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1. Introduction
Bitcoin Spot Price: 1 Jan 2018 to 10 June 2021
70,000
60,000
50,000
40,000
30,000
20,000
10,000
0
® ®x ® ® o @ o @ © © o o o o
9 oY T T o9 9 0% % 8§ § § 8§ § @
N
Carol Alexander 3/41

Introduction Auto-Liquidations Transmissions Hedging Spe
008000000 o

Who Hedges Bitcoin?

® Bitcoin Miners:

® About 18.5 million coins have been mined

® BTC supply stops in 2140, capped at 21 million

® Currently, 6.25 coins mined every 10 mins

® About 150,000 BTC mined since 1 Jan 2021

® 150,000 BTC worth almost $10 trillion at height of market

® Option Traders:

® Open interest on Deribit bitcoin options currently ~ $6 billion

® Relative volumes = market makers delta hedge with perpetual futures
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Who Speculates on Bitcoin and Where?

® Traditional retail investor base
® Reddit
® Robinhood

® More recently, institutional investors

® US banks allowed custody of bitcoin since June 2020
® Specialised traders and brokers — GSG, XBTO, BitWise etc.

® Which derivatives on which exchanges have most speculation?
® Diverse fee structure on different exchanges = specialised traders
® E.G. Binance attracts large positions (BNC rewards)
® Bybit fee rebates encourage wash traders

® CME futures follow price discovery on unregulated exchanges (Alexander
and Heck, 2020)

Carol Alexander 4/41

Standard, Direct and Inverse Bitcoin Futures

® Standard bitcoin futures
® Bitcoin is the underlying asset
® E.G. CME contracts have notional value 5 or 0.1 BTC
® Quoted, margined and settled in USD
® Standard expires, but do not trade 24/7

e USDT direct futures
® Bitcoin is the underlying asset
® E.G. Bybit direct USDT futures have notional value of 1 BTC
® Quoted, margined and settled in a stablecoin like USDT
® Non-standard expires, traded 24/7

® USD inverse futures
® Quoted in USD per bitcoin, like direct futures
® But with USD notional and margined and settled in BTC
® E.G. Binance inverse futures have a notional value of $100
® Non-standard expires, traded 24/7
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https://www.xbto.com/
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Perpetual Futures Contracts

Introduction to Binance Perpetuals
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Which Product Type and Exchange is Best for Hedging?
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Three Reasons Why
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Binance USDT Direct Perpetual

125x USDT-Margined Perpetual Contract (BTCUSDT)
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® Maximum leverage decreases with position size
® Maintenance margin rate is half the initial margin rate

Contract Specifications
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Funding Rate Payments

Funding Rates for Binance USDT Direct Perpetual

—USDT Funding Rate  —USD Funding Rate

Funding Rate Calculation
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Trading Volumes on Main Exchanges

B MEX Il By bit [ Deribit [JOKEx

Weekly Volume (Billion USD)
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2. Auto-Liquidations

® Unregulated exchanges issue no margin calls

® Liquidations are automatically triggered when marked loss exceeds the
collateral in the margin account

® Settlements are based on an index price — usually a simple average of BTC
rates across the main spot exchanges

® Many exchanges employ a fair price marking mechanism to mitigate
auto-liquidations triggered by sudden spikes in index prices:

Fair Mark Price = Index Price x (1 + Funding Basis)
Funding Basis = Funding Rate x (Time to Funding / Funding Interval)

® Fair mark price is only used for unrealised P&L

® Funding rates are too small to impact the frequency of auto-liquidations

® Except in crashes like 12-13 March 2020 or 11-19 May 2021
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https://academy.binance.com/en/articles/what-are-perpetual-futures-contracts
https://www.binance.com/en/blog/421499824684900382/A-Beginners-Guide-To-Funding-Rates
https://www.binance.com/en/blog/421499824684900410/3-Reasons-Why-Binance-Futures-Is-The-Preferred-Hedging-Venue-For-Traders
https://www.binance.com/en/support/faq/c-4?navId=4
https://www.bitmex.com/app/fairPriceMarking
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Historical Frequency of Auto-Liquidation Auto-Liquidations on USD Inverse Perpetuals ($Billion)
® Suppose trader opens 1 long or short position, so max. leverage is 100X
® Suppose leverage is 5X, 20X, 50X or 100X v
® So initial margin rate is 20%, 5%, 2% or 1% -

