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Highlights:

e Strong information links exist among Iran's gold, currency, and stock markets.
Currency and gold transmit shocks; the stock market mainly receives them.
Currency—gold linkage is strongest; other ranking differences are negligible.
Spillovers indicate inefficiency due to policy, exchange-rate, and trading frictions.
Nonlinear, behavior-driven linkages suggest a rolling monitoring framework using
leading indicators.

Abstract

This study investigates the mutual information content among Iran's gold,
currency, and stock markets using a mutual information measure based on
generalized entropies and Bayesian network analysis. The analysis is
grounded in daily data on the total stock index, the free-market exchange
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rate (US dollar), and the price per gram of 18-carat gold over the period
2019-2025. Marginal and joint probability mass functions of the variables
were estimated through optimal classification schemes, followed by the
estimation of mutual information coefficients derived from Rényi entropy.
The empirical findings reveal significant mutual information among the
stock index, gold, and currency markets. According to the Bayesian
network analysis, the magnitude of dependence-i.e., the mutual
information content across markets- remained consistent across all causal
structures. The strongest information linkage was observed between the
currency and gold markets, while the weakest was between the stock and
gold markets. A comparison of the two methodologies indicates that both
approaches vyield nearly identical rankings of the markets' mutual
information content. These findings provide evidence in support of asset
integration theory and confirm the existence of informational
interdependence and spillovers among the gold, currency, and stock
markets, which are inconsistent with full informational efficiency-
particularly in its semi-strong form. Furthermore, the combined application
of entropy-based and Bayesian network methods, grounded in the
empirical probabilities of risky asset values, offers a novel and more
transparent analytical tool for measuring information content across capital
markets-an approach.
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Introduction
This study focuses on analyzing the complex informational

relationships between three core pillars of the global financial
system: gold, currency, and stock markets. Understanding these
interactions is crucial for comprehending financial system behavior.
The research aims to evaluate the mutual informational content
between these markets using advanced, non-linear methods to gain
deeper insights into information transfer mechanisms and cross-
market fluctuations.

The research employs two primary, complementary methods. First,
it uses mutual information, a non-parametric measure capable of
capturing all forms of linear and non-linear dependency between
markets without assuming a specific data distribution, which is ideal
for complex financial data. Second, it utilizes Bayesian network
analysis to model causal relationships and conditional dependency
structures, representing markets as nodes and informational flows as
directed edges. Together, these methods allow for a multi-level
analysis: mutual information quantifies the overall intensity of
informational dependency, while Bayesian networks reveal its
causal structure. Note that the directed links in the Bayesian network
represent dominant directional conditional dependencies inferred
from data under the modeling assumptions, and should not be
interpreted as definitive structural causality.

While entropy and mutual information concepts are used in various
financial physics applications, their combined use with Bayesian
networks for evaluating mutual informational content across key
markets is less explored. Specifically, the comparative performance
of these probability-based methods has not been sufficiently studied.
Therefore, this research seeks to fill this gap by applying both
methods in tandem to the Iranian financial markets. Its central
question is: What is the mutual informational content between Iran's
gold, currency, and stock markets, and what common insights do the
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provide about this content?

Methodology
This research investigates the mutual informational relationships

between Iran's gold, currency, and stock markets using daily data
from 25/03/2019 to 15/03/2025. The study employs a method-
oriented approach, relying on two primary tools—Mutual
Information/Entropy and Bayesian Networks—to discover linear
and non-linear dependencies without presupposing an explicit
theoretical model. To measure the overall intensity of informational
dependency, the Mutual Information measure is used, calculated
based on Shannon entropy and its generalization, Rényi entropy
(with parameter o). This measure can identify all forms of
dependency. As the data are continuous, the series were discretized
using an optimal binning procedure; several standard binning rules
(e.g., Freedman—Diaconis, Scott, and Sturges) were evaluated and
the best-performing rule was selected. In our data, the Freedman—
Diaconis rule provided the optimal discretization for all three return
series. To uncover the causal structure and direction of information
flow, Bayesian Networks are employed. Two distinct causal
structures (with either gold or currency as the primary causal
variable) are designed. The network parameters are estimated using
the Hill-Climbing learning algorithm, optimized against the
Schwarz criterion. All analyses are conducted in the R software
environment, version 4.3.3.

Results
The computed mutual information coefficients for all market pairs

(gold-currency, gold-stock, currency-stock) across all levels of the o
parameter (including 0.5, 1.01, 2, and 5) were positive and
significantly greater than zero. A direct relationship was observed
between an increase in the o value and an increase in the mutual
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information coefficients, indicating that smaller a values (e.g., 0.5)
yield more conservative results. Statistical tests on rolling windows
of 200 observations also confirmed the significance of these
informational relationships at the 0.05 error level.

Bayesian network analysis was conducted with two different causal
structures (gold as the primary cause or currency as the primary
cause). The results revealed that the choice of causal structure did
not affect the estimated "strength of dependency” between the
variables, which was measured reciprocally. Based on the reduction
in the BIC criterion, the strongest informational relationship was
identified between the currency and gold markets. Following that,
and by a considerable margin, the relationship between currency and
the stock market was ranked second, while the weakest link was
observed between gold and the stock market.

Both methods identified the strongest informational link between the
gold and currency markets, demonstrating a convergence of results.
Regarding the weaker relationships (between the stock market and
currency/gold), the ranking of the two methods differed slightly: the
mutual information method ranked gold-stock second and currency-
stock third, whereas the Bayesian network reversed this order. Given
the small magnitude of these relationships, this minor discrepancy
can be considered negligible, leading to the conclusion that the
overall performance of both methods in assessing the mutual
informational content of the markets is consistent and acceptable.

In the 200-day rolling-window analysis, the mean difference
between the two weaker links is very small relative to their
variability (Cohen’s d = 0.11), confirming that this rank reversal
does not change the main inference.

Conclusions
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his research demonstrates that Iran's gold, currency, and stock

markets do not operate in isolation; rather, a powerful and significant
flow of information exists between them. The detected spillovers
imply incomplete informational efficiency and, in Iran, can plausibly
reflect policy-driven shocks, the dual exchange-rate regime, and
stock-market microstructure frictions (e.g., price limits and trading
halts) that can delay price discovery in equities relative to currency
and gold.

The results from both analytical methods (mutual information and
Bayesian networks) conclusively reveal that the strongest
informational linkage is between the currency and gold markets.
These two markets act as primary transmitters of information,
largely explaining fluctuations in the stock market. In other words,
the stock market primarily acts as a receiver of informational waves
and systemic shocks transmitted through the currency and gold
markets.

To better manage the systemic risks arising from these
interconnections and prevent the spread of instability, an
institutional solution is proposed: the establishment of an integrated
financial system monitoring platform. Such a system, by
continuously tracking information flows between markets, could
facilitate the timely identification of high-risk periods and enable
effective, informed policy interventions by regulators.
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