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Purpose
This document describes the methodology underlying the Cboe S&P 500 Implied Correlation Index. The index is structured 
to reflect changes in the relative premium between SPX index options and single-stock constituent options. Accounting for 
the implied volatility relationship between the SPX index option and a weighted basket portfolio of single-stock options, 
Cboe S&P 500 Implied Correlation Index measures the market’s expectations of index component correlation. For a more 
rigorous overview of the index methodology, refer to the Cboe Implied Correlation Factsheet and Website. 
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Index Type Equity Correlation

Name Cboe Implied Correlation Index

Volatility Unit Delta Relative Calendar Day Price Volatility 

Tenor Indices (50 Delta) COR1M, COR3M, COR6M, COR9M, COR1Y

Delta Skew Indices (3M) COR10D, COR30D, COR3MD, COR70D, COR90D

Index Overview

The Cboe S&P 500 Implied Correlation Indices are the first widely disseminated, market estimates 
of the average correlation of the stocks that comprise the S&P 500® Index (SPX). The Cboe S&P 500 
Implied Correlation Indexes offers insight into the relative cost of SPX options compared to the price of 
options on individual stocks that comprise the S&P 500.

Index Publisher Cboe Global Markets

Methodology Outline

The SPX option implied variance can be defined using the Harry Markowitz’s portfolio model1, 
assuming the normality of returns, as follows:

The implied correlation is a measure of the average correlation between SPX index components, 
denoted as    . The pairwise correlation,       , is replaced by the average correlation     in the  
expression above. 

The implied index value can be solved by isolating the average correlation term:

The correlation index is calculated by first finding the difference between the SPX option implied 
variance and the implied variance of an uncorrelated portfolio of the top 50 SPX components by 
market capitalization. This value is then divided by the sum of pairwise weighted implied volatility 
products to calculate the implied correlation value.

Input Data Feed of trading day ATM Implied Volatility of SPX index options and SPX Index components options for 
the maturities above from Hanweck. 

Calculation Hours 8:30 a.m. to 3:00 p.m. Central Time (CT)

Introduction
Index volatility is driven by a combination of two factors: the individual volatilities of index components and the correlation of index 
component price returns. Intuitively, one would expect that the implied volatility of an index option would rise with a corresponding 
change in the implied volatilities of index component options. Yet, there are instances when the index option implied volatility moves 
without a corresponding shift in the implied volatilities of index component options.  

The index measure isolates the impact of correlation changes on the index option implied volatility and provides a trading signal for 
volatility dispersion (correlation). Implied correlation provides a measure of the relative cheapness/richness of index options in relation to 
the index components. A long dispersion trade, which involves selling at-the-money index option straddles and purchasing at-the-money 
straddles in options on index components, would perform profitably under a high correlation regime. 

Since the introduction of the Cboe Volatility Index (the VIX® Index), Cboe has established a suite of tradable volatility products and indices 
that quantify forward-looking volatility expectations through theoretically robust metrics. Through the Cboe S&P 500® Implied Correlation 
Index, Cboe provides market participants with further granularity into the factors driving volatility, creates robust trading strategies and 
promotes greater transparency and integration of various products and strategies.
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Summary Product Specifications

1  Harry Markowitz, Portfolio Selection, The Journal of Finance, Vol. 7, No. 1. (Mar., 1952), pp. 77-91.



The Implied Correlation Index Calculation: Step-by-Step
The Implied Correlation Index is a financial benchmark that provide instantaneous market estimates of expected correlation 
using implied volatilities of SPX index and SPX component options. This index forms an essential tool to identify the drivers of 
Index Implied Volatility and evaluate the implications of major macroeconomic shocks on market expectations.

The implied correlation value does not rely on any options pricing model and uses delta relative implied volatilities. 

This whitepaper shows a sample calculation of the Cboe 3M Implied Correlation Index (COR3M). The other implied 
correlation tenor and skew indices can be calculated using the same methodology and differ only in the implied 
volatilities used. The generalized formula used is:

Where
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In the following sections, this paper goes over a sample implied correlation index calculation using 
sample data from February 10, 2021. 
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Step 1: Select the Relevant Index Components
For our backtested calculation at the end of each business day, SPX component weights are calculated using their float-ad-
justed market capitalizations. The top 50 components with the highest weights are included in the next business day’s SPX 
tracking portfolio. Additionally, the 51st to 55th highest weighted components are included in the next business day’s re-
placement pool. This pool is created to account for the event that one or more tracking portfolio components are exclud-
ed from the SPX index. In the event this occurs, non-zero weighted components of the replacement pool would replace 
excluded stocks in the tracking basket portfolio, forming a 50-stock SPX basket portfolio.

