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EQUILIBRIUM STRATEGIES IN A FISCAL-MONETARY GAME.
A SIMULATION ANALYSIS

The results from a simulation analysis of the policy-mix have been presented, carried out in
a fiscal-monetary game, in which fiscal and monetary authorities make decisions from the point of
view of realizing their own respective economic objectives. In order to represent the interrelations be-
tween, on the one hand, the instruments of fiscal policy and of monetary policy, and, on the other
hand — the economic effects resulting from their application, a modified logistic function was used.
The method adopted enables consideration of the specificity of the effects of these instruments on the
business cycle, consisting in the limited effectiveness of applying any extremely restrictive or expan-
sive policy, and the respective impact on the economy. The simulation study was meant to show the
influence exerted both by the parameters of the function and the priorities of the fiscal and monetary
authorities on the Nash equilibrium state, corresponding to the choice of a particular combination of
budgetary and monetary policies.
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1. Introduction

This paper concerns the problem of choosing a policy-mix in the context of game
theory and the conditions of mutual decision making between the fiscal authorities
(the government) and the monetary authorities (the central bank). A policy-mix consti-
tutes, in this perspective, a combination of fiscal and monetary policies, each of them
being characterized by specific degrees of restrictiveness and expansiveness.

In the discussions taking place around the problem of such policy mixes, argu-
ments have been stated both for and against the independence of the central bank. The
arguments for the independence of the central bank include higher effectiveness in
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countering inflation, lower variability of inflation, as well as a positive impact on the
levels and variety of production (see, e.g., [7, 11, 12, 21, 22]. On the other hand,
though, independence of the central bank may give rise to particular difficulties in
coordinating monetary and fiscal policy. The source of these difficulties lies, above
all, in the differing objectives of the monetary and fiscal authorities, and in the differ-
ing assessments of the potential effects of macroeconomic policies. Studies on the
interdependence between monetary and fiscal policies were initiated by Sargent and
Wallace [17] who formulated the concept of “unpleasant monetarist arithmetic”. In the
discussion on the coordination of a macroeconomic policy, the significance of the
reliability and clarity of the policy conducted is also emphasised [3, 4, 8, 20, 21].

Table 1. The fiscal-monetary game — the payoff matrix

Central bank — the monetary policy
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Source: Woroniecka-Leciejewicz [22], p. 191.

The subject of analysis is the fiscal-monetary game whose essence is shown in
Table 1 presenting the payoffs. The strategies of the fiscal authorities are those of its
budgetary policy — from extremely restrictive in the first row to extremely expansive
in the last one. The measure of the degree of restrictiveness/expansiveness of the fiscal
policy is understood here as the level of the budgetary deficit in relation to GDP.
Analogously, the strategies of the monetary authorities range from extremely restric-
tive in the first column to extremely expansive in the last column, the degree of re-
strictiveness/expansiveness being simply equivalent to the value of the real interest
rate. Payoffs are denoted in the following manner: yj;; — payoff of the fiscal authorities
(GDP growth rate) in the case where the government applies the fiscal strategy F;i and
the central bank applies the monetary strategy m;; pj; — cost to the monetary authorities
(inflation) for the same pair of policies. The symbol b; denotes the budgetary deficit in
relation to GDP, corresponding to the i-th fiscal strategy, while r; denotes the real in-
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terest rate, ascribed to the j-th monetary strategy. It is assumed that the fiscal and
monetary authorities take decisions independently, and the Nash equilibrium state in
such a game corresponds to the choice of a specific combination of budgetary and
monetary policies.

An analogous fiscal-monetary game but with only two qualitatively different strat-
egies: expansive and restrictive, was considered, in particular, in the studies of Blinder
[5] and Bennett and Loayza [2]. They suggest that independently acting monetary and
fiscal authorities would tend (according to the Nash equilibrium) to a restrictive mone-
tary and an expansive budgetary policy, which means a Pareto non-optimal solution,
similarly as in the prisoner’s dilemma. In the opinion of Blinder [5] and Bennett and
Loayza [2], only coordination of both policies can bring a better choice. Consideration
of the results obtained by Blinder [5] and Bennett and Loayza [2] may be found in the
papers by Woroniecka-Leciejewicz [25, 28] which present an analysis of the states of
equilibrium and Pareto-optimality of the solutions in monetary-fiscal games between
the fiscal and monetary authorities, both having either two or three qualitatively dif-
ferent strategies: expansive, neutral and restrictive. Two sets of assumptions about the
influence exerted by the instruments of monetary policy and of fiscal policy on eco-
nomic growth and inflation are considered. The results obtained indicate that, along
with the case of the prisoner’s dilemma, on which there is some discussion [5, 2], oth-
er situations may also occur, where the independent decisions of the central bank and
the government do not necessarily lead to the choice of a Pareto non-optimal solution.

An interesting approach is presented by Nordhaus [14] who examines the issues of
monetary-fiscal interactions and develops a game-theoretic model of the coordination
of domestic fiscal and monetary policy. This approach provides a rich set of possible
outcomes depending on the degree of coordination or independence, as well as the
objectives, of the two players, and on the dynamics. An analysis and comparison of
non-cooperative and cooperative equilibria of the game indicate that the Nash equilib-
rium is not Pareto optimal and the coordination of both policies enables achieving
a better solution for each player. The repeated version of this game, with the use of
particular behavioral rules, is analyzed. The fiscal authority optimizes with respect to
the monetary rule — this leads to a rule equilibrium. Of the two players, the monetary
policymaker has a more coherent approach, while fiscal policy tends to be dictated by
elections, partisanship, etc.