Jan 2021 Fv2o var 2021 2021 o 2021 mz0an
X Vool Long Liuidator

® Assume maintenance margin rate is half the initial margin

® What is probability of auto-liquidation if position is held for 8h — 30d? e T

Leverage 8h 1d 5d 15d 30d
5X 025%  1.34%  7.49% 1538%  22.20% e
Lon 20X 18.84%  35.56% 56.48%  65.12%  66.17% Gt
e 50X 45.05% 61.04% 76.98% 82.16%  82.43% Ahourly data fi inanal .
100X 64.19% 75.57% 85.12% 87.89% 87.94% -hourly data from coinanalyse.ne
5X 065%  4.95% 31.34% 60.44%  80.98% ® Auto-liquidations are greatest on Bybit, but so is open interest
0 0 0 o 9 . - L
Short égi ig?f;’ ;‘é;g;’ ;g’igé’ gé'ggé’ gg'i’;é‘ ® BitMEX & Deribit also forced abnormal liquidations between 11 and 19 May
1% .35% .19% .35% 17%
100X 69.41% 8339% 93.48% 07.71%  98.85% ® Deribit’s liquidations <= market makers using perpetual to delta hedge options

Bybit USD Inverse Perpetuals 1-min data, 1 July 2020 to 31 May 2021
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Time Pattern of Auto-Liquidations? Day-of-Week Effects in Returns
Auto-liquidations as % Ol on Binance and Bybit in 4hr time buckets
) 52-week moving average of returns on different days
\ “ 002 —Monday —Tuesday ——Wednesday —Thursday — Friday —Saturday —Sunday
Chibllsadhi il
Lutbatthiiils I.Hl[.[.LLll.L;I.I.lI.I.I.th.. oo
4)‘ofun-ZO Aug-20 Sep-20 Nov-20 Jan-21 Feb-21 Apr-21 Jun-21
® Pattern represents period between 1 Jan to 31 May 2021
® |ong auto-liquidations usually exceed short ® Sunday average returns are negative ~ —5 bps
® Binance is the most aggressive auto-liquidator ® Monday average returns are positive ~ +10 bps
® Greatest amount of liquidations Sun 00:00 — 08:00 and Mon 08:00 — 16:00
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Time Patterns in Traded Volume 3. Volume and Volatility Spillovers
® Numerous recent papers on bitcoin price discovery
® Most focus on the role of CME futures

. IIIIIIIIIlIIIIIlIIIIIlIIIIIllIIIIlIIIIIIII ® Instead, Alexander and Heck (2020) and Alexander et al. (2020b) highlight
= e = the role of unregulated exchanges such as BitMEX
® And Alexander et al. (2020a) examines price discovery in ether

® But crypto markets change extremely rapidly
® Not only through innovations such as DeFi and NFTs
® But also due to actions of US regulators
® And the Chinese government ... and Elon Musk

® Neither auto-liquidations nor day-of-week effects associated with lower volume i . o . i
® Price and volatility transmissions now mostly from the Binance Asia exchange

* Volume not lower at weekends = large retail base ® And the most influential Binance product is its USDT perpetual
® Time pattern of trading pattern on Binance = US investors ® Is trading on this product driving tether grants?
® Tether market cap is now $62 billion and rising!

