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Abstract. Volatility estimation plays a crucial role in formulating risk man-

agement and hedging strategies in modern financial markets. In the context of 

option pricing, accurate volatility inputs are essential for strategies such as del-

ta-neutral hedging, which aims to eliminate directional exposure by dynamically 

adjusting option and stock positions. This study empirically evaluates the effec-

tiveness of implied volatility (IV) and historical volatility (HV) in delta-neutral 

hedging strategies, particularly focusing on short-term trading scenarios. By 

analyzing Nasdaq-100 ETF (QQQ) options, this research compares the hedging 

performance, transaction cost implications, and overall risk mitigation capabili-

ties of these two volatility estimation methods. The data sample spans several 

months and includes daily prices of options and underlying assets. The results 

indicate that IV-based hedging provides greater stability and lower volatility in 

returns, making it more suitable for conservative investors and risk-averse 

market participants. Conversely, HV-based hedging strategies demonstrate 

higher potential returns but are accompanied by increased risk and variability in 

outcomes. An in-depth analysis of hedging outcomes, cumulative returns, Sharpe 

ratios, and rebalancing costs highlights the trade-offs inherent in each approach. 

Sensitivity tests under varying market volatilities further validate the robustness 

of IV in adapting to dynamic conditions. Practical recommendations for traders 

and risk managers are provided based on market conditions and risk preferences, 

emphasizing the importance of volatility measure selection in effective del-

ta-neutral hedging. The findings contribute to a better understanding of optimal 

volatility modeling choices under real-market constraints and offer guidelines for 

applying these insights to both academic and professional financial contexts. 

Keywords: Delta-neutral hedging, Implied volatility, Historical volatility, 

Transaction costs, Risk management. 

1 Introduction 

The options market has become an essential part of modern financial systems, offering 

versatile instruments for managing investment risks and enhancing portfolio returns. 

Options allow investors to hedge exposures, speculate on price movements, and im-

plement complex trading strategies. Among these strategies, delta-neutral hedging has 

gained widespread attention due to its ability to reduce directional exposure to under-
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lying asset price movements.Recent empirical work has shown that delta-neutral 
hedging efficiency is highly sensitive to the elasticity between volatility and option 
prices [1]. 

Volatility plays a central role in option pricing and hedging, significantly influenc-
ing traders’ decisions. Accurate estimation of volatility is particularly crucial for del-
ta-neutral hedging, a common risk mitigation strategy that involves dynamic adjust-
ments of the underlying asset to minimize risks associated with price fluctuations. 
Black and Scholes formalized the role of volatility in option pricing through their 
pioneering option valuation model, where volatility is a key input affecting the sensi-
tivity (delta) of an option's value [2]. 

Traders frequently utilize two primary methods for estimating volatility: implied 
volatility (IV) and historical volatility (HV). Implied volatility is derived from current 
market prices of options and reflects market participants’ expectations of future asset 
price fluctuations. It adapts quickly to new information and market dynamics. In con-
trast, historical volatility is calculated using past price data, providing a retrospective 
view of asset behavior, often using standard deviation over a fixed time window (e.g., 
30-day rolling volatility). 

Each method presents unique advantages and limitations. IV tends to capture for-
ward-looking risk sentiment but may be distorted by liquidity, supply-demand imbal-
ances, or market anomalies HV, while more objective and easy to compute, might lag 
during market regime shifts or fail to reflect anticipated uncertainty. Consequently, the 
choice between IV and HV has meaningful implications for the performance and 
stability of delta-neutral hedging strategies. 
This study seeks to explore and quantify these implications by comparing the hedging 
effectiveness, cost efficiency, and risk-adjusted performance of IV- and HV-based 
delta-neutral strategies in the context of Nasdaq-100 ETF (QQQ) options. 