The analysis presented here is a continuation of the investigations by the same au-
thor [23-31], concerning the issues of selecting a policy-mix with the use of a game
between the government and the central bank. In earlier papers [24-29], the formulas
defining the nonlinear interdependences of the values corresponding to economic
growth and inflation with the policy-mix instruments were derived on the basis of
a Taylor series expansion, and this was the foundation for the analysis of the equilibri-
um and the Pareto optimality of the solutions. In view of the wish to complement the
theoretical considerations, contained in the papers mentioned, with a simulation analy-
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sis, analyzing various variants, in particular — in the context of the effectiveness of
fiscal and monetary policies according to their influence on the state of economy, in
the last publication [23] a modified logistic function was applied in the fiscal-mone-
tary game, and the results from the initial calculations were presented.

Application of this modified logistic function makes it possible to account for
specific features of the influence exerted by the instruments of fiscal and monetary
policies on the state of the economy (including the influence on GDP and inflation).
The results indicate that an instrument is effective only within a particular range of
values of that instrument, its effectiveness falling distinctly outside of this interval.
This means, in particular, that the possibilities of lowering inflation by applying an
increasingly restrictive monetary policy are limited, as are the possibilities of stimulat-
ing economic growth with an increasingly expansive fiscal policy.

This study, based on the use of the logistic function, was continued in the direc-
tion of considering — on the one hand — the influence exerted by the parameters
characterizing the effectiveness of the policy-mix instruments, and — on the other
hand — the impact of the macroeconomic objectives, assumed by the fiscal and mon-
etary authorities, on the outcome of the game. This article describes the study con-
ducted.

2. Assumptions concerning the influence
of the policy-mix instruments on the state of economy

The game is analyzed under a set of assumptions concerning the influence exerted
by the instruments of the fiscal and monetary policies on the state of the economy, as
characterized by the GDP dynamics and inflation. Thus, it is assumed that:

¢ An increase in the interest rate, ceteris paribus, brings about a decrease in the

: 0 o : 0
rate of economic growth (a—y < Oj and limits inflation (a—p < OJ.
r r

¢ An increase in the budgetary deficit, ceteris paribus, contributes to an increase
o . 0
in inflation (_p > Oj.
ab
Since the impact of the budgetary deficit on real production growth in the econo-

my is unclear, two variants are considered:
A. An increase in the state budget deficit, ceteris paribus, causes an increase in the

GDP growth rate (% > 0).
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B. An increase in the state budget deficit, ceteris paribus, limits the growth of
GDP (ﬂ < OJ.
ob
This study concentrates on the analysis of the fiscal-monetary game under variant
A, which appears to reflect in a more realistic manner the influence of the fiscal policy

on the possibilities of economic growth over a short time horizon.
It is additionally assumed that

Ab =b-b,>0, Arj=r-r,<0

This assumption reflects the construction of the payoff table in that the fiscal and
monetary strategies are ordered from restrictive to expansive, with increasing expan-
siveness of the fiscal policy being accompanied by an increasing budgetary deficit,
and increasing expansiveness of the monetary policy by a decreasing interest rate.

For the purpose of reflecting the interdependence between economic growth and
inflation on the one hand, and the instruments of macroeconomic policy on the other,
a modified logistic function was used which accounts for the specific character of the
impact of fiscal and monetary policy instruments, lying, in particular, in the fact that
the effectiveness of these instruments is high within a certain interval of values, and
drops outside of this interval. Application of the logistic function is important within
this context, and an interpretation of the parameter values was presented in a recent
paper by the author [20].

The logistic function has the form

When £> 0, the function is monotonic varying from the initial f (X,) = 0 to the ultimate
value of f(x) = a (for y > 0), or vice versa — from the value f(Xo) = « to the ultimate
value of zero (for y < 0). Depending upon the values of the parameters « and y, this
logistic function is increasing when both parameters are of the same sign and is de-
creasing when the two parameters have opposite signs. By adding the constant ¢, i.e.

a
—f)=—2 4§
y=1x 1+ fe
this function can vary from an arbitrary initial value to an arbitrary ultimate value by
adopting the appropriate values of « and J. Simulations were performed for y > 0.

The influence of the fiscal instrument, the budgetary deficit relative to the GDP (b),
on the rate of economic growth (y), is described by the increasing logistic function
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a
—— =+,
1+ pe ™"
with £, >0, 71 > 0, a; > 0. This means that an increase in the budgetary deficit, ceteris

paribus, stimulates economic growth (% > Oj but the effectiveness of the budgetary

y="f()=

policy on economic growth is limited to a particular range of values of the instrument.
It is assumed that both the possibility of stimulating growth by applying an increasing-
ly expansive fiscal policy (increasing the deficit) and the possibility of exerting a neg-
ative influence on the production dynamics by an increasingly restrictive policy of
deficit reduction are limited. Under the most extreme restrictive fiscal policy, the rate
of growth of GDP is the lowest and equals J; (Ymin = 1), and any further increase in
the restrictiveness of the policy does not entail any change in the production dynamics.
Analogously, under the most extreme expansive policy, the highest rate of GDP
growth equals & + & (Ymax = O + a11), and any further increase in expansiveness is no
longer effective at all.

The influence of the interest rate (r) on economic growth (Y) is described by the
decreasing logistic function

a
= f r =72 +(;
y=tn 1+ Be = 2

with £, > 0, y» > 0, o < 0. As the interest rate increases, the growth rate decreases

%y

(8_ < Oj from its maximum value (Yu.x = 03) for the most extreme expansive mone-
r

tary policy, corresponding to the lowest value of the interest rate, down to the lowest
growth rate (Y, = & + ), when the interest rate attains its upper extreme. The effect
of the monetary policy on the GDP dynamics decreases as the policy becomes more
extreme — expansive or restrictive. Thus, for instance, the possibility of stimulating
economic growth by applying an increasingly expansive monetary policy is limited.

