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BTC SPOT PRICE DISCOVERY UPDATE - Q1 2021

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 DISCLAIMERS AT THE END OF THIS REPORT.

SUMMARY

e Q12021 update of DAR's public lead-lag study, evaluating price discovery in the BTC
spot market using volatility events. See Appendix 1 for links to prior reports.

e 170 exchanges were included and 181 Volatility Events were analyzed.
e Includes 18 Vetted Exchanges and 12 Watchlist Exchanges.

e Watchlist Exchanges were price leaders 47.42% of the time and Vetted Exchanges
were price leaders 30.95% of the time.

e In Q12020, 81.29% of the time a Vetted or Watchlist Exchange was in the top 3
exchanges to lead price discovery.

e In Q12021, Disqualified Exchanges gained close to 10% of price leadership share over
Watchlist and Vetted Exchanges compared to the Q4 2020 period. This is partly
because DAR expanded the analyzed exchange universe from 111 to 170 exchanges.

e Please contact DAR for analysis of other crypto asset markets.

OVERVIEW

One concern in the lightly regulated digital asset market is where price discovery
happens. DAR's lead-lag study intends to help illuminate and show where price formation
is occurring in the Bitcoin spot market. Each quarter, DAR looks at distinct moments of
price volatility and, for each of those moments, determines which exchanges were first to
experience that event (lead) and which exchanges followed (lag).
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METHODOLOGY RECAP

DAR uses a multistep quantitative process inspired by multiple academic papers!”

to measure the lead-lag relationship of Bitcoin trading between various spot exchanges.
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. The exchange's reported
trades in that time window are then incrementally shifted forward and backward in time.
The relative time shift needed to reach the highest possible correlation value indicates
which exchange experienced the volatility event first and which reflected that price
discovery after. For a full discussion of the methodology, please refer to the initial study.

There are multiple methods to assess lead-lag relationships and this method is by no
means the only applicable one.

Exchange Vetting

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 are not known to report inflated volumes and have
robust policies and practices in place to prevent manipulative practices by clients.

Watchlist Exchanges have passed only DAR's preliminary vetting, which includes data
science testing and some qualitative diligence. These exchanges are not known to report
inflated volumes or have manipulated trades but may not have the institutional policies
and practices in place in order to prevent future manipulation and to pass full vetting.

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

'de Jong, F.C.J.M. & Donders, M\W.M. 1996. "Intraday Lead-Lag Relationships between the Futures-,
Options and Stock Market,' Discussion Paper 1996-108, Tilburg University, Center for Economic Research;
de Jong, Frank & Nijman, Theo, 1997. "High frequency analysis of lead-lag relationships between financial
markets," Journal of Empirical Finance, Elsevier, vol. 4(2-3), pages 259-277, June; Kawaller, Ira G & Koch, Paul
D & Koch, Timothy W, 1987. " The Temporal Price Relationship between S&P 500 Futures and the S and P
500 Index," Journal of Finance, American Finance Association, vol. 42(5), pages 1309-1329, December.
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https://medium.com/digitalassetresearch/an-analysis-of-price-discovery-in-bitcoin-spot-markets-7563fbf1c890

RESULTS

This quarter, 170 exchanges were included in the study and 181 volatility events were
analyzed. For each event, the first 5 exchanges to experience the event are considered
“Price Leaders” for that event. The exchanges listed in Figure A appeared as Price Leaders
in Q12021

FIGURE A - BTC PRICE LEADER TALLY

Wetted ‘Watchlist Disqualified

Exchange Price Leader Exchange Price Leader Exchange Price Leader

Appesarances Appearances Appearances
WCC Exchange 132 Huobi 171 OKEX 131
Liquid 25 Binance 170 Bithumb 4
Coincheck 55 ZB.com 49 Coinone 22
Bitstamp 12 HBTC 42 KuCoin 20
Coinbase 7 Cateldo 15 Goku 16
Bitfinex 5 Bitrue 9 MXC 14
Luno 3 CoinTiger 8 CBX 13
Gemini 3 OceanEx 3 BigOMNE 12
bitFlyer 2 BEQUANT 2 Bitubu 10
Bittrex 1 HitBTC 2 Omgfin 10
Zaif 1 LATOKEN 1 Bibox 9
Kraken 1 HBTC 1 Vindax 8
LaksBTC 1 YoBit 8
Ex 7
Korbit 7
Mercado Bitcoin &
Coinmate B
STEX =]
Bitmart 5
ZebPay 5
CoinHe 5
AscendEX [BitMax) 5
Bitci 5
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Source: Digital Asset Research
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This quarter, Watchlist Exchanges were price leaders 47.42% of the time and Vetted
Exchanges were price leaders 30.95% of the time.

