycles mechanism and allows to analyze the state of the economy in time. Using the
model the GDP growth and inflation can be derived as dependent on the instruments
of the policies.



The fiscal-monetary game is analyzed under assumption of the independence of
the fiscal and the monetary authorities. In many situations the Nash equilibrium in the
game is not Pareto optimal. Therefore the multicriteria optimization is applied to
derive Pareto optimal strategies with respect to the objectives of the authorities. Such
strategies can be applied and resulting outcomes obtained under respective
coordination of the policies.

The paper is constituted as follows. The macroeconomic model is presented in
Section 2 including descriptions of the product and the money markets as well as
interrelations between them. Section 3 includes formulation of the fiscal monetary
game and analysis of the game properties. The analysis is illustrated by selected
results of simulations. Conclusions and references finish (close) the paper.

The references include papers dealing with: analysis of monetary and fiscal policy
interactions, independence and coordination of the policies, policy games [1, 2, 3, 14,
20, 21], macroeconomic modeling [7, 16, 6, 4, 5], methods of decision support in
multicriteria bargaining [8, 9], the reference point method of multicriteria
optimization [17, 18, 19]. This paper continues the discussion presented by Nordhaus
[14] related to independence versus coordination of the fiscal and monetary policies.

2 The macroeconomic model

A macroeconomic dynamic model is used in this research. It describes a mechanism
of the business cycles and allows for analysis of economic situation in time. On the
other hand it enables analysis of the monetary and fiscal policies, namely instruments
of the policies: the real interest rate, the deficit of the government budget in relations
to GDP, as well as their influence on the economy, especially on the GDP growth and
on inflation. The model and initial results of simulations have been published by
Woroniecka-Leciejewicz [22].

The model includes two modules describing: a product market and a money
market. The economy is assumed to be in the initial equilibrium state on the product
market as well as on the money market. The product market is described on the basis
of the multiplier model [7] and multiplier- accelerator model of business cycles [16,
6]. Undertaken assumptions and model relations are briefly presented below.

2.1 The product market

The production in the period ¢ is calculated on the demand-side as a sum of the
consumption, investments and government expenditures:

Y6)=Ct)+1(t)+G(), (1)

where: Y is the real production, C - the real consumption, / — the real investments, G -
government expenditures (spending on goods and services), ¢ — time period.

It is measured as the real GDP value. The foreign exchange is not included in the
model.



The real consumption C in the period #:

CO=Br)(CA+c(-1,)Y(-1), @
where: CA denotes the autonomous consumption, ¢ — a marginal propensity to
consume, #, — the net tax rate, » — the real interest rate, »* - the neutral interest rate, a,
A are parameters, /() is a coefficient expressing influence of the real interest rate
on the consumption:

L)=1-da(r-r*), 0<A<], a>0. 3)
The real investments / in the period .
I(t) = a(r)(IA+ kAY (1 1)), “)
where:
a(r)=l-a(@r-r*), a>0, )

IA denotes the autonomous investments, £ — a capital-output ratio (usually, £ is
assumed to be in (0,1) interval), AY(¢) - the increase of the production in the period ¢,
AY(t)=Y(t)-Y(¢-1), (the increase of values for other model variables is denoted
in an analogic way), a(r) — a coefficient expressing influence of the interest rate on
the investments.
The net tax revenue of the government budget (real) 7, in the period #
() =1,Y(0), Q)
where 2, () is a net tax rate.
The government budget balance (real) BS in the period £
BS(1) = Tp()-G(1) @)
where the net taxes value T,(f) equals revenues from the taxes minus the transfer
payments, G are the expenditures including the government spending on goods and
services without the transfer payments. In an analogical way the fiscal revenues take
only into account the net tax revenues like in equation (6).

2.2 The money market

The equilibrium on the money market means that the money supply M is in a balance
with the transactional demand for the money. The demand is determined by the level
of prices and by the real production but depends also on velocity of money
circulation.

M =220, ®

where: M denotes the money supply, P — an index of prices, v — velocity of money
circulation.
The inflation p in the period #:

APt AM (¢ AY (¢ Av(t
)= AP AMO  ATQ) | @) &
P(t-1) M@E-1) Y@-1) v(@E-1)
The inflation has been described in the model according to the monetarist theory
by Milton Friedman [4, 5]. It is determined by an excessive growth rate of the money
supply and by an increase of velocity of money.