For the intraday calculation, we would similarly use the top 50 stocks as determined using the previous business day’s 
closing adjusted market capitalizations. The SPX basket portfolio components and weights do not change intraday.

SPX Tracking Portfolio Selections 

AAPL 6.58% MA 0.89% AVGO 0.58%

MSFT 5.58% BAC 0.76% MRK 0.58%

AMZN 4.27% NFLX 0.75% ABBV 0.56%

FB 1.96% INTC 0.73% NKE 0.54%

TSLA 1.95% CMCSA 0.73% CVX 0.53%

GOOGL 1.89% ADBE 0.72% QCOM 0.50%

GOOG 1.83% VZ 0.69% NEE 0.50%

BRK/B 1.41% ABT 0.67% ACN 0.49%

JNJ 1.33% CRM 0.66% MCD 0.49%

JPM 1.29% XOM 0.65% LLY 0.49%

NVDA 1.07% CSCO 0.62% TXN 0.48%

V 1.06% T 0.62% MDT 0.48%

DIS 1.03% WMT 0.61% COST 0.48%

PYPL 1.01% PFE 0.59% DHR 0.45%

PG 0.97% TMO 0.59% HON 0.43%

UNH 0.95% PEP 0.58% UNP 0.42%

HD 0.90% KO 0.58%

SPX Replacement Pool Selections

AMGN 0.42%

WFC 0.42%

BMY 0.41%

LIN 0.41%

PM 0.40%
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All 50 tracking portfolio stocks will form the basket portfolio below, as none of the tracking portfolio stocks were excluded 
from the SPX index on February 10, 2021:

Basket Portfolio SPX Weights (February 10, 2021)

AAPL 6.56% MA 0.89% AVGO 0.58%

MSFT 5.56% BAC 0.76% MRK 0.57%

AMZN 4.25% NFLX 0.75% ABBV 0.56%

FB 1.98% INTC 0.73% NKE 0.54%

TSLA 1.85% CMCSA 0.73% CVX 0.54%

GOOGL 1.90% ADBE 0.72% QCOM 0.50%

GOOG 1.84% VZ 0.69% NEE 0.50%

BRK/B 1.41% ABT 0.67% CAN 0.49%

JNJ 1.33% CRM 0.66% MCD 0.48%

JPM 1.29% XOM 0.65% LLY 0.49%

NVDA 1.11% CSCO 0.60% TXN 0.48%

V 1.06% T 0.62% MDT 0.48%

DIS 1.04% WMT 0.61% COST 0.48%

PYPL 1.01% PFE 0.59% DHR 0.45%

PG 0.96% TMO 0.58% HON 0.43%

UNH 0.96% PEP 0.58% UNP 0.42%

HD 0.91% KO 0.58% Sum Total
54.43%

Step 2: Calculate Basket Portfolio Weights
Market capitalization weights of basket portfolio components are calculated using the following:
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On February 10th, AAPL’s weight in the basket portfolio is 12.05% (6.56%/54.43%). The weights of all stocks in the basket 
portfolio are shown below:

SPX Basket Portfolio Weights (February 10, 2021)

AAPL 12.05% MA 1.64% AVGO 1.06%

MSFT 10.22% BAC 1.40% MRK 1.05%

AMZN 7.80% NFLX 1.39% ABBV 1.02%

FB 3.64% INTC 1.34% NKE 1.00%

TSLA 3.40% CMCSA 1.34% CVX 0.99%

GOOGL 3.49% ADBE 1.32% QCOM 0.92%

GOOG 3.39% VZ 1.27% NEE 0.92%

BRK/B 2.60% ABT 1.24% CAN 0.91%

JNJ 2.44% CRM 1.21% MCD 0.89%

JPM 2.37% XOM 1.20% LLY 0.90%

NVDA 2.04% CSCO 1.11% TXN 0.89%

V 1.95% T 1.13% MDT 0.88%

DIS 1.91% WMT 1.11% COST 0.87%

PYPL 1.85% PFE 1.08% DHR 0.84%

PG 1.77% TMO 1.07% HON 0.79%

UNH 1.76% PEP 1.06% UNP 0.76%

HD 1.67% KO 1.07% Sum Total
100.00%

Step 3: Select Relevant Implied Volatilities
For each stock in the basket portfolio, we use Cboe Hanweck PhD 3M implied volatilities of 0.5 delta options. Implied 
volatilities quantify market expectations of 3M forward volatility. Implied volatilities are based on calendar days.  For more 
information on how the implied volatilities are calculated please refer to the Cboe Hanweck Methodology factsheet at 
www.Cboe.com/Hanweck/OptionsAnalyticsContentOverview.

