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Extended Abstract

Introduction Monetary policy is one of the central instruments of macroeconomic management, through which
policymakers seek to influence key variables such as inflation, economic growth, employment, and financial stability.
Beyond controlling the general price level, the central bank is tasked with maintaining the dynamism of economic
activity and safeguarding the value of the national currency. Within its legal mandate, objectives such as price stability,
accelerated growth, full employment, and efficient resource allocation are defined. Yet, in most countries, inflation
stabilization emerges as the dominant goal of monetary policy. The fundamental question is how monetary policy can
be guided to achieve these objectives simultaneously. Addressing this requires the adoption of an appropriate policy
rule that reflects the structural characteristics of each economy—including inflationary trends, recessions,
unemployment, exchange rate volatility, central bank independence, fiscal dominance, capital market conditions, and
budget deficits—so that policy benefits outweigh its costs.

In the case of Iran, the economy has faced persistent structural challenges over recent decades. Chronic budget deficits,
dependence on imports, inefficient currency allocation, excessive monetary expansion, and declining production
capacity have contributed to sustained and unstable inflation. Many empirical studies, however, due to methodological
limitations, have treated these factors as temporary, thereby restricting the practical relevance of their findings for
policymakers. Given that monetary policy operates with time lags and nonlinear effects, a precise understanding of
inflation components, differentiation between temporary and permanent drivers, and forecasting of inflation dynamics
are essential for more effective central bank decision-making.

Moreover, economic and financial decision-making often relies on forward-looking variables subject to uncertainty.
This necessitates forecasting and the design of models capable of separating predictable and stochastic elements while
identifying the statistical properties of the random component. Simulation techniques, in turn, provide a powerful
means of reproducing stochastic behavior and assessing forecast risk, thereby playing a crucial role in optimizing
monetary policy and enhancing the accuracy of forward-looking decisions.

Method structural Macroeconomic Model and Optimal Monetary Policy

This study develops a simplified structural macroeconomic model for an open economy under backward-looking
expectations, following Rudebusch and Svensson (1999) and Freitas and Muinhos (2001). The model is composed of
three fundamental equations:

1. Phillips Curve
T+ 1 =0 T+ 02TT— 1 H0RT -2 F 0T 305 AQeT0leYi— 11 Ex+1

Here, m: denotes quarterly annualized inflation, gt the nominal exchange rate, and yt the output gap (defined as the
percentage deviation of actual GDP from potential GDP). The error term &+ represents supply shocks.

2. IS Curve
Yir1=P1Yr+PaYi-1+Baretey, 1

where ri=ir—m is the real interest rate, defined as the difference between the nominal policy rate i and inflation. The
error term gy,+1 captures demand shocks.

3. Exchange Rate Equation
(t+1=Qtt€q,t+1

This equation assumes that the nominal exchange rate follows a random walk, with eq+1interpreted as exchange rate
shocks.
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All shocks are assumed to be normally distributed, independent, and identically distributed (N.1.1.D) with zero mean
and constant variance.

Central Bank Optimization Problem

Following Rudebusch and Svensson (1999), the monetary authority seeks to minimize the expected discounted
intertemporal loss function:
B ) 6L
=0

with the per-period loss function defined as:
Ly = Ag(nf — ) + /1th2 + (i — i-1)?
where:

e s the inflation target (normalized to zero since all variables are expressed as deviations from their mean),

e AnAyAi are preference parameters reflecting the relative importance of inflation stabilization, output gap
closure, and interest rate smoothing, respectively,

e Jis the discount factor (0<6<1).

