
Ab s t r ac t
This study examines the distinction between risk-neutral and real-world probability measures in asset pricing, 
highlighting their theoretical foundations, practical applications, and implications for financial modeling. Risk-
neutral measures are primarily employed in derivative pricing, reflecting market-implied expectations under 
a no-arbitrage framework, whereas real-world measures capture actual probabilities derived from historical 
market data. By analyzing statistical properties, distributional differences, and transformations between the 
two measures, the research provides insights into the potential mispricing and risk assessment errors that may 
arise when relying solely on one approach. Empirical results demonstrate the importance of integrating both 
measures for enhanced accuracy in pricing, portfolio management, and regulatory compliance. The study 
further underscores the relevance of stochastic volatility models and simulation techniques in bridging the gap 
between theoretical constructs and real-world applications.
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In t r o d u c t i o n
Asset pricing is a cornerstone of modern financial 
theory, serving as the foundation for investment 
decisions, derivative pricing, and risk management. 
Central to this framework is the concept of probability 
measures, which quantify the likelihood of future asset 
price movements. Among these, risk-neutral and real-
world (physical) probability measures play pivotal but 
distinct roles. The risk-neutral measure is primarily 
utilized in derivative pricing, reflecting the market’s 
expectation of future payoffs discounted at the risk-
free rate under a no-arbitrage condition (Chang, 2017; 
Figlewski, 2018). Conversely, the real-world probability 
measure represents the actual statistical likelihood of 
asset outcomes, derived from historical data and market 
observations, and is critical for portfolio management, 
stress testing, and regulatory compliance (Stein, 2016; 
Dacorogna, Miguelez, & Kratz, 2016).

Understanding the relationship and differences 
between these two measures is essential for both 
theoretical modeling and practical applications. Risk-
neutral measures facilitate pricing models by simplifying 
the dynamics of stochastic processes, yet they do not 

directly reflect the true probabilistic structure of markets 
(Hull, Sokol, & White, 2014). Real-world measures, on 
the other hand, capture market realities but are often 
more complex to model due to volatility, jumps, and 
other non-linear dynamics. Bridging the gap between 
these measures involves empirical transformations, 
which allow practitioners to convert option-implied risk-
neutral densities into real-world distributions, enhancing 
the accuracy of forecasting and risk assessment (de 
Vincent-Humphreys & Noss, 2012; Spears, 2013).

Furthermore, the distinction has important 
regulatory and transparency implications, particularly in 
the context of structured financial products. Regulators 
increasingly require that financial institutions provide 
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a clear view of both expected (risk-neutral) and actual 
(real-world) risk exposures to ensure informed decision-
making and market stability (Giordano & Siciliano, 2015). 
Recent advances in simulation techniques, such as 
stochastic volatility modeling and risk-neutral market 
simulations, have provided robust tools for analyzing 
these differences in practice (Wiese & Murray, 2022).

This study aims to explore the theoretical foundations, 
empirical methods, and practical implications of 
risk-neutral and real-world probability measures in 
asset pricing. By comparing statistical properties, 
transformation techniques, and application contexts, 
the research seeks to provide a comprehensive 
understanding of how these measures interact and 
how their integration can enhance pricing accuracy, risk 
management, and regulatory compliance (Chang, 2017; 
Figlewski, 2018; Dacorogna, Miguelez, & Kratz, 2016).

Theoretical Framework
The concept of probability measures is central to modern 
asset pricing and financial risk management. Two 
primary probability measures dominate the theoretical 
and practical literature: risk-neutral probabilities and 
real-world (physical) probabilities. Each measure serves 
distinct purposes in finance, influencing derivative 
pricing, portfolio management, and regulatory 
compliance.

Risk-Neutral Probability Measure
A risk-neutral probability measure assumes that all 
investors are indifferent to risk, allowing asset prices to 
be evaluated as discounted expected payoffs under a 
no-arbitrage condition (Chang, 2017). In this framework, 
the expected return of any risky asset equals the risk-free 
rate, simplifying derivative valuation by transforming 
uncertain future payoffs into deterministic discounted 
values. Option-implied risk-neutral densities are widely 
used to extract market expectations about future 
asset prices (Figlewski, 2018; Hull, Sokol, & White, 2014). 
Risk-neutral measures are particularly instrumental in 
pricing options, futures, and other contingent claims, as 
they provide a standardized approach independent of 
individual risk preferences (Stein, 2016; Wiese & Murray, 
2022).

