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1 Version History

Version | Date Issued | Summary of Change Owner
V1.0 9 Apr 2024 N/A CF Benchmarks
Management
V1.1 16 May 2024 | Added Section 7 methodology CF Benchmarks
review and changes Compliance
V1.2 16 May 2024 | Addition of Contingency CF Benchmarks
Calculation Rules concerning: Management
» Delayed Data
 Erroneous Data
« Potentially Erroneous Data
» Expert Judgement
» Calculation Failure
Clarified reference to
“CF SPOT RATES” methodology
Updated Notice and Disclaimer
V1.3 02 Jul 2025 | Added Micro Bitcoin Futures and | CF Benchmarks
Micro Bitcoin Options Contract Management
to Relevant Order Book
V1.4 24 Oct 2025 | Rebranded to CME CF Bitcoin CF Benchmarks
Volatility Index - Real Time Management
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The CME CF Bitcoin Volatility Index - Real Time (BVX) represents a single, real-time
measure of implied volatility in the CME Bitcoin Options market. It is a forward-
looking measure, indicating how dispersed price movements in the underlying asset
may be over a given time horizon. Volatility indices in this class are often referred
to as fear gauges given how they capture the stress embedded in options markets
based on what market participants price into options contracts.

The CME CF Bitcoin Volatility Index - Real Time is constructed using tradable prices
of options contracts available on CME, where price discovery is facilitated by the
GLOBEX central limit order book system and transactions are centrally cleared.

The index calculation methodology is based on the pricing of variance swaps to iso-
late exposure to volatility of an asset, independent of the price evolution of Bitcoin
prices. The weighting method of option prices based on their strikes matches the
standard market approach of creating a replicating portfolio of traded options to
match the payoff of a volatility swap. This allows for the creation of volatility index
derivatives with constant vega over a wide span of market movements of the under-
lying asset.

Underlying Economic Reality

The CME CF Bitcoin Volatility Index is intended to measure the underlying economic
reality of creating a weighted portfolio of CME Bitcoin options contracts with a view
to replicating the payoff of a Bitcoin volatility swap. A volatility swap is an OTC traded
financial instrument that allows an investor to gain direct linear exposure to Bitcoin
volatility over a given time horizon, priced relative to a fair volatility strike defined
at inception of the trade. The fair volatility strike is calculated by combining option
contracts of different strike prices to produce a constant vega (volatility) exposure in
the overall portfolio. This calculation is accomplished by the use of order input data
from the CME that facilitate the trading of said options contracts
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API: Application programming interface.
Front Contract: CME Bitcoin Futures contract which is closest to its expiry date.

Next Contract: CME Bitcoin Futures contract with expiry date after the Front Con-
tract expiry date.

Next+1 Contract: CME Bitcoin Futures contract with expiry date immediately follow-
ing the Next Contract expiry date.

Expiry Day: The last Friday of the Front Contract’s month. If this is not either a UK or
a U.S. business day, the contract expiry day will take place on the immediately
preceding business day which is either a UK or a U.S. business day.

Expiry Datetime: 4:00 pm London on the Expiry Day.

Calculation Time: Any time as of which the CME CF Bitcoin Volatility Index - Real
Time is published.

Relevant Order Book: The universe of the currently unmatched limit orders to buy or
sell a unit of a given CME Bitcoin Futures, Micro Bitcoin Futures, CME Bitcoin Op-
tions contract, or CME Micro Bitcoin Options contract, aggregated by price, that
is reported through its API to the Calculation Agent.

Retrieval Time: Thetime, as given by the server clock of the Calculation Agent, which
the Relevant Order Book corresponds to. When obtained from a request/response
API such as a REST API, this would be the time of the request made by the Cal-
culation Agent through the API. When obtained from a real-time feed such as a
Websocket API, this would be the most recent time as of which the Calculation
Agent has a valid Order Book from an unbroken connection.
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The CME CF Bitcoin Volatility Index - Real Time is constructed using orderbook data
from CME Bitcoin Futures and CME Options on Bitcoin Futures and Micro Bitcoin Fu-
tures. The index is calculated using a widely accepted standard variance swap repli-
cation technique, whereby option price data from different strikes and expiration
dates is converted into a fair, constant maturity measure of Bitcoin volatility.

