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BTC SPOT PRICE DISCOVERY UPDATE - Q2 2020

AT LEAST ONE OF THE ANALYSTS PARTICIPATING IN THE PREPARATION OF THIS REPORT OWNS BITCOIN. YOU ARE RESPONSIBLE
FOR DETERMINING WHETHER ANYTHING CONTAINED HEREIN IS SUITABLE FOR YOUR PARTICULAR CIRCUMSTANCES, AND FOR
SEEKING PROFESSIONAL TAX, LEGAL, AND/OR INVESTMENT ADVICE AS APPROPRIATE. PLEASE SEE THE OTHER DISCLOSURES AT
THE END OF THIS REPORT.

SUMMARY

e Thisreport, covering Q2 2020, is a quarterly update of DAR’s lead-lag study. The
initial report, which covered the period Q2-Q4 2019, can be found here, and the QI
2020 update can be found here.

e The Q22020 Lead-Lag study evaluates price discovery in the BTC spot market. This
quarter, 109 exchanges were included in the study, and 15 Volatility Events were
analyzed.

o Watchlist and Vetted exchanges respectively lead price discovery by 41.94% and
37.10% of the time in Q2 2020.

e In Q22020, 72.07% of the time a Vetted or Watchlist exchange was in the top 3
exchanges to lead price discovery

OVERVIEW

One of the primary concerns in the digital asset space is market manipulation and the
effect of manipulated trade data on price. DAR's lead-lag study intends to help shine a
light on this concern by determining where price formation is occurring in the bitcoin
spot market. Each quarter, DAR looks at moments of high price volatility and, for each of
those moments, determines which exchanges were first to experience that event, and
which exchanges followed.
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https://medium.com/digitalassetresearch/an-analysis-of-price-discovery-in-bitcoin-spot-markets-7563fbf1c890
https://www.digitalassetresearch.com/btc-spot-price-discovery-update-q1-2020/

Our Q12020 lead-lag study indicated that price discovery in the bitcoin spot market takes
place on DAR's Vetted and Watchlist exchanges 87.57% of the time. In this report, we'll
update our findings for Q2 of 2020.

METHODOLOGY RECAP

DAR utilizes a multistep data science process designed to measure the lead-lag
relationship of Bitcoin trading between various spot exchanges inspired by multiple
academic journals'. DAR looks for volatility events, defined as a change in the price of
bitcoin by more than $100 in a 5.5-minute window. For each volatility event, DAR
determines the correlation value between each exchange that experienced that event.
DAR then incrementally shifts each exchange's reported trades in that time window
forward and backward in time. The time shift needed to reach the highest possible
correlation value indicates which exchange experienced the volatility event first. For a full
breakdown of our methodology, please refer to the initial study.

There are multiple methods to assess lead-lag study and DAR’s method is by no means
the only applicable one.

DAR uses a vetting methodology that looks at both quantitative and qualitative criteria to
classify exchanges into the following categories: Vetted, Watchlist and Disqualified.
Vetting results are updated each quarter. A full vetting methodology is available from
DAR upon request.

Vetted Exchanges have passed all quantitative and qualitative criteria. These are the
most trustworthy exchanges that do not report inflated volumes and have robust policies
and practices in place.

Watchlist Exchanges have passed only DAR’s preliminary vetting, which includes data
science testing and some qualitative diligence. These exchanges do not report known
inflated volumes but may not have institutional policies and practices in place in order to
pass full vetting.

Disqualified Exchanges fail to meet the requirements of our vetting process, either for
failing data science tests, qualitative diligence, or a liquidity threshold.
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RESULTS

This quarter 109 exchanges were included in the study, and 15 volatility events were
analyzed. For each event, the first 5 exchanges to experience an event are considered “Price
Leaders” for that single event. Out of 109 exchanges analyzed, the following entities
appeared as price leaders in Q2 2020.