Real-World Probability Measure
In contrast, real-world probability measures reflect 
actual market expectations based on historical data, 
statistical estimation, or observed outcomes (Spears, 
2013). These measures capture the true likelihood of 
asset price movements, incorporating risk premia, 

market frictions, and investor behavior (Dacorogna, 
Miguelez, & Kratz, 2016). Real-world measures are 
essential for portfolio optimization, risk assessment, 
stress testing, and regulatory compliance, as they 
provide a realistic depiction of market dynamics rather 
than a simplified arbitrage-free perspective (Giordano 
& Siciliano, 2015).

Transformations Between Measures
Bridging risk-neutral and real-world measures is a 
critical challenge in financial modeling. Techniques 
for converting risk-neutral densities to real-world 
distributions include empirical transformation methods, 
stochastic discount factors, and the application of 
market calibration using historical data (de Vincent-
Humphreys & Noss, 2012; Levendis, 2023). These 
transformations are particularly valuable in stress testing 
and scenario analysis, as they allow analysts to assess 
the impact of extreme events under both theoretical 
and observed probability frameworks.

Practical Implications
Understanding the differences between these measures 
is essential for accurate asset pricing, risk management, 
and regulatory compliance. Risk-neutral measures 
provide a forward-looking, market-implied perspective 
suitable for derivative valuation, while real-world 
measures offer a realistic representation of market risks 
critical for decision-making under uncertainty (Chang, 
2017; Stein, 2016). By integrating both approaches, 
financial institutions can better manage mispricing 
risks, improve hedging strategies, and meet regulatory 
requirements on transparency and risk disclosure 
(Giordano & Siciliano, 2015; Dacorogna et al., 2016).

Li t e r at u r e Re v i e w
The study of probability measures in asset pricing has 
evolved significantly, with a growing body of research 
differentiating between risk-neutral and real-world 
frameworks. Risk-neutral probability measures are 
primarily employed in derivative pricing, providing a 
framework where discounted expected payoffs reflect 
no-arbitrage conditions, while real-world probability 
measures capture the actual likelihood of market 
outcomes, derived from historical data and empirical 
observations.

Early empirical work by de Vincent-Humphreys and 
Noss (2012) explored methodologies for transforming 
option-implied risk-neutral densities into real-world 
probability distributions. Their study highlighted the 
practical importance of bridging the gap between 



Risk-neutral versus real-world probability measures in asset pricing

Adhyayan: A Journal of Management Sciences, Volume 14, Issue 2 (2024) 77

market expectations and actual outcomes, providing 
a foundation for more accurate risk assessment in 
derivative pricing. Spears (2013) further examined 
estimation techniques for both risk-neutral and real-
world measures, emphasizing the sensitivity of model 
outputs to the choice of measure and the underlying 
statistical assumptions.

Giordano and Siciliano (2015) discussed the regulatory 
implications of these probability measures, particularly 
in the transparency requirements for structured 
financial products. They argued that understanding 
both measures is critical for ensuring investor protection 
and mitigating mispricing risks in complex financial 
instruments. Similarly, Hull, Sokol, and White (2014) 
analyzed short-rate modeling, demonstrating that 
discrepancies between risk-neutral and real-world 
measures can significantly influence interest rate 
derivatives pricing and yield curve dynamics.

Several studies have emphasized the theoretical 
underpinnings of risk-neutral measures. Chang 
(2017) outlined practical applications in asset pricing, 
highlighting how risk-neutral probabilities facilitate 
derivative valuation while potentially misrepresenting 
actual market risk if interpreted as real-world 
probabilities. Stein (2016) addressed limitations 
in conventional risk-neutral measures, proposing 
adjustments to align theoretical models more closely 
with observed market behavior. Figlewski (2018) 
provided a comprehensive review of risk-neutral 
densities, illustrating their widespread application and 
the nuances involved in extracting these measures from 
market data.

Empirical comparisons between risk-neutral and 
real-world distributions have been applied to specific 
sectors. Dacorogna, Miguelez, and Kratz (2016) 
investigated publicly listed bank corporations, revealing 
material differences in statistical characteristics such as 
skewness and kurtosis, which have direct implications 
for credit risk modeling and capital allocation. 

Recent computational approaches have also 
advanced the field. Wiese and Murray (2022) explored 
risk-neutral market simulations using high-dimensional 
modeling techniques, enabling a more robust 
assessment of portfolio and systemic risks under varying 
market scenarios. Collectively, these studies underscore 
the necessity of integrating both probability measures 
into asset pricing frameworks to achieve more accurate 
valuations, effective risk management, and compliance 
with evolving regulatory standards.

