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Introduction 

The Bitcoin Market and its unique attributes 

Trading in the global bitcoin market is very distinct from that the manner in which traditional 

asset classes are traded. Firstly, the global bitcoin market trades 24/7/365 by virtue of the 

primary venues for trading being cryptocurrency exchanges that operate on this basis and the 

over-the-counter market (OTC) that has grown around the exchange markets largely following 

suit.  

In the traditional asset class markets only trade during business hours on business days, even the 

FX market can only be said to operate 24/6 and the different crosses are only liquid for portions 

of the day. Equity exchanges are open for trading during local business hours on business days 

only. Fixed Income and Credit markets are de-facto tied to banking business hours and days by 

virtue of the central role played by banks in these markets. 

The next major difference is that Bitcoin trading takes place in a distributed manner, there are 

over 200 cryptocurrency exchanges that purport to offer markets for the trading of Bitcoin. 

Whilst some of these 200 may not in reality host very much actual trading there clearly are 

multiple cryptocurrency exchanges where significant volumes are traded, and these form the 

core of the market. Around this core there are also over the OTC markets operated by dealers- 

many of whom are institutions that also operate OTC markets in traditional financial assets.  

In the traditional asset classes trading either takes place on regulated venues such as stock 

exchanges or through OTC markets facilitated by messaging systems such as Bloomberg and 

Refinitiv Eikon. In all cases there is a high degree of centralisation in the way that trading is 

conducted and combined with the fact that the markets operate during business hours on 

business days this means that traditional assets see a concentration of trading and hence 

liquidity when the markets are open. By contrast the distributed nature of trading and 24/7 

markets mean that Bitcoin trading lacks this concentration effect, which poses some unique 

challenges when one attempts to construct financial products with bitcoin as the underlying 

investment.  

Bitcoin Financial products   

There are a limited number of regulated financial products where Bitcoin is the underlying 

investment but this is set to grow with the Australian market being closely watched since the 

Australian Securities and Investment Commission (ASIC) released its guidance on Crypto-asset 

ETPs in Australia.  

One of the challenges to designing and managing bitcoin financial products is the actual 

determination of the price of Bitcoin. Indeed. this problem was recognised by ASIC in its 

formulation of requirements for Crypto-asset ETPs there were specific provisions made for 

Robust and Transparent Pricing Mechanisms that were set out in its consultation “CP 343 
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Crypto-assets as underlying assets for ETPs and other investment products”. Due to the 24/7 

distributed nature of trading that we have discussed there are no obvious starting points for 

where to observe pricing data from nor are there obvious points in the day from when do so. 

Specifically, for an ETP listed in Australia the time of day to observe the price of Bitcoin and 

hence strike the net asset value (NAV) for the ETP becomes a very interesting question.  

When is the right time to strike? 

Traditionally for Australian equity ETPs net asset values (NAVs) are determined or “struck” by 

using closing prices in the cash equity markets, ETP issuers can replicate the prices in their 

trading for the ETP by using “market-on-close” orders for fulfilling any trading of underlying 

assets that may be required. This mechanism helps reduce any tracking error for the ETP and 

ensures that APs have price certainty for their creations and redemptions, which in turn means 

they can quote tight spreads for secondary trading of the ETP shares. 

For ETPs holding international equities or commodities the NAV strike will usually occur at the 

respective close of the underlying markets, meaning that the NAV strike occurs well after the 

Australia ETP market close as these underlying markets are usually in London or the US. 

Given Bitcoin trades 24/7 in a distributed manner it isn’t so easy to be definitive as to when NAV 

strike should take place for a Bitcoin ETP listed in Australia. 

Should the strike synchronise with the Australian equity market close at 1600 Sydney or should it 

occur at a different time, one that reflects an international standard? Whilst there are not as yet 

any recognised international standards for the Bitcoin market we can employ the reasoning that 

ASIC has employed in devising its INFO 230 Requirements for Crypto-asset ETPs. At the highest 

level of the requirements ASIC has defined Crypto-assets that are eligible for ETPs to be those 

for which “there is a regulated futures market for trading derivatives linked to the crypto-

asset”. To date the only regulated futures market for trading derivatives linked to Crypto-assets 

are the markets operated by CME Group. 