It is assumed that the rate of change of velocity of money is in proportion to the
rate in which the production is changed:
Av(t AY(t
20 _, 210 (10)
vie=1) Ty~
where pis a parameter.
The growth rate of the money supply in the period #:
AM ()
M@-1)
where: M is the money supply, m. — the expected money supply growth (on the basis
of expected production growth and inflation), m.(f) — the money growth being the
result of the monetary policy, my(f) — the money growth being the result of the fiscal
policy.
The growth rate of the money supply as dependent on the policy of the interest rate
in the period ¢ has been described by a convex decreasing nonlinear function of the
form:

=mg (1) +m,(t)+mp(t), (11)

m, = AM . (1)
M@ -1)
where: 10, p21, 122, p3 are parameters, 22, - the elasticity of the money growth with
respect to the interest rate, 122 <0.
The growth rate of the money supply caused by the excess budget deficit in the
period ¢ has been described by a convex increasing nonlinear function:

_AMp (@) _ _ e\

MG-1) X, 6-5694, xz, >0, (13)
where: b* - a level of the budget deficit in relations to GDP which does not require to
increase the money supply, o, ¥ 1- parameters, y - elasticity of the money growth
with respect to the excess of the budget deficit, x> 0.

It is assumed that in the initial state the money market as well as the product
market are in the equilibrium state. Cyclic changes in the economy are introduced by
impulses in the form of changes of the private investments and changes of the
monetary and the fiscal policies, i.e. by changes of the interest rate value and the
budget expenditures. The cyclic changes tend in time to a new equilibrium state.
Besides the cyclic changes the long-term trade expressing the exogenous technical
progress is taken into account in the model. Effects of the applied monetary and fiscal
policies are measured by the inflation in the new equilibrium state and by the average
annual GDP growth rate in the considered interval of time.

The model has been tested using hypothetic data. Some number of simulations
have been done. The model parameters, initial values of the model variables, as well
as initial simulation results are presented in [10].

=po(r— )™ + p3, pp <0, 12)



3 The fiscal-monetary game

3.1 Formulation

Relations between the fiscal authority and the monetary authority can be described by
a noncooperative game. The game is defined in the strategic form as follows:

®
(i)

(iii)

(iv)

There are two players /=1, 2: the fiscal authority (the government) and the
monetary authority (the central bank).

For each player a set Q' of pure strategies is defined. The strategies of the fiscal
authority are those of the budgetary policy — from the extremely restrictive to
the extremely expansive. The measure, denoted by b, of the degree of
restrictiveness/ expansiveness of the fiscal policy is constituted here by the level
of budget deficit in relation to GDP. The strategies of the monetary authority
range from the extremely restrictive one to the extremely expansive. The degree
of restrictiveness/expansiveness is equivalent simply to the value of the real
interest rate and denoted by . Let Q denote the Cartesian product of the sets of
the strategies Q= Q'xQ2

For each player i=1, 2, a function #: Q—R is given defining outcome of the
player i for given strategies undertaken by the both players. The outcome of the
fiscal authority is measured by the GDP growth rate, denoted by y, where
y=hl(b, 7). In the case of the monetary authority it is the inflation value, denoted
by p, where p=h*(b, r). The functions #, /=1, 2, are defined by the model
relations.

For each player /=1, 2, a preference relation is given in the set of the attainable
outcomes. It is assumed here that each authority tries to achieve a given goal:
the fiscal authority — a desired value of GDP growth, the monetary authority —
a desired value of inflation.

Central bank — the monetary policy
Table 1. The fiscal- «— restrictive expansive —
monetary game — the table Monetary Monetary Monetary
of outcomes. strategy M strategy M2 strategy M,
(interest rate r;) | (interest rate r;) (interest rate 7,)
2 1 | Fiscal strategy F; P piz Pin
E ® (budgetary deficit b,) Y yi2 Vi
- B
=
E g Fiscal strategy F2 pa p2z =
L : (budgetary deficit o) | 5, Vo2 Vo
£ .=
@
Eg
£ a
s %
é I Fiscal strategy Fin pmi Pz Prn
(budgetary deficit b,,) Vi Y2 Yo




Outcomes of the game in the discrete form are presented in Table 1 as in [20]. The
strategies of the fiscal authority are shown in the first row and the strategies of the
monetary authority - in the first column. The outcomes: GDB growth rate and
inflation are denoted by yj; and pj respectively for assumed F; (budget deficit 4;) and
M; (interest rate ;) strategies of the authorities.

3.2 Analysis of the game

Strategies, outcomes and payoffs of the game ware analyzed using the
macroeconomic model presented in Section 2. Simulation experiments have been
made for different variants of data including values of the model parameters and
initial values of the model variables. Selected results are presented and discussed
below.