® |ess obvious on Bybit
® Work in progress
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High-Frequency Volatility Spillover Perpetual Specifications and Data
Exchanges USD Contracts USDT Contracts
Spot Perpetuals Binance Bybit Binance
ST, B —
Blt_stamp$ B'"?nsce Type Inverse Inverse Direct
Coinbase’ Bybit Contract Size 100 USD 1 USD 0.001 BTC
Kraken® Binance” Initial Margin Rate > 0.8%* 1% > 0.8%*
Binance” Settlement Currency BTC BTC usDT
Huobi” Tradi.ng Days 24/7 24/7 24/7
_ Funding Frequency 8 hrs 8 hrs 8 hrs
. Fees (maker/taker) in bps 1/5 -25/7.5 2/4
Research Questions Tick Size 0.1 USD 0.5 USD 0.01 USDT
e Where does bitcoin volatility emerge? Note: Only showing the main perpetual contracts analysed. *Margin rates on Binance increase with notional value of position.
® Which exchange is the main emitter? ® Second-by-second data from 1 January to 31 March 2021
® To which exchanges does volatility transmit? © Calculate realised volatility at 5-minute frequency
® Which exchanges receive the most? ® Winsorizing top 0.05% to reduce influence of extreme outliers
e Do volatility flows change over the course of the day? ¢ Pre-averaging to reduce microstructure noise
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Intra-day Volume Patterns Intra-day Realised Volatility Patterns
E Intra-day pattern removed before model estimation
12
210
§na
‘ ® Coinbase trading similar to FX markets H
0t
| | \ | — increased volume between 12:00
N . . 02
\ g ety UTC (7:00 EST) and 21:00 UTC
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V ® Spikes at funding times of perpetuals, ?n
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Vector Logarithmic Multiplicative Error Model Results — Main Instruments
Basic specification for 5-min realised volatilities of 6 exchanges, x;: Coinbase  Binance® Huobi Binance” Bybit Binance®
T = O & CB 0.2108 —0.0895 0.0352™° 0.2548 0.0088™*  —0.0173"*
BI®  —0.0164"* 0.0742 0.0626 0.2439 0.0105™° 0.0223™¢
loj =w+Alogx;_ Blog pi—
& - 8 Te-1+ & Htj HU  —0.0282 —0.0851 0.2720 0.2177 0.0198 —0.0108™¢
L. - . - BI”  —0.0307 —0.0995 0.0247™° 0.4702 0.0149™° 0.0132™°
® Implicitly guarantees non-negativity of realised volatilities BY —0.0761 01373 0.04417 0.3085 0.1450 0.1200
. BI®  —0.0594 —0.1039 0.0110™° 0.2606 0.0134"° 0.2742

Decomposes realised volatility into Hadamard product of conditional mean

and error term with unit mean and a distribution with non-negative support

Log conditional mean is autoregressive = long-term effects B

Add asymmetric response component to capture leverage effect

Also use an extension to capture zeros in high-frequency time series

Also use dummies to investigate time-zone effects
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Dependence on lagged observations log ;1 — short-term spillovers, A

Parameter estimates for matrix A of the multivariate LogMEM(1,1);, fitted to 5-min

realised volatility on Coinbase (CB), Binance Spot (BI®), Huobi (HU), Binance

Superscript
Data period 1 January to 31 March 2021.

USDT-perpetual (BI”), Bybit (BY) and Binance USD-perpetual (BI®)
Column denotes emitting exchange, row denotes receiving exchange

Diagonals in red capture flows back into exchange

ns

indicates estimate is not significant at 1%
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Answers to Research Questions 4. Optimal Hedging in the Presence of Auto-Liquidations
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Research Questions

1. Which product on which exchange is best for hedging?

“ ’ 2. Assuming you use the best product, what is the optimal hedge ratio
Bl SP° that also minimizes the probability of auto-liquidations?

® Where does bitcoin volatility emerge?

: ; 3. And, given your level of loss aversion, how much collateral should you
Mostly from Binance Asia

keep in the margin account to achieve, say, 95% hedging effectiveness?
® To which exchanges does volatility transmit?

Bybit and the spot exchanges Coinbase and Binance US

® Do volatility flows change over the course of the day?
Yes, they increase at time of funding payments on perpetuals
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Problem Formulation Adding the Margin Constraint
® Suppose the platform monitors the margin at discrete intervals At ® Following Longin (1999), introduce the extreme price change operators:
. As‘sume the hedger holds 1 bitcoin at t|-rT‘1e t WIFh spot price S and shorts 6 AYF, = max A,F, A}Vﬁt ‘= max Anﬁt
units of the futures to hedge spot volatility until hedge horizon ¢t + NAt 1<n<N 1<n<N
- . . 7 —1 . . N
© Direct and inverse perpetual futures prices: F; and Fy = Iy ® Since we are short, a positive value implies a loss
® Set n-period profit from long position A, S; := Stynat — St ® Margin constraint is represented by another parameter m > 0 being the
o Similarly, n-period loss on short position is ApFy := Fyynar — F collatleral in the margin account, in excess of the minimum maintenance
N margin
® Set ApFy = Fy — Fyinae (in BTC) so a short position makes losses from an o