The steps in the calculation of the index are as follows:

1. Collate the list of relevant CME Futures and Options contracts on Bitcoin Fu-
tures and Micro Bitcoin Futures for the relevant calculation time and collect the
corresponding orderbook data.

2. Consolidate the relevant CME Futures and Options contracts on Bitcoin Futures
and Micro Bitcoin Futures by aggregating liquidity at identical strike prices and
expiration dates, with all contract quantities normalized to BTC-equivalent no-
tional amounts.

3. Calculate Spot Rates for every CME Futures and Options contract.

4. Select final list of option prices after filtering for erroneous data and liquidity
thresholds.

5. Strip a US Dollar yield curve and calculate interest rates for a maturity equivalent
to the time to expiry of the relevant options contracts.

6. Calculate the front and next term fair variance strikes, then interpolate linearly
for the 30-day constant maturity Bitcoin Volatility Index.

The CME CF Bitcoin Volatility Index - Real Time at Effective Time is calculated as a 30-
day constant maturity fair variance strike by way of linear interpolation of variance
strikes calculated based on options pricing data of the two closest expirations' traded
on CME Globex. The variance o2 for the relevant expiration dates n = {1,2} — where
expiration date 1 immediately precedes the 30-day maturity and expiration date 2
immediately follows it — are calculated as follows:

2 AK, , 1 F, ?
= et Y SR ) — <— _ 1) )

n
n n

'See Demeterfi et al. (1999)
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Using the fair variance strikes calculated in Eq. 1, the CME CF Bitcoin Volatility Index
- Real Time is then determined by:

Sy— 38 Sey — S S
=100 2 22 ZCOM o DOM A 2
O-BVX,t X \/(Ul 1 SZ_Sl +02 2 S2 _Sl X SCM ( )
where:
Symbol Name Description Type
t Effective Time | The time as of which a CME CF Parameter
Bitcoin Volatility Index - Real
Time value is calculated.
S, Seconds to Number of seconds between the | Output
maturity Effective Time and the nth expiry
date.
Seom Seconds to Number of seconds in 30 days, Input
constant calculated as: 30 x 24 x 60 x 60.
maturity
S Seconds per Number of seconds in a 365-day | Input
annum year, calculated as:
365 x 24 x 60 x 60.
T, Years to The time to maturity of the Output
maturity relevant futures or options
contract with the nth expiry
date, calculated as: g—z
T Interest rate The interest rate on the nth Output
expiration date as defined by the
US Dollar yield curve (see
Section 4.5).
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AK. Strike interval

The difference between strikes
relevant to strike K, for the nth
expiry date, calculated as:

- Highest out-of-the-money
strike: K, — K, 4

« Lowest out-of-the-money
strike: K, ; — K
- For all other K;: %

For the avoidance of doubt: all
relevant option contracts for the
nth expiry date are ordered by
strike K in ascending order;
subscript i denotes the position
of the individual option within
that ordered list.

Output

Karnrn ATM strike

The at-the-money strike of the
options contract with the nth
expiry date.

Output

OKom Implied
volatility

The implied volatility of the
call/put option with strike K and
expiry n.

Output

Q(K,) Option spot
price

The spot price of the options
contract with strike K and the
nth expiry date, calculated at
time t. The spot price

Q(K 47, 18 calculated as the
average of the ATM Put and
ATM Call option prices.

Output

F Futures spot
price

The spot price of the futures
contract with the nth expiry
date, calculated at time ¢.