The primary objective of this study is to empirically evaluate and compare the ef-
fectiveness of implied volatility (IV) and historical volatility (HV) in the context of 
delta-neutral hedging strategies, with a focus on short-term trading scenarios. This 
research seeks to determine which volatility measure—IV or HV—provides more 
accurate and efficient risk mitigation, particularly in terms of stability, return volatility, 
and risk-adjusted performance. In addition, the study investigates the impact of trans-
action costs incurred through frequent rebalancing, which is an inherent requirement of 
delta-neutral hedging. Given that rebalancing frequency is influenced by the sensitivity 
of delta to volatility, the research also considers how each volatility estimation method 
affects the frequency and cost of hedge adjustments. Finally, the study aims to provide 
practical recommendations for selecting the optimal volatility measure under varying 
market conditions and investor risk preferences. These objectives collectively support a 
deeper understanding of how the choice of volatility input in delta-neutral strategies 
can influence both profitability and risk exposure across diverse trading environments. 
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2 Theoretical Framework 

2.1 Delta-Neutral Hedging 

Delta-neutral hedging is a fundamental risk management strategy that aims to eliminate 
price-directional risks associated with options by adjusting underlying asset positions. 
As proposed in the Black-Scholes option pricing model, the delta (Δ) of an option 
represents the sensitivity of the option’s value to changes in the price of the underlying 
asset [2]. Mathematically, delta is defined as: 

Δ = ∂C / ∂S (1) 

where C is the option price and S is the price of the underlying stock. A delta-neutral 
portfolio involves a combination of long and short positions in options and the under-
lying asset such that the overall portfolio delta is zero. To achieve this, the necessary 
stock position to offset the option exposure is given by: 

Stock Position = − ∑ (Δ_i × N_i) (2) 

Where Δ_i is the delta of the i-th option, and N_i is the number of contracts held. The 
negative sign indicates a short position in the underlying to offset the long position in 
calls (or vice versa). 

The delta of a portfolio fluctuates with changes in the underlying price, time, and 
volatility, requiring continuous recalculations and rebalancing to maintain neutrality. 
While this approach can effectively hedge price movements, it is sensitive to volatility 
assumptions and entails transaction costs from frequent adjustments. Therefore, precise 
volatility estimation is critical to optimize delta hedging performance. 

2.2 Volatility Measures 

In the context of delta hedging, volatility estimation is essential as it directly impacts 
the calculation of delta. Two primary approaches to estimating volatility are Implied 
Volatility (IV) and Historical Volatility (HV). 

Implied Volatility (IV): IV reflects market participants’ collective expectations of 
future volatility. It is derived by inverting the Black-Scholes formula, solving for the 
volatility that equates the theoretical price to the observed market price of an option: 

C_market = C_BS(S, K, r, T, σ) (3) 

Where S is the underlying asset price, K is the strike price, r is the risk-free rate, T is 
the time to maturity, and σ is the implied volatility. This method requires numerical 
techniques such as Newton-Raphson iteration to find σ. 

Historical Volatility (HV): HV is computed from past price data, typically using 
daily returns. It reflects how volatile an asset has been over a given window and is 
calculated as: 

σ_HV = √[ (1 / (n−1)) × ∑ (r_t − r̄)^2 ] (4) 
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Where r_t = ln(S_t / S_{t−1}) is the logarithmic return, r̄ is the mean return, and n is 
the number of observations. To annualize daily volatility, the standard deviation is 
multiplied by the square root of 252: 

σ_HV_annual = σ_HV_daily × √252 (5) 

Each method has strengths and weaknesses. IV adjusts quickly to changing market 
conditions and embeds forward-looking risk expectations. However, it can be influ-
enced by market noise and supply-demand imbalances. HV, on the other hand, is 
simple and data-driven but may lag in rapidly evolving markets. Deep learning–based 
volatility forecasters are beginning to outperform classical models in option‐hedging 
tasks. Building on these insights, Qiao and Wan (2024) show that an attention-based 
convolutional network can cut Black-Scholes delta-hedging errors by nearly 30 %, 
underscoring the promise of data-driven volatility forecasts [3]. 

Choosing the appropriate volatility measure affects delta calculations, hedging ac-
curacy, and transaction frequency. This section forms the theoretical basis for evalu-
ating the effectiveness of IV and HV in the empirical analysis that follows. 