Analogously, the impact of the fiscal instrument on inflation (p) is described by
the increasing logistic function

with 55> 0, 73> 0, o > 0. It is, therefore, assumed that increasing the budgetary defi-
cit, corresponding to an expansive fiscal policy, ceteris paribus, increases the level of

inflation (% > Oj , while decreasing the deficit reduces inflation, but the effectiveness
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of the budgetary policy decreases as the policy becomes more extreme, either expan-
sive or restrictive. For the most extreme restrictive fiscal policy, inflation is extremely
low (Pmin = &) and any further increase in the restrictiveness of this policy does not
decrease inflation. Similarly, the limited effectiveness of the fiscal policy on inflation
can be observed for the most extreme expansive policy, when inflation is the highest
(Pmax = &5 + ) and any further increase in expansiveness does not cause any further
increase in the inflation rate.

The influence of the interest rate (r) on inflation ( p) is described by the decreasing
logistic function

a
=f(nN=—">=2—+6
P (") 1+ e ™ 4

with £, >0, 74> 0, oy <0. Along with an increase in the interest rate, ceteris paribus,
op

the inflation level is constrained (8_ < Oj, decreasing from its maximum ( Ppax = Oy),
r

under the most radically expansive monetary policy, to its minimum ( Pnin = O + @),
under the most radically restrictive policy. Again, the possibility of pressing down
inflation by applying an increasingly restrictive monetary policy (raising the interest
rate to extremely high values) is limited.

3. The Nash equilibrium and the priorities
of the fiscal and monetary policies. Results of simulations

As indicated above, the calculation of the payoffs in the fiscal-monetary game was
based on modified logistic functions. The payoff of the fiscal authorities (GDP growth
rate, y) and the cost to the monetary authorities (inflation, p) depend upon the policy-mix
instruments: the budgetary deficit in relation to the GDP (b;) and the real interest rate (rj):

=fh,r)=— B 5 1

le ( [ J) 1+ﬂle*)(|bi 1+ﬂze—7(z"j 1 ( )
(24 (24

P = f (b, rj): : ! 0, (2)

n n
1+ B, 14 e *h

The results of calculations for selected values of parameters (variant 1) are shown
in Table 2. For each combination of the fiscal and monetary policies, the rate of GDP
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growth (lower left corner of each cell) and the level of inflation (upper right corner)
are given. The lowest inflation level, accompanied though by the lowest economic
growth, occurs for the combination of the most extreme restrictive monetary and fiscal
policies (the upper left-hand corner of the payoff table). Along with an increase in the
expansiveness of the monetary policy, ceteris paribus, and decrease in the interest rate
(passage to the right), both inflation and growth in GDP increase. The highest inflation
and GDP growth occur under the most extreme expansive monetary and budgetary
policies (lower right hand corner of the table).

The fiscal and the monetary authorities are driven by their own objectives when
choosing their strategies. Two cases are considered in the study: the first one, in which
it is assumed that the fiscal authorities aim to maximize the rate of GDP growth, and
the monetary authorities aim to minimize inflation, and the second one, in which it is
assumed that the monetary and fiscal authorities define concrete goals, meaning
a desired inflation level and some planned GDP dynamics.

In the first of these cases, for each monetary strategy j, the fiscal authorities select
the optimal fiscal response i ( j), which maximizes the rate of GDP growth: max Yii-

Analogously, the monetary authorities choose for each fiscal strategy i the optimal
monetary strategy j (i), which corresponds to the minimum inflation level. In such
a situation, the fiscal authorities possess a dominant strategy, that is — a strategy,
which is the optimal response from the point of view of the government irrespective of
the decisions taken by the central bank with respect to the interest rate. The dominant
strategy of the fiscal authorities is the most expansive budgetary policy. Analogously,
the most radically restrictive monetary policy constitutes a dominant strategy for the
monetary authorities, that is — one which is optimal no matter which fiscal strategy is
chosen by the government. The equilibrium of the game is thus determined by the
dominant strategies, motivating the combination of the most extreme restrictive mone-
tary policy and the most extreme expansive fiscal policy (as shown in Fig. 1).

In the second case considered, it is assumed that the fiscal and monetary authori-
ties aim to jointly minimize the divergence of GDP growth and inflation from the de-
sired values, y~ and p°, respectively. We assume, as before, that for each monetary
strategy j, the fiscal authorities choose the optimal fiscal response i'( j), so as to mini-
mise the square divergence of the GDP growth rate from the desired value: i.e.

miin(yij - y*)z. Analogously, for a given fiscal strategy i the monetary authorities
select the optimal monetary response j (i), which minimises the square divergence
between actual inflation and the desired inflation rate, i.e. mjin( P — p*)z. Thus, the
optimal budgetary responses characterise the reaction of the fiscal authorities to the

potential moves of the central bank, and, vice versa, the optimal monetary responses
describe the reactions of the monetary authorities to various fiscal strategies.
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instrument of monetary policy — real interest rate (in %)
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Fig. 1. Dominating fiscal and monetary strategies
— the case of maximisation of the real GDP growth and minimisation of inflation rate

For the case when the fiscal and monetary authorities aim to minimise the squared
divergences of real economic growth and the inflation level from the desired values,
calculations were performed under various assumptions. The location of the equilibri-
um point is no longer obvious and depends, in particular, upon the effectiveness of the
fiscal and monetary policies adopted, as reflected by the values of the parameters of
the modified logistic function, and upon the priorities of the government and the cen-
tral bank. In the further course of the paper, the results of the analyses appropriate to
these two factors are presented.