In other words, m is the upper constraint on the hedger's ability to avoid
auto-liquidation

increase in its USD value

* Need to multiply —0 AnFy by Si4naq to convert into USD e Hence, probability of auto-liquidation is

® Choose 6 to minimize the variance of the P&L of the hedged portfolio: o
P(m,0) = Prob(auto-liquidation) := Prob (6 - Ay X; > m)
Var(AnSt — 0 AN F, Direct L . . . -
0',2L<9) = ( Not N At) ( ) s where X is price of either direct F' or inverse F' perpetual
Var(AnS; — 0 ANFy - Spanae)  (Inverse)
® This probability decreases with m and increases with
Carol Alexander 27 /41 Carol Alexander 28 /41
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Hedging Problem and Solution Extreme Value Distributions
In addition to y and m, the parameters of the optimal strategy are as follows:
Introduce a loss aversion parameter + to obtain final objective: ° y= Zfs is relative volatility of n-period spot and futures P&L
F
. 2 2 . . .
1;1;51 {0),,(9) + o5 P(m, 9)} * f= ‘7”52“" where the numerator is their covariance
F
The optimal hedging strategy 6* is given by ® The constants p, ¢ and 7 are location, scale and right tail index parameter of
distribution of extreme values of direct/inverse perpetuals — for short positions
0 = w10, w= {15 (Direct), ® |llustrate their estimation for 30-minute monitoring and 5d hedge horizon
2t (Inverse ).
F? ( ) ® GEV parameter estimates based on rolling sample of 210 daily extreme values:
where f is a positive root of the equation a(z)z™2 + 2 — 8 = 0 with: Estimation f tal parameters @, Wedge Period N
mviw o} mwe—! —p\ "7 mwz—t — g\ ~F ! e u 2104 25
a(z):’yi%exp —(1+7'7u) (1+T7H> . o p—— "
2 g ¢ ¢ oo Creime e4NA

® Most important parameter for optimal short hedge ratio is right tail index 7
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Right Tail Index Estimations

[——BRMEX(USD) — Bybit(USD) — Deribit(USD) — OKEx(USD]
P

Eos
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Zo4

Toz

Jul2020 ep 2020 Nov 2020 Jan 2021
A: Right tail index 7, 7 for USD Inverse Perps
[F-—Coiubase — Binance(USDT) — Bybit(USDT) — OKEx(USD

P

5}

Zos

Fos

o4

To2

Jul 2020 Sep 2020 Nov 2020 Jan
B: Right tail index 7y s, 7ag - for Spot and USDT Perps

Similarity of tail index for direct (USDT) perpetuals = these are better hedge?
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Hedge Effectiveness — USDT Direct Perpetuals

Binance Bybit OKEx

Collateral | Loss Aversion | 8h 1d 24 sh 1d 2d sh 1d 24
767 442 319 | 739 423 161 | 765 443 318
01 20 929 782 556 | 915 767 556 | 927 781 555
10 978 925 855 | 99 922 85 | 978 925 854
a0 948 849 624 | 934 826 617 | 947 849 623
02 20 985 94 8.4 | 925 948 82 | 94 94 83
10 995 987 970 | 987 985 99 | 994 987 970
a0 %2 92 947 | 93 9.7 947 | 92 983 947
05 20 97 95 986 | 989 993 985 | 996 995 986
10 998 998 996 | 991 997 996 | 997 998 996

® Effectiveness always greater than using inverse perpetual on same exchange
® The three contracts offer similar protection
® Examples for 99% effectiveness:

® When v = 10 an 8hr hedge requires 20% collateral
® When v = 40 an 8hr hedge requires 50% collateral ...

