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PAPER INFO ABSTRACT

This paper investigates the design and macroeconomic consequences of optimal monetary policy in the
context of a high-inflation, emerging market economy. Using Iran as a case study, we estimate a
structural macroeconomic model incorporating aggregate IS curve, a Phillips curve, and a money
growth equation functions. The Central Bank’s objective function is optimized using dynamic
programming techniques and calibrated to historical data from 1993 to 2023. We then evaluate the
long-run relationship between optimal monetary expansion and the balance of payments using the
ARDL bounds testing approach. Our findings suggest that optimal money supply paths, if adhered to,
contribute significantly to improvements in both the current and capital accounts through increased
investment, production, and financial market performance. However, deviations from the optimal path
particularly excessive money growth generate inflationary pressures without meaningful impact on
external accounts. Policy implications include the need for rule-based monetary frameworks in
inflation-prone economies to stabilize external accounts and preserve macroeconomic stability.
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1. Introduction

Iran’s economy has long faced chronic inflation, exchange-
rate volatility, budget deficits, oil-revenue dependence, and
external  balance-of-payments  imbalances,  making
monetary policy—especially money supply control—
crucial for macroeconomic and external stability. From the
monetary approach, the balance of payments reflects the
imbalance between money supply and money demand;
therefore, excessive money growth can intensify inflation,
currency depreciation, import demand, and capital
outflows, while optimal money growth aligned with
productive capacity can support investment, exports, and
stability. Accordingly, this article aims to determine Iran’s
optimal monetary rule and money growth, and then assess
its effect on the foreign balance of payments using
dynamic programming, optimal control, and the ARDL
model. The findings show a significant gap between actual
and optimal money growth, which contributes to high
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inflation and weakens the effectiveness of monetary policy
in influencing the external sector.

2. Theoretical Framework

This study builds upon two theoretical pillars: the optimal
monetary rule with the central bank’s loss function, and the
monetary approach to the balance of payments. In the first,
the central bank seeks to balance inflation control with
production support—a critical necessity in stagflationary
economies like Iran—while the second frames the balance
of payments as a monetary phenomenon where imbalances
arise from discrepancies between money supply and
demand. By distinguishing between actual and optimal
money supply, this research highlights how the quality of
monetary policy dictates whether money growth
exacerbates economic instability or fosters sustainable
production and external balance.
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3. Methodology

The study’s methodology is conducted in two stages, first
determining the optimal money supply through optimal
control and dynamic programming within a backward-
looking structural macroeconomic model. By incorporating
the Phillips curve, IS curve, and money growth equation,
the central bank’s loss function—based on inflation,
output, and money growth—is minimized using the
Bellman equation and Riccati matrix, with a discount
factor of 0.98. The calibration results show that the
minimum loss value is 113.08, with weights of 0.001 for
inflation stabilization, 0.749 for the output gap, and 0.25
for money growth smoothing. These findings suggest that,
in Iran, output stabilization and liquidity smoothing
dominate direct inflation targeting, reflecting stagflationary
pressures and the central bank’s need to support production
despite deviations from the inflation target.

4. Result and Disccusion

In the second stage, after calculating optimal money
growth, the study examines the effects of actual and
optimal money supply on the foreign balance of payments
using the ARDL model. The model’s dependent variable is
the growth of the foreign balance of payments, while the
explanatory variables include money supply, domestic
credit, exchange rate, inflation, and economic growth. Two
separate models are estimated—one with actual money
growth and the other with optimal money growth—and
unit root tests confirm that the ARDL method is
appropriate, as the variables are a mixture of I(0) and I(1).
The results related to optimal money growth show that
actual money growth in Iran has consistently and
significantly exceeded optimal money growth. For
example, in 1372, actual money growth was 28.48 percent,
while optimal growth was estimated at only 3.50 percent.
In 1374, actual money growth was 37 percent and optimal
growth was 5.37 percent. In 1384, actual money growth
reached 39.43 percent, whereas optimal growth was only
8.59 percent. Also, in 1398, actual money growth was 40.6
percent and optimal growth was 8.78 percent, while in
1401, actual money growth was 30 percent compared with
optimal growth of 8.71 percent. These figures indicate that
the actual money path in Iran has chronically deviated
from the optimal path. Based on the output of the GAMS
model, if money growth had remained at the optimal level,
the highest annual inflation rate would have been
approximately 13 percent.