Table 2 shows the optimal fiscal responses, chosen by the government for each
possible monetary strategy, based on minimizing the squared divergence of GDP
growth from the desired value (the planned rate of growth is 3.5%). Likewise, the
optimal monetary responses are shown, constituting the optimal reaction to potential
fiscal strategies (based on minimizing the squared divergence between actual inflation
and planned inflation, assumed to be 2.5%). It should be noted that the degree of re-
strictiveness of the monetary policy depends upon the choice of the fiscal policy by
the government. The more expansive the fiscal policy, the more restrictive the mone-
tary policy applied in response by the central bank, so as to avoid excessive inflation.
For higher values of the budgetary deficit, the desired value of inflation is attained
using appropriately higher interest rates. Analogously, when the government conducts
a more restrictive budgetary policy, the central bank, aiming to attain the planned in-
flation rate, may settle on a less restrictive (more expansive) monetary policy, with
appropriately lower interest rates. Likewise, the degree of restrictiveness or expan-
siveness of the fiscal policy depends upon the monetary policy applied by the central
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bank. The more restrictive the monetary policy — the more expansive, in response, the
budgetary policy, since attainment of the desired rate of economic growth under high-
er interest rates requires a more expansive fiscal policy, characterised by a higher
budget deficit. Conversely, in response to a more expansive monetary policy, the gov-
ernment conducts an appropriately more restrictive fiscal policy.

Table 2. The payoff matrix. Optimal fiscal and monetary responses. The Nash equilibrium

3.0 2.4 2.0 1.8 1.0 0.0

10 -1.13 —0.74 —0.34 —0.09 1.30 3.84
—0.15 0.03 0.21 0.32 0.96 2.11

0.0 0.02 0.41 0.81 1.06 2.46 5.00
1.24 1.42 1.60 1.71 2.34 3.50

10 1.18 1.57 1.97 2.22 3.61 6.16
) 2.62 2.80 2.98 3.10 3.73 4.89

14 1.53 1.93 2.32 2.57 3.97 6.51
3.05 3.23 3.41 3.52 4.16 5.31

16 1.68 2.07 247 2.72 4.12 6.66
) 3.23 3.41 3.59 3.70 4.34 5.49

18 1.81 2.21 2.60 2.85 4.25 6.79
) 3.39 3.56 3.74 3.86 4.49 5.65

20 1.93 2.32 2.72 2.96 436 6.90
3.52 3.70 3.88 3.99 4.63 5.78

24 2.11 2.50 2.90 3.14 4.54 7.08
3.74 3.92 4.10 4.21 4.85 6.00

30 2.28 2.68 3.07 3.32 4.72 7.26
3.95 4.13 431 4.42 5.06 6.22

6.0 2.51 2.90 3.30 3.55 4.95 7.49
4.22 4.40 4.58 4.69 5.33 6.49

Parameters (variant 1): a1 =6, =1, 1 =1, . =-5, =1, pb=1,0=3, s =5, =1,
rn=1a=-11, =1, yy=1, 6 = 8. Desired GDP growth — 3.5%, planned inflation — 2.5%.
Optimal strategies: bold — fiscal, underlined — monetary, the Nash equilibrium — between the
highlighted solutions. Rows correspond to the fiscal policy, columns to the monetary policy.

Figure 2 presents, in analogy to Table 2, the optimal fiscal and monetary respons-
es, and the Nash equilibrium state for the same economic goals: GDP growth of 3.5%
and inflation of 2.5%, where very small, close to zero, changes in the fiscal policy
instrument (Ab;) and the monetary policy instrument (Ar;) are allowed. For illustration,
a broader scope of change in the values of instruments is shown here compared to
following figures. Owing to this, the specificity of the action of these instruments on
the state of economy, including GDP growth and inflation, is better seen. Inside a cer-
tain interval of values of the fiscal and monetary policy instruments, which can be
called effective values, the effect of the instruments on the economy is tangible, while
outside of this interval, that is — for extreme values of the instruments, corresponding
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to radically restrictive or expansive policies — the effectiveness distinctly drops off. It can
be observed that within the effective range of values of the policy-mix instruments the
choice of the optimum fiscal policy depends upon the decision of the monetary authorities
— the more restrictive the monetary policy — the more expansive, in response, the fiscal
policy, and vice versa. Yet, beyond this range of values, when we tend, for instance, to-
wards a radically restrictive monetary policy, the optimal fiscal response does not change
any more under the impact of further radicalization of the monetary policy by the central
bank. Similarly, if we move towards an extremely expansive monetary policy, the optimal
fiscal response no longer reacts to the further relaxation of the monetary policy. Summing
up, in the regions of extremely restrictive or extremely expansive interest rate strategies,
the optimal fiscal response turns into a dominant strategy.

instrument of monetary policy — real interest rate (in %)
restrictive policy «— — expansive policy

6 5 4 3 2 1

0 optimum fiscal

strate giei‘

— restrictive policy

—

Nash equilibrium

4_
\ optimum monetary

strategies

instrument of fiscal policy — deficit vs. GDP (in %)
expansive policy «—

Fig. 2. Optimum fiscal and monetary strategies; desired GDP growth — 3.5%, inflationary goal — 2.5%.
Results of simulations for variant 1, broader scope of changes in instrument values

Analogously, for a certain (effective) interval of values of the fiscal policy instru-
ments, the choice of the optimal monetary response depends upon the budgetary poli-
cy selected by the fiscal authorities — the more expansive the fiscal policy, the more
restrictive the monetary policy applied, in response, by the central bank (and vice ver-
sa). Outside of this interval, further radicalization of the budgetary policy turns the
optimum monetary response into a dominant strategy.

For the assumed parameter values and the priorities of the fiscal and monetary au-
thorities, the Nash equilibrium state corresponds to a combination of relatively neutral
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fiscal and monetary policies, which are characterised by a budget deficit of approxi-
mately 1.42% of GDP and a real interest rate of roughly 1.87%.

instrument of monetary policy — real interest rate (in %)

restrictive policy «— — expansive policy
—_ 1 1 1 1 |
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Fig. 3. Isoquants — a layered diagram with admissible deviations from the assumed goals
for GDP growth (3.5%) and for inflation (2.5%). Results of simulations for variant 1

Figure 3 shows the isoquants of GDP growth and the isoquants of inflation,
demonstrating what alternative policy-mixes (combinations of fiscal and monetary
policies) enable the attainment of the assumed GDP growth and inflation (with a vari-
able range of admissible changes with respect to the desired values). It can be noticed
that solutions corresponding to a narrow range of admissible deviations from the de-
sired values for, simultaneously, economic growth and inflation, are also contained in
a small neighbourhood of the Nash equilibrium. If we admit a broader range of devia-
tions from the assumed macroeconomic objectives, the region of “sufficiently good”
solutions (that is — ones “sufficiently” close to the desired values of both planned GDP
growth and inflation) broadens, as well. One can see a distinct asymmetry in the shape
of the region of admissible solutions — this area extends in a more pronounced manner
towards combinations of more expansive fiscal policies and more restrictive monetary
policies, in comparison to the Nash equilibrium state.