FIGURE A- BTC PRICE LEADER TALLY

Vetted Watchlist Digualified
e Price Leader e Price Leader e Price Leader
Appearances Appearances Appearances
Liquid 10 Huohi g Huohi_russia g
Bitstamp 9 Binance A Tagz 5
Coinbase 4 Bequant A Bitmax 3
Bitflyer 1 Hitbtc 5 Okex 2
Gemini 1 Kucoin 3 Hcoin 2
Gateio 2 Bitubu 2
Zaif 1 huobi_russia 2
Coinex 1 Mxc 2
Bitrue 1 Cryptology 1
Uphit 1 P2pb2h 1
Bittrex 1 Coineal 1
Tidex 1
Livecoin 1
Oceanex 1
Whitebit 1
Tokok 1
vindax 1
Lakebic 1
bcex 1
Cmgfin 1
Stex 1
Vetted
Watchlist
Disgualified

Source: Digital Asset Research

This quarter, Watchlist exchanges lead price discovery 41.94% of the time, and Vetted
Exchanges lead 37.10% of the time.
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Figure B, below, shows that 8 out of the 10 exchanges that acted as Price Leaders most
often in Q2 of 2020 come from DAR’s Vetted or Watchlist exchanges, emphasizing the
fact that digital asset exchanges which failed to pass DAR’'s exchange vetting process
have limited impact on price discovery.

FIGURE B - TOP 10 PRICE LEADER APPEARANCES

Exchange Price Leader Exchange Price Leader
Appearances Appearances
Binance 7a Binance 35
Liquid b6 Liquid 25
Huabi h4 huobi_russia 21
Coinbase 53 Hitbtc 19
Hithtc 47 Beguant 19
Bitstamp 34 Huobi 17
Okex 33 Coinbase 13
Gemini 24 LA 8
Bitfinex 21 Gemini g
Bitflyer 18 Bitstamp &
Q2 - Q4 2019 Price Leader Appearances Q1 2020 Price Leader Appearances
E Price Leader
Appearances
Liquid 10
Bitstamp 9
Huaobi 3
Huobi_russia 8
Binance 5
Tagz 5
Beqguant 5
Hitbtc )
Coinbase 4
Kucaoin 3
Q2 2020 Price Leader Appearances
Vetted Watchlist Disqualified

Source: Digital Asset Research

Note: In the initial report (Q2 - Q4 2019), we analyzed 61 exchanges in each quarter. In Q1 2020, we analyzed
102 exchanges.
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In Q2 2020, Gemini and LMAX fell off the list of most frequent Price Leaders, and Tagz and
Kucoin were added. Huobi Russia, a Disqualified exchange to make the top 10 Price
Leaders list this quarter, was disqualified only because it is based in Russia, a country with
capital controls. It has, however, passed all DAR's data science vetting tests, and is not
known to be reporting inflated trades. Tagz, the only other Disqualified exchange to
appear as a frequent price leader this quarter, has since announced a forced closure
shutdown, ceasing all operations as of 30-July-2020.

Figure C, below, shows the number of times each of the 10 most frequent Price Leaders
were first, second, third, fourth or fifth, to experience a volatility event. Out of the top ten
Price Leaders, Vetted or Watchlist exchanges were first to experience the event 79.03% of
the time, and 72.07% of the time a Vetted or Watchlist exchange was in the top 3
exchanges to lead price discovery.

FIGURE C - FREQUENCY OF APPEARANCES

Mumber of Times Ranked

Exchange First Second Third Fourth Fifth

e

Liquid

Bitstamp
Huobi

Huobi_russia

Binance

Bequant
Hitbtc

Tagz
Coinbase

[ R e R L L — T " FE Ry L R -
) =% D D =t D R PR D e
=T S I s L ]

e R == R = T =T L B % B
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Kucaoin

Vetted Watchlist Disqualified

Source: Digital Asset Research
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HISTORICAL COMPARISON

[ ”

Figure D shows the 10 most frequent Price Leaders for each of the last four quarters. “n” is
the number of volatility events analyzed in that quarter.
FIGURE D - QUARTERLY COMPARISONS
Q2 2019 (n=43) Q3 2019 (n=53) Q4 2019 (n=10)
Binance 30 Binance 40 Binance B8
Coinbase 22 Huobi 30 Liquid 8
Hitbtc 21 Liquid 30 Bitstamp B
Huobi 15 Coinbase 25 Coinbase B
Liquid 18 Hithtc 21 Hithtc 5
Okex 15 Okex 15 Huobi 5
Bitfinex 14 Bitflyer 14 Gemini 3
Bitstamp 14 Bitstamp 14 Okex 3
Gemini 9 Gemini 12 STEX 2
EXX 7 BITFOREX 5 ZB 2
Q1 2020 (n=39) Q2 2020 (n=13}