FIGURE B - TOP 10 PRICE LEADER APPEARANCES

Figure B shows the 10 most frequent Price Leaders for each quarter going back to Q2 of
2020, with “n" representing the number of volatility events analyzed in that quarter.

SaclrEras Price Leader SierErEE Price Leader
Appearances Appearances
Liquid 10 Binance 18
Bitstamp 9 Huobi 16
Huobi 8 OKEXx 16
Huobi Russia 8 Liquid 13
Binance 5 Bitstamp 1
TagZ 5 BEQUANT 6
BEQUANT 5 HitBTC 6
HitBTC 5 HBTC 4
Coinbase 4 Cat.Ex 4
KuCoin 3 MXC 3
Q2 2020 Price Leader Appearances (n=15) Q32020 Price Leader Appearances (n=21)
e Price Leader = e ae Price Leader
Appearances Appearances
Huobi 166 Huobi 171
Liquid 150 Binance 170
Binance 145 VCC Exchange 132
VCC Exchange 93 OKEx 131
ZB.com e9 Liquid 95
Bitstamp 60 Coincheck 55
KuCoin 55 ZB.com 49
Bithumb 52 Bithumb 44
BEQUANT 49 HBTC 42
HitBTC 43 Coinone 22
Q4 2020 Price Leader Appearances (n=181) Q12021 Price Leader Appearances (n=181)
Vetted Watchlist Disqualified

Source: Digital Asset Research
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See Appendix 3 for a list of exchange participation by quarter. Not all exchanges have been considered
each quarter.

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 78.38% of
the time, and 81.29% of the time a Vetted or Watchlist Exchange was in the top 3
exchanges to lead price discovery.

FIGURE C - FREQUENCY OF APPEARANCES

Number of Times Ranked
Exchange First Second Third Fourth Fifth
Huobi 60 49 36 17 9
Binance 58 52 30 20 10
VCC Exchange 45 40 20 19 8
OKEx 1 29 38 29 34
Liquid 7 6 23 27 32
Coincheck 5 6 8 14 22
ZB.com 3 5 10 22 9
Bithumb 8 12 6 6 12
HBTC 1 4 10 15 12
Coinone 5 5 6 0 6
Vetted Watchlist Disqualified

Source: Digital Asset Research
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HISTORICAL COMPARISON

Figure D shows the breakdown of volatility events amongst Vetted, Watchlist, and
Disqualified exchanges for each quarter going back to Q2 of 2019.

FIGURE D - QUARTERLY COMPARISONS
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*See Appendix 3 for quarterly exchange participation. Not all exchanges have been evaluated in all
quarters.

Vetted Watchlist Disqualified

Source: Digital Asset Research
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Although each quarter has seen different Price Leaders, the lead-lag test results from the
past four quarters showed a relatively stable distribution of Price Leaders between Vetted,
Watchlist, and Disqualified exchanges. In Q1 2021, Disqualified Exchanges gained close to
10% over Watchlist and Vetted Exchanges. This is because the universe of Disqualified
Exchanges increased significantly from Q4 2020 to Q1 2021.

FIGURE E - PRICE LEADERS DISTRIBUTION
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*Figure E does not include perpetuals. Exchanges were added or removed according to DAR's
methodology. See Appendix 3 for quarterly exchange participation.

*The percentages show the distribution of price leaders and the numerical values show the number of
exchanges assessed in each category over time.

Source: Digital Asset Research
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PERPETUALS

In digital asset markets, derivatives, including perpetual products, increasingly play an
important role within the trading ecosystem. DAR's Q1 2021 Lead-Lag study included 5 of
the market's largest Bitcoin perpetual products.

Please contact DAR for price discovery analysis in other derivative markets and for other
contract types.

FIGURE F - TOP 10 PRICE LEADERS PERPETUAL COMPARISON

e T Price Leader T T Price Leader
Appearances Appearances
Huobi 171 Binance 172
Binance 170 Huobi 170
VCC Exchange 132 VCC Exchange 132
OKEx 131 OKEx 129
Liquid 95 Liquid 92
Coincheck 55 Coincheck 52
ZB.com 49 ZB.com 49
Bithumb 44 HBTC 44
HBTC 42 Bithumb 43
Coinone 22 Coinone 22
Q712021 Price Leader Appearances Q12021 Price Leader Appearances
Without Perpetuals With Perpetuals
Perpetual
e Price Leader
Appearances

DeribitaP 6

OkexnP 5

BinancerP 1

BybitrP 0

BitMEXAP 0

Vetted Watchlist Disqualified Perpetual

Source: Digital Asset Research
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APPENDIX

1.0 Prior Lead-Lag Reports

An Analysis of Price Discovery in Bitcoin Spot Markets (Initial Report)
BTC Spot Price Discovery Update Q1 2020
BTC Spot Price Discovery Update ©2 2020
BTC Spot Price Discovery Update O3 2020
BTC Spot Price Discovery Update Q4 2020

2.0 Volatility Event Example Analysis

Figure G shows an example of a volatility moment that happened on 22 February 2021.
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 used to test the volatility moment. The full
green rows on the heat map in Figure H show that Korbit led other exchanges during this
specific volatility event.

