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Highlights
e  Introducing the range-based volatility modelling approach for the Tehran Stock Exchange

for the first time. » .

e Demonstrating that CCARR (COTPO”ent Conditional Autoregressive Range) outperforms
conventional return-based GARCH and CGARCH madels in an emerging market context.

e Evidence of significant long-memory (persistent) volatility in the Tehran Stock Exchange
index, justifying the use of two-component models. ) o )

e Showing that range data (high-low price movements) provide superior information for
volatility prediction compared to closing-price retumns in this market. .

e Implications for portfolio management, derivative pricing and risk measurement in
emerging markets through improved volatility forecasts.

Abstract

The purpose of this research is to develop an appropriate model for forecasting the
volatility of a broad market index. In this study, the CCARR model is proposed for volatility
forecasting, and its estimation results are compared with those of the popular GARCH,
CGARCH, and CARR models. The model is intuitive and convenient to implement using
the maximum likelihood estimation method.While the GARCH and CGARCH models use
price returns, the CARR and CCARR models rely on price ranges to predict volatility. The
CCARR and CGARCH models assume that the price range consists of both a long-run
(trend) component and a short-run (transitory) component, which together capture the long-
memory property of volatility. Daily data from the Tehran Stock Exchange index, covering
the period 2009-2022 and including high, low, and closing prices, are employed. The
results indicate that range-based models, such as the CARR and CCARR, fit the data better
than return-based models. Moreover, two-component models provide a superior fit
compared with one-component models. Overall, the CCARR model generates more
accurate out-of-sample volatility forecasts than the conventional GARCH, CGARCH, and
CARR models.
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Introduction

Volatility forecasting is a central task in financial market analysis,
critical for effective portfolio management, derivative pricing, and risk
assessment. The Tehran Stock Exchange (TSE), as a pivotal institution for
capital accumulation and economic development, demands robust models
capable of accurately predicting asset return volatility to support
investment decisions and financial stability. This research investigates the
forecasting of TSE wvolatility using the Component Conditional
Autoregressive Range (CCARR) model, a state-of-the-art approach that
leverages high-frequency price range data instead of conventional closing
prices, enabling more precise capture of market dynamics.

Equity markets inherently encompass risk, primarily manifested
through volatility or fluctuations in asset returns. Volatility serves as a
fundamental variable influencing portfolio selection, risk management,
derivative valuation, and regulatory capital determination. Conventional
volatility forecasting models, largely based on closing price returns, often
neglect the intraday price movement information contained in daily high
and low prices. Such omission potentially leads to an underestimation of
volatility and suboptimal management strategies. Recognizing this, recent
advances include models utilizing price ranges to better reflect true
variability.

The CCARR model extends the seminal Conditional Autoregressive
Range (CARR) model by incorporating two components reflecting long-
term persistent trends and short-term transient volatility dynamics. This
dual-component structure enables the model to account for the empirically
observed long memory property in financial markets, wherein shocks to
volatility have prolonged effects and clustering. The CCARR model is
estimated through maximum likelihood using daily TSE data from 2009 to
2022, encompassing high, low, and closing prices, offering rich
granularity.

Methodology

This empirical study employs four benchmark models: GARCH and
CGARCH representing return-based volatility frameworks, and CARR
and CCARR embodying range-based approaches. The GARCH model,
established by Bollerslev (1986), captures time-varying volatility but lacks
explicit long-memory consideration. CGARCH introduces components to
model both short- and long-term volatilities, improving over GARCH in
capturing persistence. Conversely, CARR models volatility through daily
price ranges, as proposed by Chou (2005), which empirically better reflects
realized volatility than return-based methods. The CCARR model
innovates further by introducing a two-component structure, decomposing
volatility into a long-run trend and a short transient component, facilitating
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superior modeling of long memory effects, supported theoretically and
validated empirically.

Model parameters are estimated within a likelihood framework,
adopting distributional assumptions aligned with empirical residual
characteristics: inverse Gaussian for return-based models and t-distribution
for range-based models. Evaluation metrics include in-sample fit criteria
such as Akaike Information Criterion (AIC) and log-likelihood, alongside
out-of-sample predictive performance assessed via Mean Squared Error
(MSE), Mean Absolute Error (MAE), and Mean Absolute Percent Error
(MAPE).

Result

Descriptive statistics confirm that both return and range variables
exhibit significant skewness, kurtosis, and deviations from normality,
validating the use of flexible distributions. Autocorrelation analysis reveals
strong persistence and long memory in volatility measures, particularly
pronounced in the price range data.

Estimated parameters for all models indicate stability and meaningful
contributions of both short and long memory components, especially in
CGARCH and CCARR models. The CCARR routinely demonstrates
lower AIC values and higher log-likelihood scores relative to its single-
component CARR counterpart and return-based models, indicating
superior in-sample explanatory power.

Out-of-sample forecasting results consistently rank the CCARR model
as the most accurate across all error metrics, followed closely by CARR,
CGARCH, and finally GARCH. The superior performance of range-based
models highlights the value of incorporating intraday price fluctuation
information, while two-component models validate the critical role of
modeling long memory in volatility for enhanced predictive accuracy.

Discussion

The findings emphasize the importance of utilizing price range data and
long memory modeling in financial volatility forecasting. The CCARR
model’s dual component framework captures nuanced temporal
dependencies, outperforming traditional GARCH-family models that rely
solely on closing price returns. This improvement directly translates into
better risk quantification and financial decision-making for investors and
institutions.

The study’s application to the emerging Tehran Stock Exchange market
furthermore illustrates the model’s adaptability and relevance in diverse
market contexts. Accurate volatility forecasts facilitate improved portfolio
optimization, risk-adjusted return enhancement, and derivative pricing
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frameworks, supporting the growing sophistication of Iran’s financial
markets.

Conclusions

This comprehensive analysis demonstrates the CCARR model’s
robustness and efficacy for volatility forecasting in the Tehran Stock
Exchange, outperforming conventional models in both in-sample fit and
out-of-sample forecast accuracy. By explicitly modeling long and short-
term volatility components and utilizing richer intraday pricing data, the
CCARR provides a meaningful advancement in financial econometrics
tailored for emerging markets.

Practically, the model can enhance financial institutions’ ability to
measure and manage risk, contributing to greater market stability and
investor confidence. Moreover, the increased accuracy in pricing
derivatives linked to equity volatility facilitates more efficient capital
allocation.

Future research may build upon this foundation by integrating additional
explanatory variables such as trading volume or seasonality effects to further
refine predictions. Additionally, extending CCARR modeling to higher-

frequency intraday intervals could unlock further precision.
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