Binance 35 Liquid 10

Liquid 25 Bitstamp 9

huobi_russia® 21 Huobi 8

Hitbtc 19 Huobi_russia® a

Bequant® 19 Binance 5

Huobi 17 Tagz® 5

Coinbase 13 Beguant” b

LMAX" 8 Hitbtc 5

Gemini & Coinbase 4

Bitstamp G Kucaoin 3

*Exchanges that were not included in the initial study (Q2-Q4 2019)

Vetted Watchlist

Source: Digital Asset Research
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Although each quarter has seen different Price Leaders, the lead-lag test results from the
past five quarters showed a relatively stable distribution of Price Leaders between Vetted,
Watchlist, and Disqualified exchanges. In Q1 2020, Watchlist exchanges gained more
than 10% over Vetted exchanges. In Q2 2020, Watchlist exchanges lost more than 10% to
Disqualified and Vetted exchanges as shown in Figure E, below.

FIGURE E - PRICE LEADERS DISTRIBUTION

Top 10 Percentage Over Time
Vetied Watchlist Disgualified
100%
45.56% 45.24% 47.92% 33.92% 37.10%
75%
93.80% 41.94%
50% 41.42% 43.33% 41.67%
25%
20.97%
0%
201902 201903 201904 202001 202002
Cluarter
Vetted Watchlist Disqualified

Source: Digital Asset Research
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PERPETUAL DATA

In the digital asset markets, derivatives increasingly play an important role within the
trading ecosystem, including perpetual products. DAR’'s Q2 20 Lead-Lag study included 5
of the market's largest Bitcoin perpetual products.

Figure F shows that the incorporation of perpetual data has a significant impact on

Bitcoin price discovery, with Binance, OKEx, and BitMEX making top 10 price leader
appearances, replacing Coinbase, Kucoin, and HitBTC.

FIGURE F - TOP 10 PRICE LEADERS PERPETUAL COMPARISON

Exchange Price Leader Exchange Price Leader
Appearances Appearances
Liquid 10 Binance*P 13
Bitstamp 9 Okex P 9
Huobi 8 Huobi_russia 7
Huobi_russia g Liquid 7
Binance 5 Tagz 5
Tagz 5 Huaobi 5
Eequant 5 Binance 5
Hitbtc 5 Bitmex"P 3
Coinbase 4 Bequant 3
Kucoin 3 Bitstamp 3

Q2 2020 Price Leader Appearances
Without Perpetual Data

Q2 2020 Price Leader Appearances
With Perpetual Data

Perpetual

Exchange Price Leader

Appearances
Binance"P 13
Okex"P 9
Bitmex"P 3
Deribit*P 2
Bybit"P 1

Vetted Witchlizt Disqualified Perpetual

Source: Digital Asset Research
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APPENDIX

1.0 Volatility Event Example Analysis

Figure G shows an example of a volatility moment that happened on 10-May-2020. The
red line shows the price of Bitcoin across all exchanges in this study during the time
period and the black line is the polynomial utilized to test the volatility moment.

One way to visualize the data across multiple exchanges is by a heat map. Figures H
shows the heat map for this particular event. The matrix shows the lead or lag time in
seconds for each pair of exchanges in this single time window. Each exchange on the left
(Y axis) is compared to each exchange on the bottom (X axis). Green (positive) numbers
mean that the exchange on the left is leading the exchange at the bottom of the
heatmap. Whereas red (negative) numbers mean that the exchange on the left is lagging
against the exchange at the bottom of the heatmap.

During this specific volatility moment, Binance led other exchanges the most, as shown
by the full green row on the heatmaps.

FIGURE G - VOLATILITY MOMENT 10-MAY-2020 19:59:28
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FIGURE H - EXCHANGE HEATMAP 10-MAY-2020 19:59:28
WITHOUT PERPETUAL
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2.0 Q22020 Exchange Sources