Figures 1 and 2 present outcomes of the authorities, as dependent on assumed
strategies.
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Fig. 1. Outcomes of the monetary authority

Inflation (Fig. 1) can be obtained on a low level when a restrictive monetary policy
and a restrictive fiscal policy are applied. Expansive monetary and fiscal policies lead
to enormous nonlinear increase of inflation. On the other hand restrictive monetary
and restrictive fiscal policies lead to decrease of the economic growth (Fig. 2).

Let us assume given goals of the fiscal and the monetary authorities. Let the fiscal
authority try to achieve the GDP growth rate on the level )%, and let the monetary
authority assume the inflation goal on the level pg. Let Q denotes the set of admissible
pairs (b, r) of strategies. The respective best response strategies can be obtained as
solutions of the optimization problems: Min |/'(b, r)- 3| with respect to beQ! solved
for all »eQ?, in the case of the fiscal authority and Min |#?(b, #) - p8| with respect to



reQ?, solved for all beQ!, in the case of the monetary authority, as solutions of the
problem.
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Fig. 2. Outcomes of the fiscal authority

The best response strategies (marked in the figure by triangles) of the fiscal
authority when the GDP growth 38 = 2.2% can be achieved as well as the best
response strategies (marked by rhombs) of the monetary authority when the inflation
p? =2.5% can be obtained, are presented in Fig. 3. Let us see that the lines presenting
the strategies have not any joint point. The Nash equilibrium exists for the
combination of the most restrictive policy of the monetary authorlty and the most
expansive policy of the fiscal authority.

Let us consider possible coordination of the policies. We assume that each player
tries to minimize a distance to his goal, i.e. @=|h'(b, r)-)%| and &= |h*(b, r)-p4|. In this
case @ and @& can be treated as the criteria that should be minimized jointly. Let &
denote the set of attainable values of the pairs (&, &) for (b, r)eQ. We say that the
pair (&, dP) is Pareto optimal in the set 4 if there does not exists any pair (&, &)ed®,
(@, &) # (&, d), such that @ < & and @’ < dP. A representation of the strategies
leading to the Pareto optimal outcomes is presented in Fig. 3 using circle marks. The
Nash equilibrium is far from the possible Pareto optimal outcomes of the authorities.
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Fig. 3. The best response strategies of the authorities and possible cooperative —
coordinated strategies.
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Fig. 4. Payoffs of cooperative — coordinated strategies.

The Pareto optimal strategies have been derived solving the following multicriteria
optimization problem: VMin (|4'(b, r) - y8|, |H%(b, ¥) - p¥) with respect to (b, ¥)eQ,
where VMin means that the criteria are minimized jointly. The representation of the
Pareto optimal strategies and the respective Pareto optimal outcomes have been
obtained applying the reference point method [17,19].



Fig. 4. presents the set of the Pareto optimal outcomes which can be obtained in the
case of coordination of the policies. The point defined by the outcomes corresponding
to the Nash equilibrium is also presented as well as the utopia point. The utopia point
represents the outcomes at which the both goals of the authorities are achieved. The
utopia point is not attainable in the considered case.

Let us see that looking for cooperative strategies we deal with the bargaining
problem formulated by Nash [11] and studied by many scientists. Some ideas of
computer based decision support methods in bargaining problems can be found in [8,

9].

4 Conclusions

The paper presents selected results obtained within the research dealing with analysis
of interactions of the fiscal and monetary policies with application of the game theory
and the multicriteria optimization tools. Within the research the dynamic
macroeconomic model has been constructed, the fiscal monetary game has been
formulated and analyzed. The model describes a mechanism of the business cycles
and allows for analysis of economic situation in time. On the other hand it enables
analysis of the monetary and fiscal policies, namely instruments of the policies: the
real interest rate, the deficit of the government budget in relations to GDP, as well as
their influence on the economy, especially on GDP growth and on inflation.

The model relations have been implemented in the form of the computational
algorithm. The algorithm is a part of a computer-based system used for simulations
and analysis of the game in an interactive way. The simulations were done for some
number of variants including different model parameters and initial values of model
variables describing different states of economy.

The computational results presented show atypical case when the Nash
equilibrium in the game is not Pareto optimal. In this case questions arise: how to
support the players, when they are playing a noncooperative game, in looking for
a Pareto optimal consensus, how to rich the consensus taking into account specific, in
generally conflicting objectives and preferences of the players. In this case
a bargaining problem can be formulated and analyzed with use of the multicriteria
optimization tools. Formulation and analysis of the bargaining problem can be basis
for designing negotiations leading to a Pareto optimal consensus.
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