The results of the bounds test also confirm the existence of
a long-run relationship between money supply and the
foreign balance of payments. The F-statistic for the actual
money supply model is 6.38, and for the optimal money
supply model it is 7.27. Since both values exceed the upper
critical bound at the one percent significance level, namely
5.8. the null hypothesis of no long-run relationship is
rejected. Therefore, both actual and optimal money supply
have a significant long-run relationship with the foreign
balance of payments, although the intensity and quality of
their effects differ.
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The long-run coefficients show that in the actual money
supply model, the coefficient of money supply is 0.003,

with a t-statistic of 1.6 and a probability value of 0.1; this

means that its effect is weak and notable only at the 90
percent confidence level. The coefficient of domestic
credit is -0.4 the coefficient of inflation is -0.05, and the
coefficient of economic growth is 0.9. Inflation, with a ¢-
statistic of -2.7 and a probability value of 0.002, has a
negative and significant effect, while economic growth,
with a f-statistic of 2.04 and a probability value of 0.006,
shows a positive and significant effect on the balance of
payments.

In the optimal money supply model, the coefficient of
optimal money supply is estimated at 0.5, with a t-statistic
of 1.88 and a probability value of 0.08, indicating a
stronger effect on the foreign balance of payments than
actual money supply. Domestic credit and inflation both
have negative coefficients of -0.3, while economic growth
has a positive coefficient of 0.6, confirming that growth is
a key driver of balance-of-payments improvement and that
optimal money supply has a significant positive effect at
the 90% confidence level. Diagnostic tests, including
Breusch—Godfrey, Breusch—Pagan, Jarque—Bera, Ramsey
RESET, and CUSUM, confirm the validity, normality, and
stability of the estimated models.

5. Conclusions & Suggestions

The results of the study show that actual money growth in
the Iranian economy has been considerably higher than its
optimal level, and this gap is one of the main factors
behind chronic inflation and the reduced effectiveness of
monetary policy on the external sector of the economy.
While optimal money growth in most years of the study
period ranges from about 3.5 to 8.8 percent, actual money
growth in many years exceeded 20, 30 and even 40
percent. This difference indicates that monetary policy in
Iran has been influenced more by budget deficits, limited
central bank independence, exchange-rate shocks, oil
revenue fluctuations, and fiscal pressures from the
government than by an optimal and stable rule.

The ARDL results indicate that optimal money supply has
a much stronger positive effect on the foreign balance of
payments than actual and abnormal money growth. While
uncontrolled liquidity expansion mainly fuels inflation and
weakens external competitiveness, optimal money growth
can improve the balance of payments through higher
production, investment, exports, and a stronger current

account. Therefore, adopting rule-based monetary
frameworks, enhancing central bank independence,
limiting monetary financing of budget deficits,

coordinating exchange-rate and monetary policies, and
supporting sustainable growth are recommended to
improve Iran’s external balance.
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Table 1. Results of estimating equations
po doles £y doles Jol dolee
t SUR t OLS  yub t SUR t OLS  yub t SUR t OLS ok
-138 -023 -147 -021 o, 221  -0.18 -2.01 -0.19 ﬁl 3.78* 0.53 4.06* 0.54 Q
2.28 0.25 2.02 0.21 o, -092 -0.09 -0.52 -0.07 ﬂz 4.32 0.56 6.25 0.57 a,
232 0.38 24 0.4 (o 0.12 0.02 0.28 0.04 ,33 2.3 0.24 1.76 0.25 a,
59 24.01 6.89 23.5 C -3.8 -4.92  -3.644 -5.8 ﬂ4 0.45 0.0001 0.76 0.0001 a,
4.22 33.1 532 324 C -0.45 -0.0001 -0.76  -0.0001 a,
A 303]
Diagnostic test
po aloles ey doles Jsl dolee
0.32 R? 0.28 R? 0.5 R?
1.89 DW 1.95 DWW 1.82 DWW
0.8 X2 0.8 X, 0.6 X;
0.5 X2 03 X2 0.4 X2
2 2 2
0.1 X, 03 X, 0.2 X
0.3 X 0.1 X 0.9 X;
: RR : RR : RR
)mj).l ‘SLQA:.BLJ o
Source: Researcher's findings
1. Autocorrelation
2. Conditional Heteroskedasticity
3. Non-normality
6. Pasca 4. Jarque-Bera Test