Exchange Sources - Q2 2020

alterdice” Bitforex Bw Coinone Hitbtc luno Therocktrading
Bbx Bithumb Bybit*P* coinsbank Huobi Mercado_bitcoin tidebit
bcex Bitmart C2cx Coinshit Huobi_russia mearcatox” Tidex
Bequant Bitmax Catex coinsuper” idax™ Mxc Tokok
Bhex Bitmex"P* chx Cointiger Idcm Oceanex Uphbit
Bibox Bitrue ccx_canada® Cryptology Indodax Okcoin Vec_exchange
Bigone bitso Cexio Deribit*P* [thit Okex vindax
biki Bitstamp chaoex dsx Korbit Okex"P* Whitebit
bilaxy Bittrex coinall* Exmao Kraken Crmgfin Yobit*
Binance Bitubu Coinbase exrates Kryptono PZ2pb2b Zaif
Binance"P* Bitz Coineal Exox Kucoin Poloniex Zb
binance_us® bkex coinegg fifty_five Lakebtc Probit Zbg
Bitasset Bleutrade Coinex Gateio latoken Rightbtc
Bitbank Btc_alpha Coinfield Gdac Lbank simex
bitbay™ btc_markets coinhe Gemini Liquid sistemkain
Bitfinex btchox coinmate Gopax Livecoin Stex
Bitflyer btcturk coinmeax Hcoin Imax Tagz
*Exchanges that were not included in Q1 2020
Viathed Wiatchlist Disqualified Perpetual
3.0 Q12020 Exchange Sources
Exchange Sources - Q1 2020
Bbx Bitfinex bitubu* cbx” Coinone Gateio Kaorbit Mercado_bitcoin®|  sistemkein® Zaif
beex™ Bitflyer Bitz Cexio Coinsbank Gdac* Kraken mxc® Stex ZB
Bequant™ Bitforex bkex* Chaoex Coinsbit™ Gemini Kryptono® Oceanex” tagz” Zhg”
Bhex Bithumb Bleutrade Coinbase Cointiger Gopax”® Kucoin Okeoin Therocktrading
Bibox* Bitmart Bic_alpha* Coineal® Cryptology™ heoin* Lakebtc Okex Tidebit™
Bigone® Bitrnax Btc_markets” Coinegg™ Digifinex* Hitbtc latoken® omgfin® Tidex
biki* bitrue Btcbox Coinex™ Dsx Huobi Lbank® P2pb2b™ Tokok™
Bilaxy™ Bitrue* Btcturk™ Coinfield® Exma Huobi_russia® Liguid Poloniex Upbit
Binance bitso™ Bw coinhe™ Exrates™ Idem Livecoin Probit™ vce_exchange™
bitasset Bitstamp C2cx* Coinmate Exx Indodax LMAX* Rightbtc™ vindax®
Bitbank Bittrex Catex” coinmex™ fifty_five® Itbit Luno® Simex Whitebit*

*Exchanges that were not included in the initial study (Q2-Q4 2019)

Vetted

VWatchlist
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4.0 Q2-Q4 2019 Exchange Sources

Exchange Sources - Q2 to Q4 2019

BHEX Bitlish BW Coinone Gemini KuCain STEX

Bibox BitMarket CEX.10 CoinsBank Graviex LakeBTC The Rock Trading
Binance BitMart Cobinhood CoinTiger HitBTC Liquid Tidex
Bitbank Bitmex"P Coinbase COSS5 Huobi LiveCoin Upbit
Bitfinex Bitstamp Coinbene CRXzone 1DAX OKCoin YoBit
Bitflyer Bittrex Coinfloor DSX Independent Reserve OKEx Zaif
BitForex BitZ Coingi EXMO itBit Poloniex ZB
Bithumb Bleutrade CoinMate EXX Korbit SIMEX
BitKonan BTCBox Coinnest Gate.io Kraken SouthXchange

Watted Wiatchlist Disgualified Perpetual

5.0 Definitions

Terminology Definitions

Disqualified Exchanges

Digital Asset Exchanges that fail to meet the requirements of our
vetting process, either for failing data science tests, qualitative
diligence, or a liquidity threshold.

Lead-Lag Relationship

A means to determine where price formation occurs by looking
at the correlation of price movements between exchanges
during a specific time window, and determining which
exchange(s) saw the price movement first, and which saw the
price movement at a later time.

Price Leaders

Digital asset exchanges that were among the first 5 exchanges to
experience price movement in a single volatility event.

Vetted Exchanges

Digital Asset Exchanges that have passed all of DAR's
guantitative and qualitative criteria. These are the most
trustworthy exchanges that do not report inflated volumes and
have robust policies and practices in place.