The following simulations show the influence of changes in the priorities of the
fiscal and monetary policies on the location of the Nash equilibrium, and hence also
on the choice of the corresponding policy-mix. The respective results are shown in Figs. 4
and 5. A change in priorities in the framework of fiscal policy, reflected through a change
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in the desired rate of GDP growth, brings about a shift in the optimal budgetary response,
either in the direction of a more expansive fiscal policy, when more ambitious goals con-
cerning economic growth are adopted, or in the direction of a more restrictive budgetary
policy in the opposite case. Likewise, a change in the priorities of the monetary authorities,
which is reflected in a shift of the desired level of inflation, entails a shift in the optimal
monetary response — in the direction of a more expansive monetary policy in the case of
a less demanding position from the central bank, i.e. accepting higher inflation, or in the
direction of a more restrictive monetary policy, when the desired inflation level is lowered.
Under the impact of changes in the priorities of the fiscal and monetary authorities, the
location of the Nash equilibrium moves accordingly (Fig. 4).

instrument of monetary policy — real interest rate (in %)

restrictive policy «— — expansive policy
| | | | |

4 3 2 1 _ 0

desired GDP
growth: 2.0%

— restrictive policy

-1 desired GDP - : 1-
growth: 3.0%

instrument of fiscal policy — deficit vs. GDP (in %)

! desired GDP

.5* -2 growth: 3.5% 2-
©

Q-‘ .

o desired GDP .

2 growth: 3.8%" inflation goal: 2.5%

< -3 9-
= inflation

e goal: 2.0% <— inflation goal: 3.0%

4 3 2 1 I

Fig. 4. Optimum fiscal and monetary strategies vs. priorities of the government and the central bank
along with the corresponding Nash equilibrium states. Results of simulations for variant 1

Figure 5 illustrates a different case, namely when the excessively high expecta-
tions of the fiscal and/or monetary authorities make it impossible to attain the equilib-
rium state within the effective interval of values of the instruments of macroeconomic
policy and thereby hamper rational choice in the domain of policy-mixes. The exces-
sive expectations of the fiscal and monetary authorities result in choosing a combina-
tion of an extremely restrictive monetary policy and an extremely expansive budgetary
policy. Calculations for variant 1 show that a very low planned inflation rate set by the
monetary authorities (e.g. inflation at the level of 1.5% or 2%), coupled with very high
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GDP growth planned by the fiscal authorities (e.g. 4.5% or 5%) results in just this kind
of situation. The possibility of the occurrence of such cases implies a need for some
degree of coordination of the monetary and fiscal policies.

instrument of monetary policy — real interest rate (in %)

restrictive policy «— — expansive policy

I | I I I
4 3 2 0
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% growth: 4.5% ; growth: 5.0%

instrument of fiscal policy — deficit vs. GDP (in %)

2 1 0

Fig. 5. Optimum fiscal and monetary strategies for the excessively ambitious
(unrealistic) macroeconomic goals. Results of simulations for variant 1

4. The influence of the parameters of the logistic function
on the optimal responses and equilibria

This simulation study concerned the analysis of the influence exerted by the pa-
rameters of the modified logistic function, associated with the effectiveness and the
scope of action of the policy-mix instruments.

In the context of the assumption stipulating the limited capacity of the fiscal and
monetary policies to exert influence on the economy, the parameter ¢; characterises
the maximum range of changes in the macroeconomic variables reflecting the state of
the economy (the economic growth rate and inflation) which take place under the im-
pact from the instruments (the gradual passage in the modified logistic function from
the initial value for the most radically restrictive/expansive policy to the ultimate value
accompanying the most radically expansive/restrictive policy (see Section 2 and
[20]). An increase in the absolute value of the parameter ¢; widens the interval of possible
changes in production and inflation, with the parameter ¢ reflecting the influence of the
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budgetary deficit on the GDP growth rate, o, reflecting the influence of the interest rate on
the GDP growth rate, o reflecting the influence of the budgetary deficit on inflation, and
oy reflecting the influence exerted by the interest rate on inflation. Analogously, a decrease
in the absolute value of the parameter ¢; brings about a narrowing of the interval of possi-
ble values of GDP growth and inflation resulting from the economic policy.

Table 3. Payoff matrix for larger absolute values of the « parameters.
Optimal fiscal and monetary responses. The Nash equilibrium

3.0 24 2.0 1.8 1.0 0.0

10 —2.50 —2.04 -1.57 -1.27 0.38 3.38
-1.04 —0.81 —0.57 —0.43 0.40 1.90

0.0 —0.88 —0.42 0.05 0.34 2.00 5.00
0.81 1.04 1.27 1.42 2.25 3.75

10 0.73 1.20 1.67 1.96 3.61 6.62
2.66 2.89 3.12 3.27 1.96 5.60

14 1.23 1.70 2.16 246 4.11 7.12
) 3.23 3.46 3.69 3.84 4.67 6.17

16 1.44 1.91 237 2.67 432 7.32
3.46 3.70 3.93 4.08 4.90 6.41

18 1.62 2.09 2.56 2.85 4.50 7.51
3.67 3.91 4.14 4.29 5.11 6.62

20 1.78 2.25 2.72 3.01 4.66 7.67
3.85 4.09 4.32 4.47 5.29 6.80

24 2.03 2.50 2.97 3.26 4.91 7.92
4.14 438 4.61 4.76 5.58 7.08

3.0 2.28 2.75 3.22 3.51 5.16 8.17
443 4.66 4.90 5.04 5.87 7.37

6.0 2.60 3.06 3.53 3.83 5.48 8.17
4.79 5.02 5.26 5.40 6.23 7.37

Parameters: o) =8, o, = 6.5, a3 = 7, a4 = —13, remaining parameters as in variant 1. De-
sired GDP growth — 3.5%, planned inflation — 2.5%. Optimal responses: bold — fiscal, under-
lined — monetary, the Nash equilibrium — highlighted cell.