CME Group lists futures and options contracts for Bitcoin. These contracts are respectively cash 

settled against an index; the CME CF Bitcoin Reference Rate, a benchmark price for Bitcoin that is 

calculated and published at 1600 London time every day by the authors of this paper. 

The CME CF Bitcoin Reference Rate 

The CME CF Bitcoin Reference Rate (BRR) is a once-a-day benchmark index price for Bitcoin 

denominated in US Dollars. Input data is obtained from major cryptocurrency exchanges that 

conform to the CME CF Constituent Exchange Criteria. Calculated every day since its launch on 

14th November 2016, the BRR is a highly trusted source of Bitcoin pricing and the pre-eminent 

price benchmark for Bitcoin risk settlement being a Registered Benchmark under the European 

Union’s Benchmark Regulation regime. The BRR is the settlement index for futures and options 

contracts listed by CME Group and the Crypto Facilities MTF, as well as being the pricing source 
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for NAV/iNAV determinations for regulated investment products offered by major financial 

institutions including WisdomTree Europe, Evolve ETFs and QR Asset Management. 

Calculation Methodology 

The BRR calculation methodology aggregates transactions of Bitcoins in U.S. dollars that are only 

conducted on the most liquid markets for which data is publicly available and operated by 

exchanges that meet the CME CF Constituent Exchange Criteria.  

The list of Constituent Exchanges and information about changes to its composition are available 

at the following URL:  

www.cfbenchmarkscom/docs/CME+CF+Constituent+Exchanges+Criteria.pdf  

The full methodology is also available: 

www.cfbenchmarks.com/docsCME+CF+Constituent+Exchanges+Criteria.pdf  

The methodology can be summarised thus: 

• Transactions conducted on Constituent Exchanges are observed during a one-hour 

window from 15.00 to 16.00 London Time 

• The one-hour window is divided into 12 partitions of equal length (five minutes each) 

• For each partition, a volume-weighted median (VWM) is calculated  

• The index value is expressed as the arithmetic mean of the 12 VWMs calculated in the 

previous step 

Benchmark integrity through data selection 

CF Benchmarks exclusively sources input data from Constituent Exchanges that meet published 

criteria as set out in its Constituent Exchanges Criteria. The criteria are available at this link: 

https://docs-cfbenchmarks.s3.amazonaws.com/CF+Constituent+Exchanges+Criteria.pdf 

Particular attention is drawn to the following statement from the Constituent Exchanges Criteria 

document (part 3 of Section 5, page 4: ‘Eligibility Criteria’):  

 

“The venue has published policies to ensure fair and transparent market conditions at all times and 

has processes in place to identify and impede illegal, unfair or manipulative trading practices.” 

 

CF Benchmarks ascertains the presence of fair and transparent market conditions and processes 

to identify and impede illegal, unfair or manipulative practices by conducting a thorough review 

of any exchange under consideration for inclusion as a Constituent Exchange. The arrangements 

of all Constituent Exchanges are reviewed annually to ensure that they continue to meet all criteria. 

This due diligence is documented, and the information is distributed to CF Benchmarks’ oversight 

committees and provided to its regulator, the UK Financial Conduct Authority (FCA).  

 

http://www.cfbenchmarkscom/docs/CME+CF+Constituent+Exchanges+Criteria.pdf
http://www.cfbenchmarks.com/docsCME+CF+Constituent+Exchanges+Criteria.pdf
https://docs-cfbenchmarks.s3.amazonaws.com/CF+Constituent+Exchanges+Criteria.pdf
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Manipulation resistance by design 

Resistance to manipulation is a priority aim of the design methodology underlying the CME CF 

Bitcoin Reference Rate. The methodology takes an observation period and divides it into equal 

partitions of time. The volume-weighted median of all transactions within each partition is then 

calculated. The benchmark index value is determined from the arithmetic mean of the volume-

weighted medians, equally weighted. The benefits of this process with respect to achieving 

manipulation resistance are outlined below. 