The ATM implied volatilities of the basket portfolio component options and SPX index option are shown below:

SPX Basket Portfolio Implied Volatilities (February 10, 2021)

AAPL 34.34% MA 29.49% AVGO 34.53%

MSFT 27.66% BAC 33.63% MRK 23.75%

AMZN 32.79% NFLX 40.83% ABBV 27.75%

FB 35.39% INTC 33.37% NKE 32.66%

TSLA 69.63% CMCSA 26.24% CVX 35.07%

GOOGL 30.26% ADBE 32.38% QCOM 38.73%

GOOG 29.99% VZ 18.86% NEE 28.13%

BRK/B 21.21% ABT 26.48% CAN 27.54%

JNJ 22.68% CRM 35.95% MCD 22.85%

JPM 29.40% XOM 38.20% LLY 31.99%

NVDA 47.99% CSCO 26.40% TXN 29.31%

V 26.98% T 23.10% MDT 27.40%

DIS 39.31% WMT 27.27% COST 24.55%

PYPL 41.04% PFE 24.56% DHR 27.18%

PG 20.44% TMO 27.79% HON 25.93%

UNH 30.21% PEP 23.64% UNP 27.95%

HD 26.50% KO 23.07% SPX
20.23%

https://cdn.cboe.com/resources/indices/documents/Cboe_Hanweck_Options-Analytics_Content-Overview-v1.4.pdf
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Step 4: Calculate Implied Correlation Index 
Using the weight and implied volatility values for February 10, 2021, the implied correlation index can be calculated as follows:

Step B: Find Implied Variance of the Uncorrelated Basket Portfolio

Step C: Find the Sum of Pairwise Weighted Implied Volatility Products

Step D: Calculate Implied Correlation:

Step A: Find Implied Variance of Index Option
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Appendix: Theory and Implementation
Backtested Implied Correlation

Cboe 3-Month Implied Correlation Index:

Source: Cboe Hanweck and S&P SPICE (March 17, 2021)
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General
The information provided is for general education and information purposes only. No statement provided should be construed as a recommendation to buy or sell a 
security, future, financial instrument, investment fund, or other investment product (collectively, a “financial product”), or to provide investment advice.

In particular, the inclusion of a security or other instrument within an index is not a recommendation to buy, sell, or hold that security or any other instrument, nor should it 
be considered investment advice.

Options
Options involve risk and are not suitable for all market participants. Prior to buying or selling an option, a person should review the Characteristics and Risks of Standardized 
Options (ODD), which is required to be provided to all such persons. Copies of the ODD are available from your broker or from The Options Clearing Corporation, 125 S. 
Franklin Street, Suite 1200, Chicago, IL 60606.

Trading FLEX options may not be suitable for all options-qualified market participants. FLEX options strategies only should be considered by those with extensive prior 
options trading experience.

Uncovered option writing is suitable only for the knowledgeable market participant who understands the risks, has the financial capacity and willingness to incur potentially 
substantial losses, and has sufficient liquid assets to meet applicable margin requirements. In this regard, if the value of the underlying instrument moves against an 
uncovered writer’s options position, the writer may incur large losses in that options position and the participant’s broker may require significant additional margin 
payments. If a market participant does not make those margin payments, the broker may liquidate positions in the market participant’s account with little or no prior notice 
in accordance with the market participant’s margin agreement.

Futures
Futures trading is not suitable for all market participants and involves the risk of loss, which can be substantial and can exceed the amount of money deposited for a futures 
position. You should, therefore, carefully consider whether futures trading is suitable for you in light of your circumstances and financial resources. You should put at risk only 
funds that you can afford to lose without affecting your lifestyle.

For additional information regarding the risks associated with trading futures and security futures, see respectively the Risk Disclosure Statement set forth in Appendix A to 
CFTC Regulation 1.55(c) and the Risk Disclosure Statement for Security Futures Contracts.