Tables 3 and 4 show the results of simulations performed for various values of the
parameter ¢;. It can be observed that an increase in the absolute values of the parame-
ters o and o, reflecting the influence of the policy-mix instruments on the GDP
growth rate, brings about an increase in the range of GDP dynamics for the analysed
interval of instrument values. For the values of the parameters ¢, and o, adopted in
variant 1 (see Table 2), the rate of growth of GDP ranges from —0.15% for a budgetary
surplus of 1% of GDP and real interest rate equal to 3%), increases gradually with the
increasing expansiveness of the fiscal and monetary policies up to 6.49% for the combina-
tion of two extremely expansive policies (a budgetary deficit equal to 6% of GDP and real
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interest rate equal to zero). Thus the range of possible GDP growth is 6.63%. For the very
same range of changes in the values of instruments but higher values of the parameters o
and o, similarly, the rate of growth of GDP increases from —1.04% to 7.73%, that is — the
range is 8.77 percentage points (Table 3). Analogously, lowering the absolute values of ¢
and o, narrows the range of possible GDP growth (Table 4). For lower absolute values of
the parameters ¢; and o, the increase in expansiveness of the fiscal and monetary policies
(within the limits shown in the table) brings about a smaller change in comparison with
variant 1 — the GDP growth rate increases from 0.40% for the combination of the two
most restrictive policies to 5.49% for the combination of the two most expansive policies —
that is by 5.09 percentage points (see Table 4).

Table 4. Payoff matrix for smaller absolute values of the o parameters.
Optimal fiscal and monetary responses. The Nash equilibrium

3.0 24 2.0 1.8 1.0 0.0

10 —0.11 0.23 0.57 0.79 2.00 4.19
0.40 0.54 0.69 0.78 1.29 2.21
0.0 0.70 1.04 1.38 1.60 2.80 5.00
1.44 1.58 1.73 1.82 2.33 3.25
10 1.51 1.85 2.19 241 3.61 5.81
2.48 2.62 2.77 2.86 3.37 4.29
1.76 2.10 2.44 2.66 3.86 6.06
2.80 2.94 3.09 3.18 3.69 4.61
1.86 2.20 2.54 2.76 3.97 6.16
2.93 3.08 3.22 3.31 3.82 4.74
1.95 2.29 2.64 2.85 4.06 6.25
3.05 3.19 3.34 343 3.94 4.86
20 2.03 2.37 2.72 2.93 4.14 6.33
3.15 3.30 3.44 3.53 4.04 4.96
24 2.16 2.50 2.84 3.06 4.26 6.46
3.32 3.46 3.60 3.69 4.20 5.13
2.28 2.62 2.97 3.18 4.39 6.58
3.48 3.62 3.76 3.85 436 5.29
2.44 2.78 3.12 3.34 4.55 6.74

3.68 3.82 3.97 4.06 4.56 5.49

(=]

1.4

3.0

6.0

Parameters: o =4.5, o; =4, a3 = 3.5, oy =-9.5, remaining parameters as in vari-
ant 1. Desired GDP growth — 3.5%, planned inflation — 2.5%. Optimal responses: bold
— fiscal, underlined — monetary, the Nash equilibrium — highlighted cell.

A similar effect can be observed for the influence exerted by the instruments of
the policy-mix on inflation. Increasing the absolute values of the parameters o; and a4
broadens the range of possible inflation rates for the adopted range of values of the
instruments. In variant 1 (Table 2), the lowest level of inflation, —1.13%, (i.e. defla-
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tion), corresponding to the combination of the two most restrictive policies, increases
under the influence of growing policy expansiveness, both fiscal and monetary, to
a maximum of 7.49% (range of 8.62 percentage points). For the same interval of in-
strument values, but for larger absolute values of the parameters, when the policies
become increasingly expansive, inflation increases from —2.50% (deflation) to 8.48%,
that is — by 10.98 percentage points. Along with a decrease in the absolute values of
the parameters o3 and a4, the range of the inflation rate narrows (Table 4).

A change in the values of the parameters ¢; and o, also brings about a change in
the optimal budgetary responses, the reaction of the fiscal authorities to the decisions
of the central bank, and, in analogy, a change in the values of the parameters oz and a4
causes a shift in the optimum monetary response. Consequently, the location of the
Nash equilibrium state correspondingly changes.

The parameter y reflects the speed of transition of the output variable in reaction
to an increase in the value of the explanatory (input) variable. The larger the absolute
value of y, the faster the transition is. Calculations were performed for parameter val-
ues y > 0. In reference to the function describing the state of the economy, characteriz-
ing the dependence of GDP growth and inflation upon the instruments of macroeco-
nomic policy, it should be noted that a faster transition might be interpreted as
a narrower interval of the values of the policy-mix instruments within which these
instruments effectively influence the economy. In the analysis reported here the pa-
rameters y;—y, reflect, respectively:

¢ y; — influence of the budgetary deficit on the GDP growth rate,

e v, —influence of the interest rate on the GDP growth rate,

¢ 73 — influence of the budgetary deficit on inflation,

¢ 7, — influence of the interest rate on inflation.