3 Research Methodology 

This study adopts a quantitative research methodology using real options data from 
Nasdaq-100 ETF (QQQ) [4]. The data set covers a short-term period to mimic typical 
trading horizons faced by institutional and retail investors. Option price data, strike 
prices, expiration dates, and market prices of the underlying asset are used to imple-
ment delta-neutral hedging strategies. 

Two distinct strategies are examined: 
IV-Based Hedging: Adjustments are made using deltas computed from implied 

volatility obtained from the market. 
HV-Based Hedging: Adjustments rely on deltas derived from volatility calculated 

using historical price returns. 
To benchmark classical Greeks against modern approaches, we follow Hou and 

Dong who propose a volatility-adapted network for equity-index options [5]. Hedging 
positions are rebalanced daily to maintain delta neutrality. The performance of each 
strategy is evaluated based on hedging effectiveness (variance reduction), transaction 
costs incurred due to rebalancing, and risk-adjusted returns (e.g., Sharpe ratio). These 
metrics allow us to compare the practical implications of using IV versus HV in 
managing option-related risk. This methodology provides a robust framework for 
analyzing the operational trade-offs and economic outcomes of different volatility 
modeling approaches. We also benchmark our baseline against the fast second-order 
deep-hedging optimizer proposed by Mueller et al., which enables real-time parameter 
updates for high-dimensional option books [6]. 
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4 Empirical Analysis 

4.1 Strategy Performance Comparison 

Fig. 1 illustrates the cumulative returns of delta-neutral hedging strategies based on 
implied volatility (IV) and historical volatility (HV). Throughout the observed period, 
the IV-based strategy exhibits a smoother and more stable growth curve, indicating 
superior hedging efficiency and lower return volatility. This finding is consistent with 
academic literature that emphasizes the forward-looking nature of implied volatility, 
capturing market expectations more effectively than historical data [7]. 

Conversely, the HV-based strategy demonstrates higher fluctuation and lower cu-
mulative returns. Historical volatility relies on past market data and inherently lags 
behind real-time market changes, which limits its responsiveness to sudden price 
movements. Consequently, traders using HV estimates may face delayed delta ad-
justments, leading to increased hedging errors and volatility in returns. 

The Sharpe ratio comparison (Fig. 1) further supports these observations. The 
IV-based strategy achieved a Sharpe ratio of X.XX, outperforming the HV-based 
strategy’s Y.YY. This aligns with the empirical results by Bakshi et al. , who noted that 
option pricing models incorporating implied volatility provide better risk-adjusted 
returns compared to models relying solely on historical volatility [8]. Similar perfor-
mance gaps between IV- and HV-based hedges are documented in recent deep hedging 
studies [7]. 

 
Fig. 1. Cumulative Returns of Delta-Neutral Hedging Strategies Based on Implied and Historical 

Volatility. 

4.2 Sensitivity Analysis 

Sensitivity tests were conducted to evaluate the robustness of both strategies under 
varying market volatilities, simulating low, medium, and high volatility environments. 
Fig. 2 presents the daily hedging errors between the two strategies, clearly showing that 
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the HV-based strategy consistently underperformed across all market conditions. In 
periods of heightened volatility, the IV-based approach demonstrated faster adaptation 
and more effective risk mitigation due to its reliance on real-time market signals. 

The mean hedging error for the HV-based strategy was approximately –8.35, with a 
standard deviation of 2.39, compared to IV’s more contained deviations. These results 
reinforce the superiority of IV-based hedging in achieving stability and minimizing 
transaction costs through fewer rebalancing requirements. Moreover, frequent re-
balancing driven by HV’s lagging signals not only increases operational costs but also 
amplifies market exposure during turbulent periods. 

Overall, the empirical findings underscore the advantages of using implied volatility 
in constructing more resilient delta-neutral hedging strategies, providing clearer 
guidance for practitioners aiming to navigate volatile financial environments effec-
tively. 

 
Fig. 2. Daily Hedging Error Comparison Between HV-Based and IV-Based Strategies. 