Output

With regards to the selection of contract expiration dates to create the constant-
maturity index, the Front Contract can only be used in the calculation up to the
Front Contract Inclusion Threshold (as defined in Section 6) ahead of the expiration
date of the contract, due to erratic price movements and illiquidity near expiry. After
that date, the front contracts are ignored, and the next and next+1 contract expiration
dates are used to interpolate the 30-day index. For the avoidance of doubt, since the
index maturity is set at 30 days and the year convention is 365 days, the constant
time to maturity in years is calculated as: 2% ~ 0.082192 years.

365
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Spot Prices for CME Bitcoin Futures Contracts and CME Bitcoin Option Contracts
are calculated as per the “CF SPOT RATES” methodology Section 4 available here.
The relevant set of parameters used for calculating Spot Prices of both options and
futures contracts for the calculation of the CME CF Bitcoin Volatility Index - Real Time
are listed in section 6 of this methodology.

As aninitial step, all available option contracts with an expiry equal to either the expiry
date of the front contract or the next contract are selected. The strikes available for
trading on any given trading day can be viewed on the CME website here.

For each of the two relevant expiry dates individually, a set of options is selected
based on the following steps:

1. Determine the at-the-money (ATM) strike: The ATM strike is calculated as the
strike which is nearest to the Spot Price of the futures contract with matching
expiry date, calculated at the same Effective Time as the relevant option con-
tracts.

2. Remove all Put options with strikes greater than the ATM, and remove all Call
options with strikes smaller than the ATM.

3. From this filtered list, remove any option contract with a Delta (BD) that is smaller
than the Delta Threshold (as defined in Section 6). Option contracts with very
low Deltas are considered to be too volatile and pricing information too unreli-
able for inclusion in the index calculation. The Delta is calculated as follows for
Call (C) and Put (P) options respectively:

BDC,k,n - N(dl)

BDP,k:,n - abs(N(dl) - ].) (3)
() +oh s

Uk,n V Tn

dlk,n —

where N() is the cumulative standard normal distribution function and the implied
volatility o, ,, is computed algorithmically using Brent's method? to find the root of
the following function:

2see Brent (1973)

Page 9 of 20 | © CF Benchmarks Ltd. All rights reserved.


https://docs.cfbenchmarks.com/CF%20Spot%20Rate%20Methodology%20Guide.pdf
https://www.cmegroup.com/markets/cryptocurrencies/bitcoin/bitcoin.quotes.options.html#optionProductId=8875

benchmarks

a MKraken company

f(okm) = BlackPrice, ; ,, — Q(K,)
e " [F,N(d1,,,) — K,N(d2;,)], if option type is Call
e "nTn[K, N(—d2,,)— F,N(—dl,,)], ifoption type is Put

d2k:,n - dlk:,n —OknV Tn

BlackPrice, y, , = {

(4)

4. From this filtered list, remove any option contract that has two (2) consecutive
option strikes on both sides of said option with zero Spot Prices. For example,
if the Put option with strike price 10,000 has a viable Spot Price, but the Spot
Prices of Put options with strikes 9,000, 9,500, 10,500, and 11,000 all have zero
Spot Prices, then the Spot Price of the 10,000 Put option is set to zero. Therefore,
this option price does not influence the calculation of the BVIX for the respective
calculation time.

The set of options selected using above steps comprise the constituent options for
the volatility index calculation.

The risk-free interest rate is calculated based on a US Dollar yield curve interpolated
from the Secured Overnight Financing Rate (SOFR) and U.S. Treasury yield curve
rates. The yield curve is calculated once a day at 4 pm London time based on the lat-
est publications of both input rates (from the Federal Reserve and the U.S. Treasury)
website.

Given that the BVX index calculation methodology described in Section 4.2 is based
on a continuous time framework, the yield curve must consist of continuously com-
pounded rates. Both SOFR rates and Constant Maturity Treasury (CMT) yields (i.e.,
bond equivalent yields — BEY) are therefore converted to annualised percentage
yields (APY), and subsequently to continuously compounded rates. Finally, the rates
are linearly interpolated to form the final risk-free yield curve.