The results of simulations for various values of the parameter y; are presented in
Figs. 6-12. The diagram of Fig. 6 indicates that a change in the value of the parame-
ters y; and y», corresponding to the influence of the policy-mix instruments on the
GDP growth rate, brings about a change in the optimal fiscal responses to strongly
restrictive monetary strategies. The higher the values of the parameters y; and y», the
narrower the interval of the effective influence exerted by the macroeconomic instru-
ments on economic growth are. The values of these parameters also influence the de-
gree of restrictiveness/expansiveness of the fiscal policy which becomes dominant for
extremely restrictive monetary policies. Analogously, Figure 6 shows how the optimal
monetary responses change under the influence of changes in the values of the param-
eters y; and yy, reflecting the influence of the policy-mix instruments on inflation.
Here, as well, the larger the values of the parameters, the narrower the interval of ef-
fective action of the instruments on the level of inflation are. The values of the pa-
rameters y; and y, also influence the degree of restrictiveness/expansiveness of the mone-
tary policy which becomes dominant for extremely expansive/restrictive fiscal policies.
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instrument of monetary policy — real interest rate (in %)
restrictive policy « — expansive policy

1
4

— restrictive policy

instrument of fiscal policy — deficit vs. GDP (in %)
expansive policy «—

Fig. 6. Optimum fiscal and monetary strategies (desired GDP growth — 3.5%, inflationary goal
2.5%). Equilibrium states for different y,—y4; remaining parameters as in variant 1
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Fig. 7. Isoquants — layered diagram with admissible deviations
from the assumed goal values: GDP growth — 3.5%, inflation — 2.5%.
Results of simulations for: (y;—y4) = 2.0; remaining parameters as in variant 1
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Consequently, the location of the Nash equilibrium also depends upon the values
of the parameters y;. For low values (e.g. for the parameter values (y1—y4) = 0.5), the
Nash equilibrium state corresponds to a combination of an expansive fiscal policy
and a restrictive monetary policy (budget deficit of roughly 2.84% of GDP, and real
interest rate of around 3.7%) compared to variant 1. For high values (e.g. for the
parameter values (y;—y4) = 2.0) the Nash equilibrium state corresponds to a combi-
nation of a rather restrictive fiscal policy and a rather expansive monetary policy
(budget deficit of approximately 0.71% of GDP and real interest rate of around
0.72%).

The following figures present the results of simulations for larger (Figs. 7-9) and
smaller (Figs. 10-12) values of the parameters y;. These figures present both the ap-
propriate isoquants and diagrams illustrating the influence of the priorities of the fiscal
and monetary authorities on the Nash equilibrium state and hence also on the choice of
the corresponding policy-mix.

The influence of changes in the priorities of the fiscal and monetary authorities on
the Nash equilibrium state and, consequently, on the choice of the policy-mix, is
shown in Figs. 8, 9, and then 11 and 12.

instrument of monetary policy — real interest rate (in %)

restrictive policy «— — expansive policy
|
= 4
X
£5
a0
i desired GDP
(4 'g growth 3.0%
=2
71
oy desired GDP / Nash equilibrium
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< O
23
3 Q \ \
g -% -3 inflationary goal mﬂ?t;osnojry 3-
£E2 2.0% goal 2.5%
B o
@
-8 4 3 2 1 i
| I I I I

Fig. 8. Optimum fiscal and monetary strategies vs. priorities of the government
and the central bank, and the corresponding Nash equilibria.
Results of simulation for variant 4aa: (y;—y4) = 2.0; remaining parameters as in variant 1
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Fig. 9. Optimum fiscal and monetary strategies for the excessively ambitious
(unrealistic) macroeconomic goals. Results of simulation for variant 4aa: (y,—y;) = 2.0;
remaining parameters as in variant 1

instrument of monetary policy — real interest rate (in %)
restrictive policy «— — expansive policy

| 1 1
4 3

inflation
isoquant
—layers

— restrictive policy

growth
isoquant
— layers

Nash
equilibrium

instrument of fiscal policy — deficit vs. GDP (in %)
expansive policy «—

2 1 0

Fig. 10. Isoquants — layered diagram with admissible deviations from the assumed goal values:
GDP growth = 3.5%, inflation = 2.5%. Results of simulation for variant 4bb:
(r1—x4) = 0.5; remaining parameters as in variant 1
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and the central bank, and the corresponding Nash equilibria. Results of simulation for variant 4bb:

11. Optimum fiscal and monetary strategies vs. priorities of the government

(r1—x4) = 0.5; remaining parameters as in variant 1
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Fig. 12. Optimum fiscal and monetary strategies for the excessively ambitious macroeconomic goals.
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instrument of monetary policy — real interest rate (in %)
restrictive policy « — expansive policy
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— restrictive policy

instrument of fiscal policy —deficit vs. GDP (in %)
expansive policy <«

Fig. 13. Optimum fiscal and monetary strategies (the desired GDP growth — 3.5%,
the inflationary goal — 2.5%. Equilibrium states for various values of parameters f3,—/f;
remaining parameters as in variant 1

The direction of the impact of the economic objectives on the degree of restric-
tiveness/expansiveness in the optimum budgetary and monetary responses is analo-
gous to the initial case with the values of the parameters y;, taken to be equal to 1.0.
More ambitious goals related to the GDP growth result in the fiscal policy becoming
more expansive, while acceptance of a lower growth rate leads to a more restrictive
budgetary policy (Figs. 8 and 11). Likewise, a change in the planned inflation rate
influences the character of the monetary policy — increasing the planned inflation rate
leads to a more expansive monetary policy, while lowering the planned inflation rate
increases the restrictiveness of the policy. Changes in the priorities of the fiscal and
monetary authorities also shift the location of the Nash equilibrium. In addition, one
can observe that the higher the values of the parameters j;, the narrower the area with-
in which the equilibrium states are contained for macroeconomic goals that can
change within a given interval are. In other words, for large values of the parameters
7i, the same change in the priorities of the government and the central bank results in
smaller changes in the equilibrium values of the fiscal and monetary policy instru-
ments.