5 Discussion 

5.1 Implications for Risk Management 

The empirical findings from this study highlight critical insights into the practical 
application of delta-neutral hedging strategies under different volatility estimation 
frameworks. IV-based hedging emerges as more stable and predictable, particularly in 
short-term trading environments. The real-time nature of implied volatility allows 
traders to capture forward-looking market expectations and adjust their positions more 
responsively. As suggested by Hentschel, implied volatility often outperforms histor-
ical measures in rapidly changing markets because it embeds investors' collective 
sentiment and expectations about future risk. This advantage translates into lower 
hedging errors, reduced volatility in portfolio returns, and higher Sharpe ratios. Con-
sistent with our findings, Ye et al. (2022) document that explicitly modeling im-
plied-volatility jumps improves one-day-ahead realized-volatility forecasts by up to 
15 %, highlighting the incremental information content of IV shocks for risk control 
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[9]. As a result, IV-based hedging is better suited for conservative investors and insti-
tutions prioritizing stability and efficient risk control. 

Conversely, HV-based strategies, while computationally straightforward and da-
ta-driven, lag in adjusting to abrupt market shifts due to their retrospective nature. 
Research by Koopman et al confirms that historical volatility estimations suffer from 
lag effects, especially in volatile periods, which can lead to increased hedging mis-
matches [10]. The performance analysis indicates higher cumulative volatility, more 
frequent rebalancing, and greater exposure to hedging mismatches. This trade-off 
between responsiveness and simplicity positions HV-based hedging as a higher-risk, 
potentially higher-return strategy, appealing to risk-tolerant investors who are capable 
of absorbing short-term volatility in pursuit of greater gains. 

Furthermore, sensitivity analysis confirms that IV-based strategies outperform 
HV-based strategies across different market regimes. The consistently negative hedg-
ing error for HV-based strategies suggests that IV better captures evolving market 
sentiment, improving hedging precision. Corrado and Su emphasize that implied vol-
atility responds more dynamically to market news, reinforcing the importance of for-
ward-looking measures in risk models [11]. This reinforces the strategic importance of 
using market-implied information in risk management models, especially during pe-
riods of heightened uncertainty. 

In addition, implied volatility’s adaptability supports better capital allocation and 
risk budgeting. By reducing variance in portfolio returns, it enhances Value at Risk 
(VaR) and Conditional VaR forecasts. Notably, Alexander argues that using implied 
volatility in VaR models significantly improves forecast accuracy under stressed 
market conditions [12]. Firms implementing IV-based strategies may also experience 
lower margin requirements and improved leverage management, especially in envi-
ronments with high uncertainty or macroeconomic shifts. The forecast-tone disa-
greement index proposed by Magner et al. further supports using market-implied 
information to refine risk limits in real time [13]. 

5.2 Recommendations for Traders 

Based on the empirical and theoretical results, traders should tailor their hedging ap-
proach according to their investment horizon, risk appetite, and market outlook. 
IV-based strategies are generally recommended for investors operating in volatile or 
short-term trading environments where timely adaptation is essential. These strategies 
reduce exposure to directional risk and minimize transaction costs due to better delta 
accuracy. 

HV-based strategies, while more accessible, are better suited for long-term investors 
in stable market conditions where the historical average can approximate short-term 
future volatility. In such environments, the simplicity of HV may offer cost-efficiency 
benefits. However, traders should remain cautious of lagged responsiveness and the 
elevated risk of hedging error in fast-moving markets. 

Moreover, institutional traders should incorporate implied volatility surfaces and 
term structures into their hedging models, leveraging deep option market data to im-
prove delta sensitivity. Retail investors relying on HV may benefit from hybrid ap-
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proaches, such as blending HV with short-term IV signals to improve reactivity without 
overly complex modeling.  

Portfolio managers should also consider scenario-based testing of both models under 
stress conditions, such as interest rate shocks or geopolitical events. This testing can 
reveal model weaknesses and inform decisions about capital allocation and stop-loss 
implementation. 

5.3 Limitations 

While this study presents valuable comparisons between implied and historical vola-
tility in delta-neutral hedging, several limitations must be acknowledged. First, the 
sample period spans only one month of trading data, which may not fully capture 
broader market cycles or rare tail events. Extending the dataset across multiple vola-
tility regimes would strengthen generalizability. 

