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Extended Abstract

1. Introduction

One of the central challenges in economic
policymaking is achieving sustainable
growth, controlling inflation, and
maintaining financial stability.
Governments and central banks play key
roles in this process through the use of
fiscal and monetary policies. While fiscal
policy implemented via public spending
and taxation primarily affects the demand
side of the economy, monetary policy
through instruments such as the monetary
base and interest rates seeks to regulate
liquidity, control inflation, and stabilize
prices. The effectiveness of these policies
largely depends on the degree of
coordination between them. However, in
many developing economies, including
Iran, differences in institutional objectives
and constraints often lead to policy
misalignments, with public debt emerging
as one of the most affected variables.

This study employs a non-cooperative
differential game framework to analyze
the strategic interaction between the
government and the central bank in the
Iranian economy. Unlike traditional
models that treat fiscal policy through a
single aggregate variable such as the
budget deficit, this approach distinguishes
between government expenditures and
tax revenues, allowing for a more nuanced
analysis of their separate and combined
effects on public debt dynamics. By
incorporating simulations based on Iran’s
economic data over the past two decades,
the research highlights how different fiscal
structures can influence debt
sustainability, monetary expansion, and

d=rd(t) + G(t) —T(t) —m(t).

overall macroeconomic stability. The
findings provide valuable insights for
policymakers seeking to design more
coherent strategies to manage debt,
control liquidity, and mitigate
macroeconomic instability.

2. Method

The study examines government debt in a
differential game framework, focusing on
convergence to the steady state. The
primary fiscal deficit is represented by
f(t), the monetary base by m(t),
government debt due to the interest rate
isrepresented as rd(t), and the increase in
government debt is denoted as d. The
model disentangles government spending
and tax revenues, providing a more
rigorous analysis than traditional models
that rely on a fiscal deficit measure. The
study also examines government debt in a
differential game framework, focusing on
strategies that eventually converge to a
steady state, maintaining government
debt at a constant and desirable level. Two
approaches are proposed to replace the
variables of the fiscal policy maker in the
equation of state: using two control
variables as independent and separate
variables in the equation of state, or using
two control variables as dependent
variables instead of the financial deficit in
the equation.

2.1. Fiscal Policy Control Variables
are Independent:

In this section, the fiscal policy
(government) control variables, including
government spending and tax revenue, are
independently included in the government
equation. The equation of state for public
debt is considered as follows:

d(0) = dy . (1)
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The limit Minimization and Euler-
Lagrange theorem, we obtain the

following differential equation system:

d(t) =rd(®) = 2u, () — D)+ G —T —m

) = (p—r)u ) — H(d(t) - CI)
f2(8) = (p = Mup(®) — 7(d(®) — d).

We use the following theorem to solve the
system  of  differential  equations
(Mahmoudinia et al., 2016).

@ = (do

(=p+7r)(G-T-m)-0d-2dt
+ A )

such that the values of B, and B, are
calculated as

fr=1>—1p+6+21.

eBZt f—

2)

Now, by applying the above theorem,
the balance level of public debt,
government spending, tax revenue, and
monetary base can be determined as
follows:

(-p+1r)(G-T-m)-6d—2dt
B1

(3)

=£_\/p2—4rp+4r2+8r+49

To obtain the equilibrium level of the
monetary base (m°€(t)), we first derive the

function pf(t) by utilizing the following
equations:

0(G-T—-1m) n 0d(r?-rp+2t)-20dr

6
e(t) = g~ ebet
s () a_e + 5

where the values of « and B; are obtained
as

1
21+ 6

a =

T (4)

(B — 1) <d0 +

(=p+1r)(G—-T-m)—6d— 21&)
B1 '

s =13 —=2r%p +1rp? +2rt+ 6r — 21p — pb

As a result, it can be written: mé(t) = m +
us ().

us(t) = aebzt +

In addition, the equilibrium levels of
government spending and tax revenue can
be derived using the following equation

©(G-T-1m) n dr(r? —rp+9)—91ir. 5)

B1

The equilibrium function for government
spending G¢(t)and tax revenue T¢(t)is
derived ( G¢(t) =G — us(t), Teé(t)=T+
15 (6).

B3
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2.2. Interdependent control
variables: government spending
and tax revenue in the model.

In this section, the control variables of the
financial policymaker (government), which
include government spending and tax
revenues, are included in the government
equation in a dependent manner.

According to the conditions and
explanations in paragraph 1, we consider a
case where there is a definite dependence
between the control variables of
government spending (G(t)) and tax
revenue (T(t)). The equation of state, the
financial policymaker's intertemporal loss
function, and the monetary policymaker's
intertemporal loss function are as follows.

d=rd(®) +(G(t) — T(t)) —m(®).d(0) = d (6)

In this model, as stated, (f(t) = G(t) —
T(t) ) indicates the government's financial

Based on this, we will have the following
differential equation

deficit. The financial policymaker (the
government).
d(t) =rd(t) — p () — iy (8) + G_— T—m
(®) = (p = M () — 6(d(®) — d).

. ; (7)
i2(8) = (p — M (©) — t(d(®) — d).
By solving this device, the first-order
differential equations of the following
equilibrium functions are obtained:
de(t) _ (do n (—p+r)((7—f—m)—9(i—‘r&) oVt _ (=p+1)(G-T-m)—-6d-1d
Y1 Y1
(8)
me(t) — ageﬁzt n 6(G-T-1m) n 6d(r?-rp+t)-6dr (9)
T Y1 V3
- ~fom)  dr(r?- —0d
[0, :G_T_(aelgzt_l_r(a T m)_l_dr(r rp+6) Bdr)- (10)

Y1 Y3
where the values of «, y; , ¥ and y; are
obtained as follows

vi=r’—-rp+t+80.
P Jp%—4rp + 412 + AT + 40
V2 = ) 2 .
1
T+6

a = —

Y1

Ys=13=2r2p+rp?>+r7+0r—10 — po

Shahbaie, B and A, Bahiraie (2025) . Non-cooperative Interactions Between Government and Central Bank in Public
Debt Management: A Differential Games Approach

Macroeconomics Research Letter, 20(46): 73-106.




v Macroeconomics Research Letter

3. Numerical simulation and

analysis of results

Our non-cooperative game simulations
show that when fiscal policy variables
interact independently with the central
bank, public debt stabilizes at 0.173, while
the fiscal deficit and monetary base reach
0.08 and 0.75, respectively. However,
considering interdependence between
these variables lowers the steady-state
values to 0.160, 0.067, and 0.062 for public
debt, fiscal deficit, and monetary base,
respectively. This suggests that a
coordinated fiscal policy, accounting for
the interactions between spending and tax
revenue, leads to more favorable
equilibrium outcomes.

Numerical simulation of the model
shows that coordinating fiscal and
monetary policies can effectively manage
public debt and deficit. By linking
government spending and tax revenue, the
government can increase economic
stability. The central bank can support
these efforts through tools such as
controlling the monetary base. This
coordinated approach will reduce reliance

, 2025, 20(46): 73-106.

on expansionary monetary policies and
help stabilize prices. Also, coordinated
policies improve government finances,
reduce economic risks, and increase
overall welfare.

These findings suggest that a non-
cooperative  approach, where the
government independently manages tax
revenues and optimizes expenditures, can
yield favorable results while reducing
economic risks.
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