The continuously compounded (CC) interest rates at calculation time ¢ are calculated
as follows (for tenor T in the case of Treasury rates):
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SOFR,\>%® 365
)a = | 1 t) -
SOFRoc, n(( * 7360 ) 360

BEY, ;\>\ 365
TYCC,t,TZIn(<1+ 5 ’ ) ) X%

The SOFR and Treasury (TY) rates calculated using Eq. 5 are used to construct the
US Dollar yield curve at Effective Time t by way of linear interpolation. The day count
convention applied in the calculation of the US Dollar yield curve is UK Money Mar-
ket ACT/365. Overnight is treated as one actual day.

(5)

4.6 Publication

The CME CF Bitcoin Volatility Index - Real Time (BVX) is calculated and published
every second on any given Index Calculation Day, subject to Contingency Calculation
Rules. The final index is rounded to two decimal places.

Index Calculation Days are defined as days on which the CME is open for CME Bit-
coin Futures and CME Bitcoin Options trading and Settlement Rates for the same
instruments are published.
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5 Contingency Calculation Rules

5.1 Delayed Data

If the Retrieval Time of a Relevant Order Book is at least 30 seconds older than the
Calculation Time, it is disregarded in the index calculation. If this applies to all Rel-
evant Order Books observed at the Calculation Time, Calculation Failure occurs for
that Calculation Time (see Section 5.5).

5.2 Erroneous Data

All Relevant Order Books are subject to an automated screening for erroneous data
according to the following rules:

1. If the format of a Relevant Order Book deviates from the expected format such
that it cannot be parsed, it is flagged as erroneous.

2. If the Relevant Order Book contains no bid orders or no ask orders, it is flagged
as erroneous.

3. If the Relevant Order Book crosses, it is flagged as erroneous.

4. If aRelevant Order Book contains any entries with a non-numeric or non-positive
limit price or size then any such entries are flagged as erroneous.

All entries in a Relevant Order Book which are flagged as erroneous for a given Cal-
culation Time are disregarded in the calculation of the respective Spot Price for that
Calculation Time. If all entries in a Relevant Order Book are flagged as erroneous,
then the Spot Price of the corresponding contract is marked as zero and deemed not
viable for the given Calculation Time.

If all Relevant Order Books are flagged as erroneous for a given Calculation Time,
Calculation Failure occurs for that Calculation Time (see Section 5.5)

5.3 Potentially Erroneous Data

Allinput data used for index calculation purposes are subject to an automated screen-
ing for potentially erroneous data according to the following rules:

1. If no viable Spot Price can be calculated at the Effective Time for a given Futures
or Options contract, the most recent viable Spot Price of the respective contract
observed within no more than 10 seconds prior to the Effective Time will be used
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as the Spot Price. If there is no viable Spot Price within 10 seconds before the
Effective Time, then the Spot Price of the corresponding contract is marked as
zero and deemed not viable for the given Calculation Time.

2. At least two (2) out-of-the-money strikes with viable Spot Prices on both sides
of the at-the-money strike are required for the index to be calculated. If this is
not the case for any given Calculation Time, the current Spot Price data linked
to Options Order Books will be deemed to be potentially erroneous and ignored
in the index calculation. Instead, the most recently published CME CF Bitcoin
Volatility Index - Real Time Value will be republished as long as the most recently
published index value has a timestamp no older than 10 seconds before the Ef-
fective time. Otherwise, an Index Calculation Failure occurs for that Calculation
Time.

3. If the required tenors on the US Dollar yield curve cannot be determined, ei-
ther because the data is unavailable through the respective APIs or there is holi-
day calendar mismatch between Fed/Treasury and CME, then the most recently
available yield curve will be used. If there is no available yield curve for two (2)
consecutive index calculation days, an Index Calculation Failure occurs for that
Calculation Time.