As in earlier simulations (variant 1), the calculations performed for other values of
the parameters y; indicate the possibility of situations in which the overly ambitious
goals of the fiscal and monetary authorities make it impossible to attain an equilibrium
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inside the effective interval of the policy-mix instruments (Figs. 9 and 12). Both deci-
sion makers use dominant (or near dominant) strategies, i.e. the equilibrium is a com-
bination of an extremely restrictive monetary policy with an extremely expansive fis-
cal policy.

Subsequent simulations concerned the influence of the parameter £ on the optimal
strategies and the Nash equilibrium state. It can be observed that as the value of this
parameter increases, the inflexion point of the modified logistic function is shifted
towards higher values of the instrument, this being equivalent to increasing the values
of the instrument for which its effectiveness (strength of influence on the economy) is
the greatest. The parameters B—pf, reflect, respectively: S — the influence of the budg-
etary deficit on the GDP growth rate; /5 — the influence of the interest rate on the GDP
growth rate; f; — the influence of the budgetary deficit on inflation; and £, — the influ-
ence of the interest rate on inflation.

The results of simulations for various values of the parameters £ are shown in
Fig. 13. It can be observed that a change in the values of the parameters S, and f,
reflecting the influence of the policy-mix instruments on the rate of growth of GDP,
brings about a change in the optimal fiscal responses. In particular, there is a shift of
the interval of values of the fiscal strategy, which are truly effective with regard to
economic growth, towards larger fiscal expansion. The diagram also shows that the
larger the values of £, and /3, the more expansive the equilibrium budgetary policy is,
partially as a response to the equilibrium monetary policy becoming more restrictive.
The values of these parameters exert an influence, as well, on the degree of restric-
tiveness/expansiveness of the fiscal policy in the region, which becomes dominant or
near-dominant for extremely restrictive monetary policies. The figure also shows how
the optimum monetary responses change under the influence of changes in the values
of the parameters £ and f, reflecting the influence of the macroeconomic policy in-
struments on the level of inflation. Larger values of these parameters bring about
a shift in the interval of effective action of the instruments upon inflation towards
larger values of the monetary policy instrument, that is — towards higher interest rates.
The values of the parameters f; and f; also influence the degree of restrictive-
ness/expansiveness of the monetary policy in the region, which becomes dominant or
near dominant for extremely expansive/restrictive fiscal policies. The location of the
Nash equilibrium point changes in accordance with the changes in the optimum fiscal
and monetary responses.

5. Summary of the study

The present paper provides results of simulations for the fiscal-monetary game, in
which the players’ payoffs were determined using a modified logistic function, which
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implies the assumption of a limited range of effectiveness of the instruments of fiscal
and monetary policy in their action upon the economic situation, including GDP
growth and inflation. This is equivalent to the assumption of a limited capacity of both
stimulating growth through an increasingly expansive fiscal policy and lowering infla-
tion by sharpening an already restrictive monetary policy. The assumption made in the
study was that the monetary authorities aim at a desired level of inflation, while the
fiscal authorities — at the attainment of a desired (planned) economic growth.

The results of the simulations indicate that the optimum fiscal and monetary re-
sponses depend upon both the parameters of the logistic function, reflecting the effec-
tiveness and the scope of tangible action of the policy-mix instruments and upon the
priorities adopted by the government and the central bank in the shaping of macroeco-
nomic policies.

The action of these instruments on the economy is effective within a certain inter-
val of values of the fiscal and monetary policy instruments. While the effectiveness of
the instruments decreases very distinctly at extremely low/high values of the instru-
ments, corresponding to radically restrictive or expansive policies. Within the interval
of effective instrument values, the choice of the optimal fiscal response depends upon
the decision of the central bank — the more restrictive the monetary policy, the more
expansive, in response, the fiscal policy, and vice versa. Outside of this interval of
effective action, as we move towards radically restrictive monetary policies — the op-
timal fiscal response stops changing as the monetary policy by the central bank be-
comes more restrictive. Similarly, as we move towards extremely expansive monetary
policies — the optimal fiscal response stops reacting to further relaxation of the mone-
tary policy. Thus, one can observe a tendency for a fiscal strategy to become dominant
as the monetary policy becomes extremely restrictive/expansive. The optimal mone-
tary response depends analogously upon the policy that is conducted by the fiscal au-
thorities. The central bank reacts to an increase in the expansiveness of the budgetary
policy by sharpening monetary policy, in order to avoid inflation exceeding the
planned rate. For extreme budgetary policies it is, again, characteristic, that there ex-
ists a dominant or near-dominant monetary policy.

The results indicate that under the influence of changes in the priorities of the cen-
tral bank and the government, the optimal fiscal and monetary responses change and,
consequently, the Nash equilibrium shifts, this equilibrium being interpreted as the
choice of the policy-mix. When the growth rate planned by the fiscal authorities in-
creases, the optimal budgetary response becomes more expansive. Likewise, a change
in the priorities of the monetary authorities, e.g. permitting a higher level of inflation,
causes a shift in the optimum monetary strategies, here in the direction of a more ex-
pansive policy. The simulations conducted also indicate the possibility of a lack of
coordination — where the goals of the fiscal and monetary authorities are unrealistical-
ly defined and hamper the attainment of the equilibrium state and thus also do not
enable rational choice concerning the policy-mix.
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On the basis of the results obtained, the isoquants of GDP growth and inflation
were presented, showing what alternative policy-mixes (combinations of the fiscal and
monetary policies) enable the attainment of the assumed GDP dynamics and inflation
rate. This enables derivation of the equilibrium and near-equilibrium solutions (where
growth and inflation are within an admissible range of deviations from the desired
values).
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