
A factor model for option returns
JFE  2022.01(08)

Matthias Büchner，Bryan Kelly

汇报人：陈傅俊杰

2023.02.22



Author

Matthias Büchner
Dr. Matthias Büchner is affiliated with the Centre for 

Endowment Asset Management (CEAM) at the University of 

Cambridge. His research interests span empirical asset pricing, 

machine learning and financial derivatives. He earned a PhD in 

finance & econometrics from the University of Warwick, a 

master's degree in financial mathematics with distinction from 

University College London, and a bachelor's degree in physics 

from Karlsruhe Institute of Technology.



Author

Bryan Kelly
Bryan Kelly is Professor of Finance at the Yale School of Management, a 

Research Fellow at the National Bureau of Economic Research, Associate 

Director of SOM’s International Center for Finance, and is the head of 

machine learning at AQR Capital Management. Professor Kelly’s primary 

research fields are asset pricing, machine learning, and financial 

econometrics. He has served as co-editor of the Journal of Financial 

Econometrics and associate editor of Journal of Finance and Journal of 

Financial Economics. Before joining Yale, Kelly was a tenured professor of 

finance at the University of Chicago Booth School of Business.  He earned 

an AB in economics from University of Chicago, MA in economics from 

University of California San Diego, and a PhD and MPhil in finance from 

New York University’s Stern School of Business. Kelly worked in investment 

banking at Morgan Stanley prior to his PhD.



Framework of this paper

(Instrumented principal 
components analysis) 

IPCA的实证

典型因子模型的缺点

依赖于预先设定的因子

需要长时间的资产收益序
列

研究对象

期权(寿命短且资金流动性
强)

1996年至2017年标准普尔
500指数月度期权

实证结果

IPCA模型表现

最大化夏普比率

拆解分析IPCA因子

优点

它不会对基础模型的确切
细节采取立场，而是从大
样本的已实现期权收益中
推断出相关的风险来源

能够处理时变因子载荷
（time-varying factor 

loadings）



1. Introduction
• In practice, the no-arbitrage model cannot explain a large part of the empirical 

observation changes of option returns. ( Israelov and Kelly, 2017 )

• According to the Euler equation of asset pricing and the assumption of no arbitrage, 

there is a random discount factor, 𝑚𝑡+1 ,which satisfies

𝐸𝑡 [𝑚𝑡+1, 𝑟𝑖,𝑡+1] = 0

, therefore

𝛽𝑖,𝑡
资产i对系
统风险因子
的条件暴露

λ𝑡
与因子相关
的风险条件
价格



1. Introduction
• When  𝑚𝑡+1 is linear in factors 𝑓𝑡+1 , as assumed in many asset pricing studies, the 

cross section of excess returns satisfies a linear factor model:

• for all i and t：



1. Introduction
• This approach is difficult with options data for a few reasons：

（1）Their short lives make it hard to estimate option betas with time series regression.

（2） Rapid migration of option attributes (such as moneyness and maturity) means that 
option risk exposures likewise migrate rapidly over time. Thus, it is important to 
incorporate conditional betas in option factor models, which further limits the viability of 
time series regression .

（3） The factors are difficult to ascertain a priori.



What is IPCA？
• Instrumented Principal Components Analysis (IPCA), allows for latent factors and time-

varying loadings by introducing observable characteristics that instrument for the 
unobservable dynamic loadings.

• The general IPCA model specification for an excess return 𝑟i,t+1:

• 𝛽i,t :dynamic factor loadings



What is IPCA？
• 𝑡 = 1,… , 𝑡代表时间，𝑖 = 1,… ,𝑁代表个体。IPCA允许载荷在i和t维度上变化。等式
（1）是因子结构，其中𝑥𝑖,𝑡是标量面板数据，因子分析的目标，即𝑓𝑡和𝛽𝑖,𝑡分别是K
因子和因子载荷，µi,t为误差。等式（2）将工具变量𝑐i,t的L向量的信息与动态因
子负载𝛽𝑖,𝑡联系起来。其中 Γ 是L×K 的参数矩阵。

• PCA被广泛使用，一个原因是其易于通过主成分分析（PCA）进行估计。PCA对𝛽𝑖
没有限制，但依赖于它是静态的，不随时间变化。



stochastic discount factor 𝑚𝑡+1

• 𝑥𝑡+1 :the investor can buy or sell the payoff 𝑥𝑡+1;

• 𝑝𝑡 : the asset’s price; 

• 𝑒:the original consumption level (if the investor bought none of the asset);

• ξ :the amount of the asset he chooses to buy. 

• (1)                                                    (2)

• (3)



2. Data
• Data:The options on the S&P 500 index. 

• From: Daily option data is obtained from OptionMetrics for the period of 
January 1996 to December 2017. VIX index is obtained through CBOE.

• The information includes:Contract specifications (exercise date, strike, etc.) 
as well as underlying index values, historical dividend yields, and option 
sensitivity measures such as the BMS delta, gamma, vega, and theta. 
Data for the VIX index is obtained through CBOE.



2. Data
• The delta-hedged profit-and-loss (P&L) for a contract with value F over a period 

t = 1,...,T is given by

• where the first term is the raw P&L, the second term captures the 
adjustment from delta-hedging the position, and the last term adjusts for 
the cost of funding the delta-hedged portfolio at the risk-free rate where 
𝑎𝑡,𝑡 +1is the number of days between trading dates t and t + 1 .



2. Data
• OptionMetrics data filters : The data excludes observations in which i) the 

bid price is negative, ii) the bid exceeds the ask, iii) no-arbitrage conditions 
are violated, or iv) the OptionMetrics implied volatility is missing.