The Administrator does not utilise expert judgment in the day to day calculation of
the Spot Rates. In extraordinary circumstances Expert Judgement may be exercised
by the Administrator in accordance with its codified policies and processes which
are available upon request.

If the CME CF Bitcoin Volatility Index - Real Time cannot be calculated for a given
Calculation Time, for instance because:

« the Retrieval Times of all Relevant Order Books are at least 30 seconds older
than the Calculation Time, or

« there is no viable Spot Price for futures and options, or no available yield curve,
or

« any other reason or circumstance that prevents the orderly calculation of the
CME CF Bitcoin Volatility Real Time index,

then the CME CF Bitcoin Volatility Index - Real Time for that Calculation Time is not
published. The occurrence of any calculation failure is reported to CF management
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and persistent failure will lead to a review of the methodology.
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6 Parameters

Parameter Specification

Constituent Exchange CME Globex

Effective Time (?) Approximately every second of every Index

Calculation Day
1
Lambda ()\) 037,
Futures Contracts Options Contracts
Spacing (s) 1 1
Deviation from Mid (D) 1% 10%
Order Size Cap None None
Delta Threshold Not applicable 0.05 (also known as
5 Delta)

Front Contract Inclusion 3 calendar days (3 x 24 x 60 x 60 seconds)
Threshold
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7 Methodology Review and Changes

This methodology is subject to internal review by the Administrator and the CF Cryp-
tocurrency Index Family Oversight Function (“Oversight Function”) at least annually.

Any changes to this methodology are overseen by the Oversight Function, and in
accordance with UK BMR Article 13.

All material changes to the methodology shall only be implemented after a consulta-
tion process with users and relevant stakeholders that shall be conducted according
to the Administrator’s policies and overseen by the Oversight Function.

Should the Administrator deem it necessary to cease providing the Index it shall only
do so after a consultation process with users and relevant stakeholders that shall be

conducted according to the Administrator’s policies and overseen by the Oversight
Function.
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Contact Information

CF Benchmarks Ltd
Address Contact
CF Benchmarks Ltd Web:
https://www.cfbenchmarks.com
6th Floor Phone:
One London Wall +44 20 8164 9900
London Email:
EC2Y 5EB contact@cfbenchmarks.com

Formal complaints or concerns regarding CME CF Cryptocur-
rency Pricing Products must be submitted by Email: com-
plaints@cfbenchmarks.com

Further details can be found on https://blog.cfbenchmarks.com/about/

Page 17 of 20 | © CF Benchmarks Ltd. All rights reserved.


https://www.cfbenchmarks.com
mailto:contact@cfbenchmarks.com
mailto:complaints@cfbenchmarks.com
mailto:complaints@cfbenchmarks.com
https://blog.cfbenchmarks.com/about/

Disclaimer & Disclosures

« This information is provided by CF Benchmarks Ltd.

« CF Benchmarks Ltd (‘CF Benchmarks”) is a limited company registered in
England and Wales under registered number 11654816 with its registered office
at 6th Floor One London Wall, London, United Kingdom, EC2Y 5EB.

« CF Benchmarks is authorised and regulated by the Financial Conduct Authority
(FCA) as a Registered Benchmark Administrator (FRN 847100) under the UK
Benchmarks Regulation.

« CF Benchmarks is authorised to undertake the following regulated activity
‘Administering a Benchmark.” Administering a Benchmark” is a regulated
activity under article 63S of the Financial Services and Markets Act 2000
(Regulated Activities Order) 2001 (SI 2001/544) (RAO), which, in summary,
means acting as the administrator of a benchmark as defined in article 3.1(3) of
the benchmark regulation.

« CF Benchmarks is NOT a registered investment advisor and does NOT provide
investment, tax, legal, or accounting advice in any geographical locations. You
should consult your own financial, tax, legal, and accounting advisors or
professionals before engaging in any transaction or making an investment
decision.