• Use of partitions 

Individual trades of large size have limited effect on the Index level as they only influence the 

level of the volume-weighted median for that specific partition 

A cluster of trades in a short period of time will also only influence the volume-weighted median 

of the partition or partitions they were conducted in 

• Use of volume-weighted medians 

Use of volume-weighted medians as opposed to volume-weighted means ensures that 

transactions conducted at outlying prices do not have an undue effect on the value of a specific 

partition 

• Equal weighting of partitions 

By not volume weighting partitions, trades of large size or clusters of trades over a short period 

of time will not have an undue influence on the index level 

• Equal weighting of constituent exchanges 

CF Benchmarks applies equal weight to transactions observed from constituent platforms. With 

no pre-set weights, potential manipulators cannot target one platform for the conduct of 

manipulative trades 

• Use of arithmetic mean of partitions 

Using the arithmetic mean of partitions of equal weight further denudes the effect of trades of 

large size at prices that deviate from the prevailing price having undue influence on the 

benchmark level 

For a detailed analysis of measures instigated to ensure the Reference Rate’s manipulation 

resistance, please see “Analysis of the CME CF Bitcoin Reference Rate and CME CF Bitcoin Real 

Time Index”12 

Manipulation resistance by exclusion of input data 

A specific procedure for dealing with potentially erroneous data is incorporated into the 

methodology of the CME CF BRR. Although volume-weighted medians of transaction prices 

from individual data sources are not a part of the benchmark determination process, they are 

calculated as a means of quality control and manipulation resistance. 
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In the event of an instance of index calculation in which a Constituent Exchange’s volume-

weighted median transaction price exhibits an absolute percentage deviation from the volume-

weighted median price of other Constituent Exchange transactions greater than the potentially 

erroneous data parameter (10%), then transactions from that Constituent Exchange are deemed 

potentially erroneous and excluded from the index calculation. All instances of data excluded 

from a calculation trigger a Benchmark Surveillance Alert that is investigated. 

Since January 1st, 2019 the potentially erroneous data parameter of the methodology for the 

CME CF Bitcoin Reference Rate has never been triggered. Analysis of the volume-weighted 

median per exchange during the observation period produced the results in Table 2. The results 

illustrate that during the observation period, no Constituent Exchange’s input data needed to be 

excluded due to exhibiting potential manipulation. 

Market Representation 

1500 to 1600 London time as the observation window for determination of BRR 

The graph in Figure 1 illustrates the rationale of calculating the CME CF Bitcoin Reference (BRR) 

rate at 16.00 London Time by observing transactions during the 1500 to 1600 London time hour. 

It is the most liquid hour of the day for the Bitcoin-USD market, unsurprising given that it 

straddles the European and Americas trading day. 

Figure 1 

 

Table 1  

Volume Metrics (Bitcoin) 1500 to 1600 Sydney 1500 to 1600 London 

Mean 1,104.82 1,835.77 
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Median 7,83.340 1,395.71 

Max 8,802.54 1,1928.46 

Min 197.70 217.38 

 

In fact, as can be seen from Table 1 the mean and median trading volumes observed during the 

London 1500 to 1600 period are almost double that of the Sydney 1500 to 1600 period. To 

better understand the differences in liquidity during the differing time windows a dispersion 

using a logarithmic scale of the volumes observed on each day between the two differing time 

periods. This analysis shows very clearly a fairly even distribution around the mean and median 

for the 1500 to 1600 London time period that is biased above the mean, whereby the 1500 to 

1600 Sydney period shows a much less even distribution with pronounced bias below the mean 

and median 
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Exploring price correlations between CME CF Constituent Exchanges through the day to 

establish appropriate time windows for benchmarking 

 

how well correlated are Constituent Exchange prices during different times? 

 

A more granular means of understanding how representative any given time period is for 

establishing a benchmark for the BTC-USD market given its distributed nature is to observe the 

correlations between different exchanges at different points in the trading day. This analysis will 

inform us as to how likely we are to observe varied (uncorrelated) price movements between 

exchanges during different times of the day that might lead to an unrepresentative benchmark 

that would harm benchmark users and any investors in products 

An analysis was undertaken of the pair-wise correlation of prices from Constituent Exchanges on 

a per-minute basis (the price difference between transactions for each minute at each exchange) 

during the observation window of 1500 to 1600 London time for the period from Jan 1st 2021 to 

February 5th, the results are displayed in Figure 2 on the following page. The clustering towards 

correlation coefficients of 1.00 demonstrates extremely strong price correlation between the 

Constituent Exchanges during 1500 to 1600 London time, meaning that benchmarking the price 

by utilising transactions during this window will produce a highly robust benchmark. 