® ... but a 2d hedge requires more than 50% collateral
Carol Alexander 33 /41
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5. Speculation
Turnover Index Garcia et al. (1986)
TI Trading Volume
Open Interest
USD Inverse Perpetuals USDT Direct Perpetuals
Binance BitMEX Bybit Deribit OKEx Binance Bybit OKEx
Volume (B) 1.03 0.49 120 0.20 0.25 275 0.22 0.29
Ol (B) 0.76 0.73 1.85 0.58 0.36 1.54 0.29 0.14
Mean Short Lig. (M) 1.05 1.48 2.87 0.48 0.39 7.90 1.50 154
Long Lig. (M) 3.23 2.80 8.64 0.55 0.92 13.92 2.05 1.23
Liquidation (M) 4.28 4.28 11.51 1.03 131 21.83 3.55 277
Tl 1.54 0.71 0.77 0.38 0.76 1.91 0.80 211
Volume (B) 0.88 0.40 0.95 0.15 0.20 231 0.17 0.23
Ol (B 0.70 0.75 1.86 0.58 0.34 161 0.30 0.14
Median Short Lig. (M) 0.59 0.32 1.69 0.01 0.14 3.93 0.72 0.50
Long Liq. (M) 123 0.37 4.08 0.02 0.16 5.08 1.05 0.49
Liquidation (M) 207 1.33 6.72 0.05 0.52 11.67 2.34 1.45
Tl 1.24 0.57 0.58 0.28 0.60 1.54 0.62 1.66

The 4-hour mean and median of trading volumes and open interest (billion USD), and short, long
and total liquidations (million USD). Bitcoin perpetuals are USD inverse and USDT direct across
Binance, BitMEX, Bybit, Deribit and OKEx. The data period is from 1 Jan to 31 May 2021.
Data acquired from www.coinalyze.net.
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Hedge Effectiveness — USD Inverse Perpetuals

BItVEX Bybit OKEX Deribit

Collateral | Loss Aversion | _8h 1d 2 8h 1d 2d 8h 1d 2d 8h 1d 2d
439 236 126 | 496 248 122 | 473 227 127 | 499 227 90
01 20 677 349 175 | 669 364 185 | 643 346 162 | 628 368 157
10 834 518 278 | 829 511 282 | 802 504 265 | 84 521 289
20 845 551 309 | 838 548 323 | 822 535 307 | 847 552 303
02 20 933 727 459 | 931 716 455 | 919 705 443 | 935 728 463
10 974 866 647 | 974 859 644 | 97 846 622 | 977 866 641
20 988 938 782 | 988 931 784 | 987 926 774 % 938 769
05 20 993 978 900 | 95 974 899 | 994 97 893 | 996 978 893
10 994 993 963 | 997 991 961 | 997 988 959 | 997 993 960

Introduct

Introduct

® Effectiveness | as hedging period 1 and as loss aversion 1
® Effectiveness 1 with collateral in margin account
® Exchanges offer similar protection
® Except Deribit for longer-term hedges for traders with high loss aversion
® EG. A 2d hedge requires 50% of notional as collateral for 95% effectiveness

® But only possible with low levels of default aversion

Carol Alexander 32 /41
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Answers to Research Questions

1. Which product on which exchange is best for hedging?

® Direct USDT perpetuals are more effective than inverse contracts
® Binance, Bybit and OKEx offer similar protection

2. Assuming you use the best product, what is the optimal hedge ratio that also

minimizes the probability of auto-liquidations?

3. If you are highly loss averse (v = 0.4), how much collateral should you keep in

the margin account for 95% hedging effectiveness?
® An 8h hedges requires ~ 20% collateral
® A 24h or longer hedge requires ~ 50% collateral

4. Or, if you are not very loss averse (y = 0.1) how much collateral should you

keep in the margin account for 95% hedging effectiveness?
® An 8h hedge requires ~ 10% collateral
® A 24h or longer hedge requires ~ 20% collateral

Carol Alexander 34 /41
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Periodicity in OKEx Turnover Index
® Turnover on OKEx, relative to Binance, for six 4-hour internals

® Data averaged over period 1 Jan to 31 May 2021

OKEx S.1. Relative to Binance
OKEX S.1. Relative 1o Binance

o
0:00 4:00 500 12:0016:002000 000 400 8:00 12:0016:0020:00
A OKEX S.L(USD) B: OKEX S.1(USDT)

® Inverse perpetual (USD) turnover smaller than direct perpetual (USDT)
® Highest turnover 00:00 — 08:00 UTC [08:00 — 16:00 in China]
® Lowest turnover volumes 16:00 — 24:00 UTC [00:00 — 08:00 in China]
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How Much Leverage?