« All information contained within, including recordings, is for educational and
informational purposes ONLY. None of the Information constitutes an offer to
sell (or a solicitation of an offer to buy) any cryptoassets, security, financial
product, or other investment vehicle or any trading strategy. No member of CF
Benchmarks nor their respective directors, officers, employees, partners, or
licensors provide investment advice, and nothing contained herein or
accessible through CF Benchmarks products, including statistical data and
industry reports, should be taken as constituting financial or investment advice
or a financial promotion.

+ Information containing any historical information, data, or analysis should not
be taken as an indication or guarantee of any future performance, analysis,
forecast, or prediction. Past performance does not guarantee future results.
The Information should not be relied on and is not a substitute for the skill,
judgment, and experience of the user, its management, employees, advisors,
and/or clients when making investment and other business decisions. All
Information is impersonal and not tailored to the needs of any person, entity, or
group of persons.



« Charts and graphs are provided for illustrative purposes only. Index returns
shown may not represent the results of the actual trading of investable
assets/securities.

« The Information may contain back-tested data. Back-tested performance is not
actual performance but is hypothetical. There are frequently material
differences between back-tested performance results and actual results
subsequently achieved by any investment strategy. The back-test calculations
are based on the same methodology that was in effect when the index was
officially launched. However, back-tested data may reflect the application of
the index methodology with the benefit of hindsight, and the historic
calculations of an index may change based on revisions to the underlying
economic data used in the calculation of the index.

« All information and data contained in this publication is obtained by CF
Benchmarks from sources believed by it to be accurate and reliable. Because
of the possibility of human and mechanical error as well as other factors,
however, such information and data is provided ‘as is” without warranty of any
kind.

« No member of CF Benchmarks nor their respective directors, officers,
employees, partners, or licensors make any claim, prediction, warranty, or
representation whatsoever, expressly or impliedly, either as to the accuracy,
timeliness, completeness, merchantability of any information or of results to be
obtained from the use of any CF Benchmarks products.

« No responsibility or liability can be accepted by any member of CF Benchmarks
nor their respective directors, officers, employees, partners, or licensors for

1. any loss or damage in whole or in part caused by, resulting from, or relating
to any error (negligent or otherwise) or other circumstance involved in
procuring, collecting, compiling, interpreting, analyzing, editing,
transcribing, transmitting, communicating, or delivering any such
information or data or from use of this document or links to this document;
or

2. any direct, indirect, special, consequential, orincidental damages
whatsoever, even if any member of CF Benchmarks is advised in advance
of the possibility of such damages, resulting from the use of, or inability to
use, such information.



« The user of the Information assumes the entire risk of any use it may make or
permit to be made of the Information. CF BENCHMARKS DOES NOT MAKE
ANY EXPRESS OR IMPLIED WARRANTIES OR REPRESENTATIONS WITH
RESPECT TO THE INFORMATION (OR THE RESULTS TO BE OBTAINED BY THE
USE THEREOF), AND TO THE MAXIMUM EXTENT PERMITTED BY APPLICABLE
LAW, IT EXPRESSLY DISCLAIMS ALL IMPLIED WARRANTIES (INCLUDING,
WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF ORIGINALITY,
ACCURACY, TIMELINESS, NON-INFRINGEMENT, COMPLETENESS,
MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE) WITH
RESPECT TO ANY OF THE INFORMATION.

« No part of this information may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means—electronic, mechanical,
photocopying, recording, or otherwise—without prior written permission of CF
Benchmarks Ltd. Any use of or access to products, services, or information of
CF Benchmarks Ltd requires a licence from CF Benchmarks Ltd or its
authorized licensing agents.

- CF Benchmarks is a member of the Crypto Research group of companies,
which is in turn a member of the Payward group of companies. Payward, Inc. is
the owner and operator of Staked, a provider of block production and
validation nodes for decentralized PoS protocols on behalf of institutional
investors. Staked.us is a source of input data for the CF Staking Series.
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