VIX® Index and VIX® Index Products
The Cboe Volatility Index® (known as the VIX Index) is calculated and administered by Cboe Global Indices, LLC. The VIX Index is a financial benchmark designed to be a 
market estimate of expected volatility of the S&P 500® Index, and is calculated using the midpoint of quotes of certain S&P 500 Index options as further described in the 
methodology, rules and other information here.

VIX futures and Mini VIX futures, traded on Cboe Futures Exchange, LLC, and VIX options, traded on Cboe Options Exchange, Inc. (collectively, “VIX® Index Products”), are 
based on the VIX Index. VIX Index Products are complicated financial products only suitable for sophisticated market participants.

Transacting in VIX Index Products involves the risk of loss, which can be substantial and can exceed the amount of money deposited for a VIX Index Product position (except 
when buying options on VIX Index Products, in which case the potential loss is limited to the purchase price of the options).

Market participants should put at risk only funds that they can afford to lose without affecting their lifestyles.

Before transacting in VIX Index Products, market participants should fully inform themselves about the VIX Index and the characteristics and risks of VIX Index Products, 
including those described here. Market participants also should make sure they understand the product specifications for VIX Index Products (VIX futures , Mini VIX futures 
and VIX options) and the methodologies for calculating the underlying VIX Index and the settlement values for VIX Index Products. Answers to questions frequently asked 
about VIX Index products and how they are settled is available here.

Not Buy and Hold Investment: VIX Index Products are not suitable to buy and hold because:

• On their settlement date, VIX Index Products convert into a right to receive or an obligation to pay cash.
• The VIX Index generally tends to revert to or near its long-term average, rather than increase or decrease over the long term.

Volatility: The VIX Index is subject to greater percentage swings in a short period of time than is typical for stocks or stock indices, including the S&P 500 Index.

Expected Relationships: Expected relationships with other financial indicators or financial products may not hold. In particular:

• Although the VIX Index generally tends to be negatively correlated with the S&P 500 Index – such that one tends to move upward when the other moves downward and 
vice versa – that relationship is not always maintained.

• The prices for the nearest expiration of a VIX Index Product generally tend to move in relationship with movements in the VIX Index. However, this relationship may be 
undercut, depending on, for example, the amount of time to expiration for the VIX Index Product and on supply and demand in the market for that product.

• Mini VIX futures contracts trade separately from regular-sized VIX futures, so the prices and quotations for Mini VIX futures and regular-sized VIX futures may differ 
because of, for example, possible differences in the liquidity of those markets.

Final settlement Value: The method for calculating the final settlement value of a VIX Index Product is different from the method for calculating the VIX Index at times other 
than settlement, so there can be a divergence between the final settlement value of a VIX Index Product and the VIX Index value immediately before or after settlement. (See 
the SOQ Auction Information section here for additional information.)

Exchange Traded Products (“ETPs”)
Cboe does not endorse or sell any ETP or other financial product, including those investment products that are or may be based on a Cboe index or methodology or on a 
non-Cboe index that is based on investment products trading on a Cboe Company exchange (e.g., VIX futures); and Cboe makes no representations regarding the advisability 
of investing in such products. An investor should consider the investment objectives, risks, charges, and expenses of these products carefully before investing. Investors also 
should carefully review the information provided in the prospectuses for these products.

Investments in ETPs involve risk, including the possible loss of principal, and are not appropriate for all investors. Non-traditional ETPs, including leveraged and inverse ETPs, 
pose additional risks and can result in magnified gains or losses in an investment. Specific risks relating to investment in an ETP are outlined in the fund prospectus and 
may include concentration risk, correlation risk, counterparty risk, credit risk, market risk, interest rate risk, volatility risk, tracking error risk, among others. Investors should 
consult with their tax advisors to determine how the profit and loss on any particular investment strategy will be taxed.

https://www.theocc.com/Company-Information/Documents-and-Archives/Publications
https://www.theocc.com/Company-Information/Documents-and-Archives/Publications
https://cdn.cboe.com/resources/general/Appendix_A_to_CFTC_Regulation_1.55(c).pdf
https://cdn.cboe.com/resources/general/Appendix_A_to_CFTC_Regulation_1.55(c).pdf
https://www.nfa.futures.org/members/member-resources/files/security-futures-disclosure.pdf
https://www.cboe.com/us/indices/governance/
https://www.cboe.com/tradable_products/vix/vix_futures/specifications/
https://cdn.cboe.com/resources/futures/VXM_Contract_Specifications.pdf
https://www.cboe.com/tradable_products/vix/vix_options/specifications/
https://www.cboe.com/tradable_products/vix/faqs/#1
https://www.cboe.com/tradable_products/vix/faqs/#1


Cboe Strategy Benchmark Indices
Cboe Strategy Benchmark Indices are calculated and administered by Cboe Global Indices, LLC as described in the methodologies, rules and other information available 
here using information believed to be reliable, including market data from exchanges owned and operated by other Cboe Companies.