• Only study observations for contracts with positive open interest. We 
exclude observations with extreme embedded leverage by trimming data 
below (above) the 1st (99th) percentile of the embedded leverage 
distribution, where embedded leverage is defined as

• Finally, we restrict our sample to call options with forward delta of 0.01 to 
0.5 and -0.5 to -0.01 for put options, and require time-to-maturity (TTM) of 
1 to 12 months.



2. Data

Fig1. Open Interest and Volume of S&P 500 Options



2. Data

Table1. Summary Statistics of Option Level Variables



3. Methodology

Instrumented principal components model(IPCA)  (Kelly et al2019, 2020)。
The model is specified for a general excess return 𝑟𝑖,𝑡+1 :

Where 𝑓𝑖,𝑡+1:K × 1; 𝑧𝑖,𝑡+1:L × 1.

By restricting the IPCA model such that Γ𝛼 = 0 , we can test whether risk 

compensation in option returns solely arises from exposure to systematic 

factors, ft , or whether returns partially line up with characteristics directly 

(i.e. Γ𝛼 ≠0 ), hence constituting compensation without risk.



3. Methodology
Asset pricing performance: (Kelly, Pruitt and Su (2019) ):

𝑅𝑡𝑜𝑡𝑎𝑙
2 measures how well the set of factors and loadings captures realized 

returns.

መ𝜆 : The unconditional time-series mean of the factors. 𝑅𝑝𝑟𝑒𝑑
2 captures how 

well differences in average returns are explained through the model’s 
description of conditional expected returns, i.e. the models ability to 
describe risk.



3. Methodology
Let 𝑍𝑡 be an N×L matrix of characteristics at time t. Then managed 
portfolios can be constructed via

𝑁𝑡+1 is the number of outstanding options at time t+1 . The managed 
portfolios, 𝑥𝑡+1, are a weighted average of option returns where the weights 
are determined by the characteristics in 𝑍𝑡 . We can define performance 
measures for managed portfolios:



4.2. IPCA Performance

Table 2  Panel Regression of Option Returns on Option Characteristics



4.2. IPCA Performance

Table3 IPCA Performance by Bins of Option Delta, Maturity, and VIX



4.2. IPCA Performance

Table8 IPCA Performance.



4.2.1. Comparison with extant factor models

Table4 IPCA versus Observable Factor Models



4.3. Unconditional and conditional alphas

Table 5 Managed Portfolio Alphas-IPCA vs. Observable Factors.



4.3. Unconditional and conditional alphas

Fig2 Test of Mean-Variance Efficieny using Managed Portfolios.



4.3. Unconditional and conditional alphas

Fig3 Test of Unconditional Mean-Variance Efficieny using Double Sorted Portfolios



4.3. Unconditional and conditional alphas

Table 6 IPCA Portfolio Alphas



4.4. Out-of-sample performance 

Table 7 Out-of-Sample Performance



4.5. Out-of-sample trading strategies
• In this section we present results from a trading strategy that aims to

optimally combine the IPCA factors in a maximum Sharpe ratio sense.
This provides a description of IPCA model performance in economic terms.

Table 9 Out-of-Sample Factor Portfolio Sharpe Ratios.



4.6 Interpreting the IPCA factors 

Fig. 4. IPCA Factor Regression Betas for Double Sorted Option Portfolios.



4.6 Interpreting the IPCA factors 

Table 10 IPCA Factors versus Option Return Factors.



4.6 Interpreting the IPCA factors 

Table 11  IPCA Factor Summary Statistics.



4.6 Interpreting the IPCA factors 

Table12 IPCA Factors and the Dynamics & Liquidity of the Underlying.



4.6 Interpreting the IPCA factors 

Table 13 IPCA Instrument Significance.
The second column contains p-values for the bootstrap test Wβ with 1000 draws that tests

against the alternative



4.6 Interpreting the IPCA factors 

Fig. 5. Plots of loadings Γβ



4.6 Interpreting the IPCA factors

Fig. 6. IPCA Factor Exposure by Level of Moneyness. 

For each bucket Δj compute the average factor exposure 𝛽
Δj = ǁ𝑧𝑗𝛤𝛽where ǁ𝑧𝑗 is the mean of the 

characteristics in bucket Δj.



4.8. Model performance at the daily frequency

Table14 Comparison of IPCA against a No-Arbitrage Model at Daily Frequency

For the no-arbitrage model the total R2 is computed as follows: for a series 𝑅i,1…4 the R-Squared is 
computed as 𝑅𝑡𝑜𝑡𝑎𝑙,𝑖

2 = 1 − 𝑉𝑎𝑟 (𝑅𝑖 ) / 𝑉𝑎𝑟 (𝑅0) where 𝑅0 is the series of delta-hedged daily returns.



5. Conclusion

• We demonstrate that a coherent factor- based description of 
option returns is possible in a model with time-varying factor 
loadings.

• We find that a low dimensional latent factor model is successful 
in capturing variation in option returns and describing differences 
in risk across a wide range of options. The model also provides 
an accurate description of the risk-return trade-off in options 
markets.



5. Conclusion
• We also find that a trading strategy designed to efficiently capture the risk-

return trade-off (as estimated from IPCA) earns an annualized Sharpe 
ratio as high as 1.8 and has positive alpha versus previously proposed 
investment strategies using index options.

• The risk factors recovered by IPCA can be interpreted as capturing 
fluctuations in the level of the volatility surface, in the maturity slope, and in 
the short-dated moneyness skew. While most of our analysis focuses on 
monthly data, we also find that the IPCA model matches the behavior of 
options returns at the daily frequency across a wide range of option 
contracts.



Thanks for listening
陈傅俊杰硕士