Me t h o d o lo g y
This study adopts a quantitative and empirical approach 
to analyze the differences between risk-neutral and 
real-world probability measures in asset pricing. The 
methodology is structured around data collection, 
estimation procedures, statistical analysis, and 
graphical representation to provide a comprehensive 
understanding of the topic.

Data Sources
The analysis uses a combination of historical market 
data and option-implied data, covering a broad range 
of publicly listed stocks and derivatives. Specifically:
•	 Historical Stock Prices and Returns: Daily closing 

prices from major equity indices and selected bank 
corporations to construct real-world probability 
distributions (Dacorogna et al., 2016).

•	 Option Market Data: Prices and implied volatilities 
for European-style options to derive risk-neutral 
densities (Hull et al., 2014; Figlewski, 2018).

•	 Interest Rates: Short-term risk-free rates for 
discounting cash flows and calibration of models 
(Chang, 2017; Stein, 2016).

Estimation of Risk-Neutral Probability Measures
Risk-neutral probability measures were derived using 
option-implied data and the following procedures:
•	 Black-Scholes Framework:  Used for initial 

extraction of risk-neutral densities from option 
prices (Chang, 2017; Figlewski, 2018).

•	 Transformation to Continuous Densities: 
Implemented via kernel smoothing and spline 
interpolation to convert discrete option prices 
into continuous risk-neutral probability density 
functions (de Vincent-Humphreys & Noss, 2012).

•	 Simulation and Calibration:  Monte Carlo 
simulations under the risk-neutral measure were 
used to validate the estimated densities against 
observed option prices (Wiese & Murray, 2022).

Estimation of Real-World Probability Measures
Real-world probability measures were estimated using 
historical market returns:
•	 Empirical Distribution Construction: Historical 

daily returns were used to compute real-world 
densities (Spears, 2013).

•	 Stochastic Volatility Adjustment:  Models 
incorporating stochastic volatility, such as 
GARCH(1,1) and Heston-type models, were applied 
to better capture real-world dynamics.
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•	 Maximum Likelihood Estimation (MLE): 
Parameters for the distributions were optimized 
using MLE to ensure the best fit to historical data 
(Stein, 2016).

Transformation Between Measures
The study applied empirical transformations to convert 
risk-neutral distributions into real-world equivalents for 
comparison:
•	 Density Transformation: Adjustments based on 

the market price of risk and statistical divergence 
metrics were applied to ensure consistency 
between the two probability measures (de Vincent-
Humphreys & Noss, 2012; Giordano & Siciliano, 2015).

•	 Validation: Kolmogorov-Smirnov and Jensen-
Shannon divergence tests were used to quantify 
the similarity between transformed risk-neutral 
and historical real-world densities (Figlewski, 2018).

Analytical Tools and Metrics
The following statistical measures were computed for 
each probability distribution:
•	 Mean, variance, skewness, and kurtosis.
•	 Calibration error metrics between observed and 

estimated densities.
•	 Time-series evolution of densities to observe 

structural shifts in market expectations.

Table 1: Summary Statistics of Risk-Neutral vs Real-World Densities

Asset class Measure Mean Variance Skewness Kurtosis

Banking Risk-Neutral 0.012 0.025 -0.12 3.45

Banking Real-World 0.010 0.028 -0.08 3.62

Equity Risk-Neutral 0.015 0.022 0.05 3.12

Equity Real-World 0.014 0.024 0.08 3.30

Table 2: Calibration Errors Between Risk-Neutral and Real-World Distributions

Asset class Transformation method Mean squared error Kolmogorov-smirnov statistic

Banking Market Price of Risk 0.0021 0.054

Equity Historical Matching 0.0018 0.047

Table 3: Regulatory and Practical Implications

Measure type Main application Key implications

Risk-Neutral Derivative Pricing Reflects market expectations; sensitive to volatility assumptions

Real-World Portfolio Management & Risk Reflects actual outcomes; critical for stress testing and reporting

Transformed Hybrid Integrated Risk Assessment Balances pricing accuracy with real-world relevance

All computations and simulations were implemented in 
Python, utilizing libraries such as NumPy, SciPy, Pandas, 
and Matplotlib for data handling and visualization.

Em p i r i c al  Re s u lts

Descriptive Analysis
The empirical analysis examines the statistical 
characteristics of risk-neutral and real-world probability 
distributions across a selection of publicly traded 
assets. Risk-neutral distributions were derived from 
option-implied volatility surfaces using standard 
methodologies, while real-world distributions were 
obtained from historical asset return data and stochastic 
volatility models (de Vincent-Humphreys & Noss, 2012; 
Spears, 2013).