7. Moreira et al.
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Table 4. Unit root test results for the money supply and
balance of foreign payments variables
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[([) -6.16" -0.55 GDP
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Table 2. Estimated parameters of the central bank loss

function

A Ay A LOSS

0 0.001 0.999 282.42
0.05 0.248 0.702 267.35
0.1 0.445 0.455 239.34
0.15 0.6 0.25 22434
0.2 0.727 0.073 218.01
0.25 0.749 0.001 113.08
0.3 0.699 0.001 135.92
0.35 0.649 0.001 158.77
0.4 0.599 0.001 181.61
0.45 0.549 0.001 204.46
0.5 0.499 0.001 2273
0.55 0.001 0.449 673.98
0.6 0.001 0.399 706.99
0.65 0.001 0.349 740.006
0.7 0.001 0.299 773.01
0.75 0.001 0.249 806.03
0.8 0.001 0.199 808.99
0.85 0.001 0.149 788.46
0.9 0.001 0.099 729.3
0.95 0.001 0.049 589.27

M/ LY k5‘L(M.‘;3lﬂ o)
Source: Researcher's findings
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Table 3. Comparison of the growth of the optimal and
actual volume of money in the years 1993 to 2022

e I s,
; 5 Jl

e dn b ds e dn Hhds
877 2391 2008 35 2848 1993
8.81 2517 2009 431 37.56 1994
8.83 2013 2010 537 37 1995
8.84 3005 2011 6.04 15.22 1996
8.85 3882 2012 663 19.45 1997
8.85 2233 2013 7.08 20.13 1998
8.85 3001 2014 746 29.28 1999
8.84 2321 2015 777 28.84 2000
8.83 2207 2016 801 30.09 2001
8.81 2307 2017 82l 26.12 2002
8.8 313 2018 8.37 30.25 2003
8.78 4061 2019 849 34.29 2004
8.76 3902 2020 859 39.43 2005
8.73 2276 2021 8.67 27.73 2006
8.71 30 2022 873 15.92 2007

,S.....a:/ LR 6LQAEL_ Boes)
Source: Researcher's findings
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Table 7. Long-run coefficients of the external balance of
payments variable in the real money supply case

Jlesl to,bel ol po Lo yxio
0.1 1.6 0.003 MSR
0.1 -1.4 -0.4 e

0.002 27 -0.05 INF

0.006 2.04 0.9 GDP
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Table 5. Determining the long-run relationship between
the real volume of money and the balance of external
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Table 8. Long-run coefficients of the external balance of ¢ 5
payments variable in the optimal money supply case BOUNDS (33| o3gaoe
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Table 6. Determining the long-run relationship between
the optimal volume of money and the balance of external

payments
Ogojl o)e! o) o3l azye
, INF MSR DC BOP ), i T .
(GDP ’
BOUNDS i3l 035020
Goolins aoys g e 10 BOUNDS 11 BOUNDS
doyo Ve 25 3.5
o, O 3.05 42
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Table 10. Diagnostic tests related to the relationship
between the optimal volume of money and the balance of
external payments
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Figure 1. CUSUM test results for the case where the real
money supply is the independent variable
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Figure 2. CUSUM test results for the case where the
optimal money supply is the independent variable
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