The preference parameters sum to unity:
Am+Ay+Ai=1
State-Space Representation
The system can be expressed in state-space form:
Xev1 = AXp + Bip + €144
where Xt is the vector of state variables, A the transition matrix, B the policy instrument matrix, and &t+1 the vector
of shocks.
The loss function can be rewritten in quadratic form:
L, = XTRX, + 2iTWX, + il Qi,
where R,Q,W are matrices derived from the preference weights and structural coefficients.
Optimal Policy Rule
Using Hamiltonian optimization, the first-order condition for the control variable yields:
it = _FXt
where FF is a feedback matrix that depends on the preference parameters, the discount factor, and the structural
coefficients of the model. This rule implies that the optimal nominal interest rate is a linear function of the state
variables, ensuring that inflation is stabilized around its target, the output gap is minimized, and interest rate volatility
is smoothed.
Role of Simulation
To evaluate the robustness of the optimal policy under uncertainty, Monte Carlo simulation is employed. This method
reproduces the stochastic behavior of the model, generates artificial data, and allows policymakers to assess forecast
risks. By repeatedly simulating the system, the distribution of possible outcomes can be analyzed, providing insights
into the reliability of forecasts and the effectiveness of policy rules.
Results : Empirical Calibration Strategy for Central Bank Preferences
This study applies an empirical calibration method to identify the preferences of Iran’s monetary policymakers. Using
a structural macroeconomic model estimated through Vector Autoregression (VAR) for the period 1978-2022, key
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parameters of the Phillips curve and IS curve are derived. The calibration process minimizes the squared deviation
between the optimal and actual money growth paths:

T
$D = [ie = ie (uady )]

where Am, Ay, and Am represent the weights on inflation stabilization, output gap stabilization, and money growth
smoothing in the central bank’s loss function.

Results show that when the weight on output is high and inflation is neglected, deviations are large, indicating poor
policy alignment. As the weight on inflation increases and the weight on output decreases, deviations steadily decline,
highlighting that in an inflationary environment the central bank must prioritize price stability. Moderate weights on
money growth smoothing complement this focus, since liquidity is the main transmission channel to inflation.

The calibrated loss function suggests that optimal monetary policy in Iran should be anti-inflationary, even at the cost
of short-term output losses, as this anchors expectations and enhances long-term stability. Comparison of optimal
versus actual money growth (1991-2022) reveals frequent divergence: excessive liquidity growth led to inflationary
pressures, while restrictive growth caused recessionary effects. Overall, Iranian monetary policy has oscillated between
extremes—too expansionary or too contractionary. The key policy message is that sustainable stability requires
balancing inflation control with adequate liquidity provision to support growth.

Monetary Policy, Money Growth, and Monte Carlo Simulation

One key measure of monetary policy success is the alignment between money supply growth and GDP growth.
Analysis of Iran’s economy (1991-2022) shows that when liquidity expands at its optimal rate, a balanced relationship
between money and output emerges. This enhances the effectiveness of monetary policy and helps reduce inflation.
Liquidity plays a decisive role: if actual growth exceeds the optimal level, excess money fuels inflation and erodes
purchasing power; if it falls short, investment and consumption decline, leading to recession. Thus, keeping money
growth close to its optimal path is essential for sustainable GDP growth and economic stability.

To forecast future dynamics (2023-2061), the study employs Monte Carlo simulation, which models uncertainty by
generating thousands of scenarios based on probability distributions for key variables such as inflation and GDP
growth. Results indicate a generally rising trend in money supply, with growth stabilizing around 26 percent. While
this level supports liquidity, it exceeds the productive capacity of the economy and implies persistent inflationary
pressures. Occasional dips (to ~25.4%) suggest possible periods of tighter monetary control, while late- period
increases (to ~26.5%) reflect scenarios of higher fiscal demand or money demand.

Overall, the projections warn that Iran may face sustained high liquidity growth, which risks chronic inflation and
financial instability. Policymakers must therefore implement structural reforms to align money growth with real
production capacity, ensuring that liquidity stimulates investment and output without fueling long- term inflation.

Conclusion:

This study investigates the optimal growth rate of liquidity and the preferences of monetary policymakers under a
backward- looking expectations framework. A loss function for the central bank was constructed, incorporating
aggregate supply and demand equations, and its parameters were estimated using a VAR model for the period 1978—
2022. The results indicate that policymakers place the greatest weight on liquidity control (Am=0.95), with much lower
emphasis on inflation stabilization (An=0.049) and output support (Ay=0.001). This highlights that managing liquidity
is the central priority for minimizing welfare costs.

The analysis of the monetary rule shows that Iran’s policies have often deviated from the optimal path. In many years,
excessive liquidity growth fueled inflation and reduced purchasing power, while insufficient growth led to recession,
lower investment, and declining output. These fluctuations reveal weak coordination between monetary policy and the
economy’s productive capacity, preventing the achievement of a stable balance between liquidity and output. The
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consequences are clear: too much liquidity raises inflationary expectations and undermines confidence in the national
currency, while too little restricts financing, raises interest rates, and reduces employment.
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