Key descriptive statistics indicate that risk-neutral 
distributions exhibit lower skewness and kurtosis 
compared to real-world distributions, reflecting 
the market’s forward-looking expectations and the 
smoothing effect of discounting at the risk-free rate 
(Figlewski, 2018; Stein, 2016). Real-world distributions, 
in contrast, display heavier tails and higher variance, 
highlighting the influence of actual market dynamics, 
shocks, and empirical volatility patterns (Dacorogna, 
Miguelez, & Kratz, 2016).
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Fig 1: clearly contrasts the continuous real-world and risk-
neutral probability density functions, with shaded regions 

emphasizing divergence in expectations.

Fig 2: overlays histograms and kernel density estimates, 
allowing visual comparison of skewness and tail thickness 
between historical and option-implied (risk-neutral) return 

distributions

Fig 3: presents the 12-month time evolution of both mean 
and variance under real-world and risk-neutral measures, 
using solid lines for means and dashed lines for variances 

to maintain clarity.

Table 4: Descriptive Statistics of Risk-Neutral vs Real-World 
Distributions

Statistic Risk-Neutral Real-World

Mean (%) 0.85 0.72

Variance (%) 1.02 1.45

Skewness -0.12 -0.35

Kurtosis 3.10 4.25

Comparative Graphical Analysis
Graphical comparison illustrates the structural 
differences between the two probability measures. 
Risk-neutral densities tend to be smoother with 
moderate tails, reflecting option market consensus 
and the assumption of no arbitrage (Chang, 2017; Hull, 
Sokol, & White, 2014). Real-world densities, derived from 
historical returns, show higher kurtosis and asymmetric 

behavior, capturing extreme events that are often 
underestimated by risk-neutral measures (Giordano & 
Siciliano, 2015).

The figures conceptually illustrate the structural 
differences between risk-neutral and real-world 
probability measures, the divergence between option-
implied and historical return distributions, and their 
temporal dynamics under market stress. Risk-neutral 
densities reflect market pricing of risk, while real-world 
distributions capture realized return behavior, with 
divergence typically amplifying during periods of 
financial turbulence (see Wiese & Murray, 2022).

Quantitative Comparison
Statistical measures of divergence confirm significant 
differences between risk-neutral and real-world 
distributions. Jensen-Shannon divergence and 
Kolmogorov-Smirnov tests indicate consistent 
divergence across all sampled assets, supporting the 
hypothesis that risk-neutral measures, while suitable 
for derivative pricing, do not fully capture actual market 
risk (Stein, 2016; Figlewski, 2018).
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Figure 4

Figure 5

Figure 6

Table 5. Divergence Metrics Between Risk-Neutral and Real-
World Measures

Asset Jensen-shannon 
divergence

Kolmogorov-smirnov 
statistic

Stock A 0.145 0.128

Stock B 0.172 0.149

Stock C 0.160 0.134

Table 6: Risk Assessment Implications Across Probability 
Measures

Measure type Use case Key limitation

Risk-Neutral Option Pricing, 
Derivatives

Underestimates 
tail risk

Real-World Portfolio 
Management, Stress 
Tests

Sensitive to 
historical shocks

Combined 
Approach

Integrated Risk 
Modeling

Computationally 
Intensive

Implications for Asset Pricing and Risk 
Management
The observed differences between the two measures 
have direct implications:
•	 Derivative Pricing: Relying solely on risk-neutral 

measures may underestimate tail risk, leading to 
potential mispricing of options and structured 
products (Chang, 2017; Figlewski, 2018).

•	 Portfolio Management: Real-world probabilities 
provide a more accurate assessment of potential 
losses and extreme market events, crucial for Value-
at-Risk and stress-testing frameworks (Dacorogna, 
Miguelez, & Kratz, 2016).

•	 Regulatory Compliance: Financial institutions must 
recognize the gap between market-implied and 
actual probabilities to satisfy transparency and risk 
disclosure requirements (Giordano & Siciliano, 2015; 
Hull, Sokol, & White, 2014).

Overall,  the empirical results underscore the 
importance of adopting a dual-framework approach 
that incorporates both risk-neutral and real-world 
probability measures, leveraging stochastic volatility 
and simulation methods for enhanced accuracy in 
pricing, risk management, and regulatory compliance 
(Levendis, 2023; Wiese & Murray, 2022).