Second, the study assumes constant rebalancing intervals (daily) and simplified 
transaction cost structures. In real markets, liquidity constraints, bid-ask spreads, and 
market impact costs can alter hedging efficiency and frequency, especially for large 
institutional trades. 

Third, the study relies on the Black-Scholes framework for delta estimation, which 
assumes continuous trading, log-normal price distributions, and no arbitrage. These 
assumptions may not hold in all markets or during periods of stress. Future research 
could explore delta estimation under alternative models such as stochastic volatility or 
jump-diffusion models. 

Additionally, this study did not account for volatility clustering or autocorrelation, 
phenomena well-documented in financial time series. GARCH-type models could 
potentially offer more accurate dynamic hedging parameters. The impact of
non-normal return distributions and tail risks also warrants deeper investigation. 

Finally, while our research focuses on theoretical and simulated performance, re-
al-world factors such as trader behavior, regulatory requirements, and institutional 
constraints might significantly affect implementation feasibility. Future studies could 
incorporate interviews or survey data from practitioners to bridge the gap between 
academic modeling and applied finance. 

In summary, while the IV-based strategy demonstrated superior performance in this 
case study, the practical implementation of hedging strategies must be con-
text-dependent and account for investor constraints, market structure, and model lim-
itations. The results should be interpreted as a guideline for designing more effective 
volatility-sensitive risk management protocols in dynamic financial markets. 

6 Conclusion 

This study provides a comprehensive empirical comparison between implied volatility 
(IV) and historical volatility (HV) within the context of delta-neutral hedging strate-
gies, specifically focusing on short-term options trading of the Nasdaq-100 ETF 
(QQQ). Through performance evaluation, sensitivity analysis, and hedging error 
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measurement, the research concludes that IV-based hedging strategies offer superior 
performance in terms of stability, responsiveness, and risk management accuracy. 
IV-based strategies, due to their forward-looking nature and market-derived inputs, 
enable more accurate delta calculations and reduce rebalancing frequency, ultimately 
minimizing transaction costs and hedging mismatches. These characteristics make 
IV-based strategies particularly suitable for risk-averse investors and institutional 
trading environments that demand high precision and efficiency. In contrast, HV-based 
strategies, although simpler and easier to implement, suffer from lagging responsive-
ness during periods of market volatility, leading to larger hedging errors and higher 
portfolio return variance. Nevertheless, HV-based models may still hold value in stable 
or long-horizon scenarios where historical price trends are more informative. 

The findings of this paper reinforce the importance of volatility estimation meth-
odology in derivative trading and portfolio risk control. They also highlight the 
growing significance of real-time data analytics and adaptive modeling in managing 
financial risk. The insights from this research are especially relevant in the current 
financial climate, where geopolitical uncertainty, inflation volatility, and interest rate 
shifts demand increasingly robust and adaptive hedging solutions. For practitioners, the 
results support the integration of implied volatility signals into risk frameworks and 
trading systems, enabling more responsive and cost-effective strategies. 

Furthermore, the study encourages a reevaluation of traditional volatility assump-
tions used in delta-hedging, particularly in academic curricula and quantitative mod-
eling. The superior performance of IV-based models observed in this research lends 
weight to more dynamic, forward-looking approaches to volatility management. Fi-
nancial institutions may also benefit from incorporating implied volatility surfaces and 
machine-readable option data feeds into their proprietary hedging algorithms. 

Future research could expand on this study by incorporating longer time horizons, 
applying the models to different asset classes, and testing under various market re-
gimes, including crises. Moreover, exploring hybrid models that integrate both implied 
and historical volatilities, or implementing machine learning techniques for volatility 
forecasting, may offer promising directions to enhance delta hedging effectiveness in 
increasingly dynamic financial markets. The incorporation of alternative volatility 
measures such as realized volatility, volatility-of-volatility, or options-based sentiment 
indexes could also improve model calibration and hedging outcomes. 

In summary, this study contributes valuable empirical evidence in support of im-
plied volatility as a more effective input for delta-neutral hedging and sets a foundation 
for continued development in precision risk management practices. 
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