FIGURE G - VOLATILITY MOMENT 22-FEB-202116:10:20
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https://medium.com/digitalassetresearch/an-analysis-of-price-discovery-in-bitcoin-spot-markets-7563fbf1c890#new_tab
https://www.digitalassetresearch.com/btc-spot-price-discovery-update-q1-2020/
https://www.digitalassetresearch.com/btc-spot-perpetual-price-discovery-update-q2-2020/
https://www.digitalassetresearch.com/wp-content/uploads/2020/11/Lead-Lag-Q3-2020-Report-Final.pdf
https://www.digitalassetresearch.com/btc-spot-perpetual-price-discovery-update-q4-2020/

FIGURE H - EXCHANGE HEATMAP 22-FEB-2021 16:10:20
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FIGURE | - EXCHANGE HEATMAP 22-FEB-202116:10:20 WITH
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3.0 Lead-Lag Exchange Universe

Exchange Q12021 Q& 2020 Q3 2020 Q2 2020 Q1 2020
Aax
alterdice
ALDMAars
B2BX
BEX
BCEX
Beaxy
BEQUANT
BHEX [HETC)
Bibyoox
Bidesk
BigQOME
Biki
Bilaxy

Binance

Binance USs
BinancespP
Bitasset
BitBank
Bitbay
Bitci
Bitcoin.com
BITFRONT
Bitfinex
Bit Flyer
Bitforex
Bitget
Bithash
Bithumb
Bithumb Glebal
Bitkub
BitMart
Bitmax
BitMEXAP
Bitoffer
BitoPro
Bitrue

Bitso
Bitstamp
Bittrex
Bitubu
BitZ
BEKEX
Bleutrade
BTC-Alpha
BTC Markets
BTCBox
BTCTurk
BTSE
BwW

Vetted Watchlist Disqualified Perpetual Not Included
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Exchange Q12021 Q& 2020 QI 2020 Q2 2020 Q1 2020
Bybitap
C2CK
CatEx
CBX
CCX Canada
Cexio
Chaoex

coinall
Coinbase
Coinbene
Coinbig
Coincheck
Coineal
Coinegg
Coinex
Coinfield
Coinhe
Coinmate
Coinmex
Coinone
Coinsbank
Coinsbit
Coinsuper
CoinTiger

Coinflex
Caoinjar
Coinmargin
Coinpark

Coinzo

Citex
CrossTower
Cryptology

Decoin
DeribitaP
Dextrade
Digifinex
DSsX

ExMarkets
EXMD
Exrates
ExtStock
EXX

Fifty Five
Folgory
FTX Spot
FTX.US

cateio | x| x| x| x | x |

GDAC

Gemini x| x| x|

GMO Coin Co.
Goku
coeax I
Hb.top
Hcoin

wee | x| ox ] x| x| x|

Howo

Hopex
Huohbi

Huobi Korea
Huobi Russia
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Exchange Q1 2021 Q& 2020 Q3 2020 Q2 2020 Q1 2020
1DAX
I>CM

Indodax
Indoex
itBit
KK Coin
Korbit
Kraken
Kryptono
KuCoin
LakeBTC

LATOKEM
LBANK
Ligquid
Livecoin
LEAAXK
Lucent
Luno
Max Maicoin
Mercade Bitcoin
MMercatox
MMXC
Hovadax
oceanEx

OKCoin
OKEx
OKExXAP
OMGCFIN
p2pb2b

Phemex

Poloniex
Probit
Resfinex
RightBTC
Simex
Sistemboin
SouthXchange
STEX
TagZ
TheRockTrading
Tidebit
Tidex

Tokenize
Tokok

VB
Voo | x| x|« T« [« |

webitcoin
welic
vindax
WazirK
whiteBIT
T
YoBit
YURex
Zaif

ZB.com
ZBG
ZebPay
rd
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4.0 Definitions

Terminology Definitions

Disqualified Exchanges*

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

Know Your Customer (KYC)

A process implemented by financial services firms to verify customers’
identities in order to identify and prevent market manipulation and other
fraudulent activities.

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 (lead) and which saw the price movement at a later time (lag).

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 quantitative and
qualitative criteria. These are the most trustworthy exchanges that are not
known to report inflated volumes and have robust policies and practices in
place to prevent manipulative behavior by customers.

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 are not known to report inflated volumes or have manipulated
transactions but may not have institutional policies and practices in place
in order to prevent future manipulation and pass full vetting.

*Contact DAR for full details on our vetting criteria and process
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DISCLAIMERS

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 DAR TO
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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