Strategy Benchmark Indices are designed to measure the performance of hypothetical portfolios comprised of one or more derivative instruments and other assets used as 
collateral. Past performance is not indicative of future results. Strategy Benchmark Indices are not financial products that can be invested in directly, but can be used as the 
basis for financial products or managing portfolios.

The actual performance of financial products such as mutual funds or managed accounts can differ significantly from the performance of the underlying index due to 
execution timing, market disruptions, lack of liquidity, brokerage expenses, transaction costs, tax consequences and other considerations that may not be applicable to the 
subject index. Index and Benchmark Values Prior to Launch Date

Index and benchmark values for the period prior to an index’s launch date are calculated by a theoretical approach involving back-testing historical data in accordance 
with the methodology in place on the launch date (unless otherwise stated). A limitation of back-testing is that it reflects the theoretical application of the index or 
benchmark methodology and selection of the index’s constituents in hindsight. Back-testing may not result in performance commensurate with prospective application of 
a methodology, especially during periods of high economic stress in which adjustments might be made. No back-tested approach can completely account for the impact 
of decisions that might have been made if calculations were made at the same time as the underlying market conditions occurred. There are numerous factors related to 
markets that cannot be, and have not been, accounted for in the preparation of back-tested index and benchmark information.

Taxes
No Cboe Company is an investment adviser or tax advisor, and no representation is made regarding the advisability or tax consequences of investing in, holding or selling 
any financial product. A decision to invest in, hold or sell any financial product should not be made in reliance on any of the statements or information provided. Market 
participants are advised to make an investment in, hold or sell any financial product only after carefully considering the associated risks and tax consequences, including 
information detailed in any offering memorandum or similar document prepared by or on behalf of the issuer of the financial product, with the advice of a qualified 
professional investment adviser and tax advisor.

Under section 1256 of the Tax Code, profit and loss on transactions in certain exchange-traded options and futures are entitled to be taxed at a rate equal to 60% long-term 
and 40% short-term capital gain or loss, provided that the market participants involved and the strategy employed satisfy the criteria of the Tax Code. Market participants 
should consult with their tax advisors to determine how the profit and loss on any particular option or futures strategy will be taxed. Tax laws and regulations change from 
time to time and may be subject to varying interpretations.

General
Past performance of an index or financial product is not indicative of future results.

Brokerage firms may require customers to post higher margins than any minimum margins specified.

No data, values or other content contained in this document (including without limitation, index values or information, ratings, credit-related analyses and data, research, 
valuations, strategies, methodologies and models) or any part thereof may be modified, reverse-engineered, reproduced or distributed in any form or by any means, or 
stored in a database or retrieval system, without the prior written permission of Cboe.

Cboe does not guarantee the accuracy, completeness, or timeliness of the information provided. THE CONTENT IS PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, 
EITHER EXPRESS OR IMPLIED, INCLUDING, WITHOUT LIMITATION, ANY WARRANTY WITH RESPECT MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

Hypothetical scenarios are provided for illustrative purposes only. The actual performance of financial products can differ significantly from the performance of a hypothetical 
scenario due to execution timing, market disruptions, lack of liquidity, brokerage expenses, transaction costs, tax consequences and other considerations that may not be 
applicable to the hypothetical scenario.

Supporting documentation for statements, comparisons, statistics or other technical data provided is available by contacting Cboe at www.cboe.com/Contact.

The views of any third-party speakers or third-party materials are their own and do not necessarily represent the views of any Cboe Company. That content should not be 
construed as an endorsement or an indication by Cboe of the value of any non-Cboe financial product or service described.

The inclusion of research not conducted or explicitly endorsed by Cboe should not be construed as an endorsement or indication of the value of that research.

Trademarks and Intellectual Property
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