Di s c u s s i o n
The empirical and theoretical analysis of risk-neutral 
and real-world probability measures reveals several 
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critical insights into asset pricing and financial risk 
management. Risk-neutral probabilities, derived from 
market-implied option prices, provide a framework 
that assumes no arbitrage and facilitates the valuation 
of derivative instruments (Chang, 2017; Figlewski, 2018). 
These measures capture the market consensus of 
future asset price distributions under the assumption 
that investors are indifferent to risk, making them 
particularly useful in option pricing and structured 
product valuation (Giordano & Siciliano, 2015).

In contrast, real-world probabilities are grounded in 
historical data and reflect the actual likelihood of various 
market outcomes (Stein, 2016; Dacorogna, Miguelez, & 
Kratz, 2016). While risk-neutral measures simplify pricing 
by removing risk preferences, real-world measures 
are essential for portfolio management, regulatory 
stress testing, and forecasting actual market behavior. 
The divergence between the two measures is often 
pronounced, particularly in volatile or crisis periods, 
highlighting the limitations of relying solely on one 
measure for risk assessment (Spears, 2013; de Vincent-
Humphreys & Noss, 2012).

Transformations from risk-neutral to real-world 
distributions are a critical area of research, allowing 
practitioners to reconcile market-implied expectations 
with historical realities. Empirical methods, such as 
the application of stochastic volatility models and 
calibration techniques, have proven effective in 
generating real-world densities from risk-neutral data 
(Hull, Sokol, & White, 2014). These approaches provide a 
more accurate representation of potential tail risks and 
skewness in asset returns, which are often understated 
in purely risk-neutral frameworks.

Moreover, advanced simulation techniques, including 
Monte Carlo and risk-neutral market simulations, enable 
the integration of both probability measures for scenario 
analysis and stress testing (Wiese & Murray, 2022). Such 
integration improves risk management by allowing 
institutions to model both expected market behavior 
and market-implied pricing signals, thereby bridging 
the gap between theoretical models and practical 
decision-making.

Regulatory implications are also signif icant. 
Transparency requirements for structured products and 
other complex derivatives necessitate clear reporting 
of both risk-neutral and real-world probabilities, as 
misalignment between the two can lead to mispricing 
and inadequate risk provisioning (Giordano & Siciliano, 
2015; Figlewski, 2018). Incorporating both measures into 
risk frameworks ensures compliance while enhancing 
the robustness of pricing and hedging strategies.

The discussion highlights the complementary roles of 
risk-neutral and real-world measures in asset pricing. 
While risk-neutral measures are indispensable for 
derivative valuation, real-world probabilities provide 
the empirical grounding necessary for accurate risk 
assessment and regulatory compliance. A combined 
approach that leverages stochastic volatility models, 
empirical transformations, and advanced simulations 
provides the most comprehensive framework for 
financial institutions seeking to align theoretical pricing 
with real-world market realities (de Vincent-Humphreys 
& Noss, 2012; Wiese & Murray, 2022).

Co n c lu s i o n
This study highlights the critical differences and 
complementary roles of risk-neutral and real-world 
probability measures in asset pricing. Risk-neutral 
measures remain indispensable for derivative pricing 
and market-implied valuation, providing a no-arbitrage 
framework that reflects expected payoffs discounted 
at the risk-free rate (Chang, 2017; Figlewski, 2018). 
In contrast, real-world measures capture the actual 
probabilities of asset price outcomes based on historical 
or observed market data, offering a more accurate 
reflection of realized risks and returns (Spears, 2013; 
Dacorogna, Miguelez, & Kratz, 2016).

The analysis demonstrates that transformations 
between risk-neutral and real-world distributions 
are essential for bridging theoretical constructs and 
empirical realities (de Vincent-Humphreys & Noss, 2012; 
Levendis, 2023). Differences in variance, skewness, 
and kurtosis between the two measures can result in 
mispricing or underestimation of risk if only a single 
approach is applied (Stein, 2016; Hull, Sokol, & White, 
2014). Incorporating stochastic volatility models 
and advanced simulation techniques enhances the 
alignment between market-implied and observed 
distributions, thereby improving pricing accuracy and 
risk assessment (Levendis, 2023; Wiese & Murray, 2022).

From a regulatory and practical perspective, 
understanding and integrating both measures is crucial 
for financial institutions, particularly in the context 
of derivative transparency and structured product 
oversight (Giordano & Siciliano, 2015). Ultimately, a 
dual-measure framework strengthens risk management, 
informs robust portfolio optimization strategies, 
and supports compliance with market regulations, 
underscoring the enduring relevance of combining risk-
neutral and real-world perspectives in contemporary 
asset pricing.
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