Volatility Events

A change in the price of bitcoin of more than $100 in either
direction within a 5.5-minute window, identified by looking at
trades on a 30 second rolling basis. Qualifying events are also
filtered by shape, and must see price movement in both
directions.

Watchlist Exchanges

Digital Asset Exchanges that have passed only DAR’s preliminary
vetting, which includes data science testing and some qualitative
diligence. These exchanges do not report known inflated
volumes but may not have institutional policies and practices in
place in order to pass full vetting.
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DISCLOSURES

You are permitted to store, display, analyze, modify, and print this report, but only for your own use. You are not
permitted to (a) reverse engineer, decompile, decode, decrypt, disassemble, or in any way derive source code from
this report; (b) modify, translate, adapt, alter, or create derivative works from this report; (c) copy (except as expressly
permitted in the Subscription Services Agreement), distribute, publicly display, transmit, sell, rent, lease or
otherwise exploit this report or grant any third party access to it; (d) frame or scrape or in-line link to the this report
or use web crawlers, web spiders or other automated means to access, copy, index, process and/or store any of the
information herein; (e) create apps, extensions, programs or other products or services that use any of the
information herein; or (f) make or have made a service or product using similar ideas, features, functions or graphics
of or providing a similar benefit as that provided by this report.

DAR DOES NOT MAKE AND HEREBY EXPRESSLY DISCLAIMS ALL WARRANTIES, ORAL OR WRITTEN, EXPRESS OR
IMPLIED, INCLUDING WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A
PARTICULAR PURPOSE. WITHOUT LIMITING THE FOREGOING, YOU AGREE THAT YOUR USE OF THIS REPORT IS
AT YOUR SOLE RISK AND ACKNOWLEDGE THAT THIS REPORT IS PROVIDED “AS-IS” AND DAR DOES NOT MAKE
ANY WARRANTIES WITH RESPECT TO THE OPERATION, AVAILABILITY, RELIABILITY, ORIGINALITY OR ADEQUACY
OF THE SAME. THIS REPORT (INCLUDING ANY INFERENCES OR CONCLUSIONS DRAWN HEREIN) IS BASED ON
INFORMATION DAR CONSIDERS RELIABLE, HOWEVER, DAR DOES NOT REPRESENT IT AS ACCURATE OR
COMPLETE, AND IT SHOULD NOT BE RELIED ON AS SUCH. THIS REPORT (INCLUDING ANY INFERENCES OR
CONCLUSIONS DRAWN HEREIN) IS PROVIDED FOR GENERAL INFORMATIONAL PURPOSES ONLY AND YOU ARE
RESPONSIBLE FOR DETERMINING WHETHER ANYTHING CONTAINED HEREIN IS SUITABLE FOR YOUR
PARTICULAR CIRCUMSTANCES, AND FOR SEEKING PROFESSIONAL TAX AND/OR INVESTMENT ADVICE AS
APPROPRIATE. DAR DOES NOT GIVE TAX, LEGAL OR INVESTMENT ADVICE OR ADVOCATE THE PURCHASE OR
SALE OF ANY SECURITY, INVESTMENT, CRYPTOCURRENCY OR DIGITAL ASSET. NONE OF THE INFORMATION
CONTAINED IN THIS REPORT CONSTITUTES OR IS INTENDED TO CONSTITUTE A RECOMMENDATION BY DARTO
ACQUIRE, HOLD, INVEST IN, OR USE ANY PARTICULAR COIN, TOKEN, CRYPTOCURRENCY, PROTOCOL, COMPANY
OR FOUNDATION.

You assume the entire risk of any use you make or permit to be made from this report. Without limiting the
foregoing and to the maximum extent permitted by applicable law, in no event shall DAR have any liability
regarding this report for damages, even if notified of such possibility.

The information contained herein is as of the date hereof and is subject to change without prior notice. We may
provide oral or written market commentary or trading strategies to our clients that reflect opinions that are
contrary to the opinions expressed in this research. Information containing any historical information, data or
analysis should not be taken as an indication or guarantee of any future performance as past performance does
not guarantee future results. None of DAR’s products or services recommend, endorse, or otherwise express any
opinion regarding any “coin”, “token”, “cryptocurrency” “protocol”, “company” or “foundation” and none of DAR's
products or services are intended to constitute investment advice or a recommendation to make (or refrain from

making) any kind of investment decision and may not be relied on as such
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