The same analysis was performed for the hour between 1500 and 1600 Sydney time, the results 

of which are displayed in figure 3 and shows a significant contrast, whereby there is much 

greater dispersion of correlation coefficients from 1.00.  

Furthermore, when we analyse the number of instances where correlation coefficients between 

Constituent Exchanges falls below some key levels the picture becomes even more stark, fully 

10% of the observations show correlation coefficients below 0.95 during the 1500 to 1600 

Sydney time period whereas the equivalent for the 1500 to 1600 London time period is a mere 

3.6%.  
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Coefficients 1500 to 1600 London 1500 to 1600 Sydney 

Below 0.90 0.70% 1.05% 

Below 0.95 3.63% 10.15% 
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Replication 

Executing an Institutionally sized order and with acceptable slippage 

To begin demonstrating the replicability—or to use another term, the achievability—of the 

strategy presented in this paper for purchasing Bitcoin ‘at scale’, observations taken whilst 

modelling the purchase of large amounts of Bitcoin are presented below.  

The purchase of Bitcoins was simulated on each weekday between January 1st, 2021 and 

February 5th, 2022. For the purposes of the simulation we attempt to acquire as many Bitcoins as 

possible during a single day to the benchmark, the kind that institutional traders might need to 

undertake for a major client, or that an issuer of a financial product (such as an ETF or a 

derivative) would be required to execute, in order to facilitate trading of that product.  

A simple replication simulation was thereby conducted to understand how much Bitcoin could 

be acquired within a specific slippage tolerance (25 bps was chosen as the maximum tolerance) 

over the period to understand if there was any significant divergence in replicability during the 

two differing time windows and how much could be traded within these parameters on every 

weekday. 

It is worth noting that in the ‘real world’, institutions deploy algorithmic systems to execute 

large-scale trades. It is probable that conducting the exercise presented here by means of 

algorithmic systems would have been able to produce similar results to a lower slippage 

tolerance than those described in this paper. For research purposes, a simplified simulation 

methodology was favoured to demonstrate the replicability of a benchmark during the two 

differing time windows. 

Simulation Methodology 

• Trades are executed on n (5) Constituent Exchanges, during a 3,600-second calculation 

window immediately preceding 1600 local time 

• One trade is executed every second and the price achieved is assumed to be the last 

execution price observed in that second, its associated volume is assumed to be the 

volume executed during that second 

• If no trade is completed in any single-second period, then the price achieved is assumed 

to be the price achieved in the previous second, but the associated volume from the 

previous second is not added to the volume executed in the latest second 
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The results of this exercise are displayed in Figure 3. The data are summarised in Table 6. 

Figure 3 

 

That the volumes of Bitcoin that can be transacted during the 1500 to 1600 London window are 

consistently and significantly greater than the 1500 to 1600 Sydney window is of course no great 

surprise given that we have already seen that average volumes during the London window are 

almost twice that of Sydney earlier on in this analysis (Graph 1 and Table 1).  However, what is 

most illuminating is that the degree to which one can transact in institutional sizes, on no fewer 

than 9 occasions over the period in question would one not be able to trade 50 Bitcoins on CME 

CF Constituent Exchanges to within 25bps of a benchmark that observes trading volume during 

the 1500 to 1600 Sydney window.  
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Conclusion 

In conclusion it seems logical that to ensure ETPs have their NAVs determined in a manner that 

is fair to investors for the pricing benchmark to strike the NAV to be determined at the most 

liquid time in the Bitcoin market. As has been amply demonstrated this is during the period 

between 1500 and 1600 London time. Adopting a benchmark that is determined by observing 

market data at this point in the day also has the added benefit of allowing ETP issuers to transact 

in the Bitcoin market with the least slippage and ensure lower costs for end investors in Crypto-

asset ETPs. Finally, by determining a benchmark during the most liquid period in the day, in 

combination with appropriate methodological safeguards substantially mitigates against any 

risks of manipulation of the benchmark and by extension ensuring that investors in Crypto-asset 

ETPs are not subject to such manipulation. 