Long Position on Direct Perpetual

Auto-Liquidation Index

Ll — Liquidation Index — Liquidation Volume
= Hquidation Index = Trading Volume ® Suppose leverage \ used to open long position when perpetual price is Fy =
initial margin IM is %

® Numeraire is total volume of auto-liquidations, can be measured every 4 hrs ® Assume no additional collateral in/out of margin account

® Also decomposed into long and short volumes of auto-liquidations ® Maintenance margin rate is % initial margin rate = ﬁ
Average of 4-hourly Liquidation Indices between 1 Jan and 31 May 2021 ® Collateral in margin account at time 7 is IM — MM, = L):) - %
USD Inverse Perpetuals USDT Direct Perpetuals ° . . .
Binance BitMEX  Bybit  Deribit OKEx | Binance Bybit OKEx Loss on long position at time 7 is [o — I

LI (long) 0.11% 0.34% 0.55% 0.10% 0.17% 0.36% 0.76%  0.44%

® Auto-liquidation occurs at time 7" if loss exceeds collateral, i.e. when:

LI (short) 0.27% 0.37% 0.28% 0.14%  0.19% 0.47% 0.62% 0.31%
Ll (total)  0.39%  0.71%  0.83%  0.23% 0.35% | 0.83%  1.38% 0.75% Fo—F,>5H
0 T By 2\
® More frequent liquidations on USDT direct perpetuals . L o
® Implied leverage is minimum value of A to prevent auto-liquidation
® Most frequent liquidations on ByBit . i
® Found by setting equality above, = A\ = ST

® Contrasts previous results using Ol in denominator
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Implied Leverage How Aggressive are Auto-Liquidations on Different
Long/Short Positions on Direct/Inverse Perpetual Exchanges?
® Similar arguments for short positions on direct d perpetuals, and long [ or
short s positions on inverse perpetuals i yield the following: Al = Aggressive Index = 201 Pl LV + AsSLVY]
STV,

Moo= o T 1N, = -1
)\; z(k‘F Fr) )\: Z(ETF ) ® TV, is total volume traded during time interval ¢
SR /R N P —E— ) I
it = 2(Fi—Fr) st = q(FroFy) T ® LLV,; and SLV, are total size of long and short auto-liquidations

Average implied leverages over all 4-hr internals from 1 Jan to 31 May 2021 © Aggregated over 4-hr intervals

® Also decomposed into long and short indices....

USD Inverse Perpetuals USDT Direct Perpetuals
Binance BitMEX  Bybit Deribit OKEx | Binance Bybit OKEx . . .
Aggressive Indices for Period 1 Jan and 31 May 2021
A 11.26 8.28 12.53 7.04 8.71 12.55 1416  13.51 USD | S tual USDT Direct P tual
As 1495 1438 1523 670 1517 | 12.64  12.61 1041 nverse Ferpetua’s frect rerpetua’®
- Binance  BitMEX Bybit Deribit OKEx | Binance Bybit OKEx

Al (long) 3.52% 4.76% 9.03% 1.93% 3.22% 6.25% 13.12%  5.82%

® Implied leverage like average leverage of all traders on exchange
Al (short) 1.52% 4.37% 3.65% 1.61% 2.41% 3.63% 8.81% 5.63%

® 7X -15X is maximum leverage for positions sizes about 100 BTC (inverse) Al 5.04% 9.13%  12.69% 3.54% 5.63% | 9.89%  21.92% 11.45%
® 10X — 14X is maximum leverage for positions sizes about $15 million (direct) o i X .
® Most aggressive liquidations are on Bybit, especially long positions
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