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Bitcoin Pricing Kernels

Motivation
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Is the market accurately pricing volatility?

Volatile Times…

Bid IV and Ask IV across all instruments and realized volatility on daily base and 21 day 
rolling window. Deribit’s Underlying, a Synthetic BTC USD Index.

Bitcoin Pricing Kernels

Motivation
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The Corona Shock
⊡ Deribit Insurance Fund grows through liquidation orders 
⊡ Interesting data has been captured for the BRC 
⊡ Corona Shock caused spike in Option Writer defaults 

Deribit Insurance Fund denoted in Bitcoin

Bitcoin Pricing Kernels

Motivation
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Bitcoin Pricing Kernels

Deribit
Deribit

⊡ www.deribit.com 
⊡ Largest Bitcoin Derivatives Exchange  
⊡ Controls around 80% of the BTC Derivatives Volume

http://www.deribit.com
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Bitcoin Pricing Kernels

Deribit Data
Deribit

 

⊡ Every executed trade and order book change is saved on 
the BRC server 

⊡ Access with GUI via hu-berlin.de/brc  
⊡ Receive transactions via email

http://ceur-ws.org/Vol-1751/AICS_2016_paper_48.pdf
http://hu-berlin.de/brc
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Pricing Kernels
PK

 

Ct = e−rτ EQ[ψ(ST)] = e−rτ ∫
∞

−∞
ψ(ST)q(ST)dST

Ct = e−rτ ∫
∞

−∞
ψ(ST)q(ST)dST = e−rτ ∫

∞

−∞
ψ(ST)p(ST)

q(ST)
p(ST)
⏟

Z(ST)

dST

Bitcoin Pricing Kernels

The value of a contingent claim at time  with maturity  for underlying  ist T S

With option payoff , riskless rate . 
Risk-neutral pricing according to arbitrage theory 

Ψ(ST) = max{ST − K,0} r

http://pitbulldogbreed.com/trump-family-tag-teams-cnn-first-papa-then-junior/
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State Price Densities
SPD

⊡ Derive the whole risk-neutral probability distribution of the Bitcoin price at 
maturity 

⊡ Use Rookley’s method to derive SPDs 
⊡ Arbitrage-free option pricing for various instruments

̂f(ST) = erτ δ2Ct

δK2
K=St

Ct = e−rτ EQ[ψ(ST)] = e−rt,τ ∫
∞

−∞
ψ(ST)f Q

t (ST)dST

Bitcoin Pricing Kernels
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Word Embeddings

Rookley’s Method
⊡ Estimate IV surface using time to maturity and moneyness 
⊡ Use IV estimates to calculate call prices 
⊡ Second derivative of call prices enables identification of state price densities

IV Decomposition

σ IV = g(m, τ) + σ(m, τ)ε

g(m, τ) = g(m0, τ0)+
∂g
∂M

(m − m0) +
1
2

∂2g
∂M2

(m − m0)2

+
∂g
∂τ

(τ − τ0) +
1
2

∂2g
∂τ2

(τ − τ0)2

+
∂2g

∂M∂τ
(m − m0)(τ − τ0)

Volatility Smile,  
First and Second Derivative 

SPD
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Physical Density
PD

⊡ Historical Density 
⊡ Dynamics of underlying assumed to follow SVCJ 
⊡ Alternatives: SV, SVJ, GARCH

dSt

St
= μdt VtW (s)

t + Z(y)
t dNt

dVt = κ(θ − Vt)dt + VtW (v)
t + Z(v)dNt

Cov(W (t), W (s)) = ρdt
P(dNt = 1) = λdt

Bitcoin Pricing Kernels

Mean Standard Deviation

↵ 0.0170 0.0040
� -0.0570 0.0120
� 0.0150 0.0060
µ 0.0350 0.0140
µv 1.4790 0.3860
µy -0.0020 0.0430
⇢ 0.0010 0.0340
⇢j -0.0000 0.0200
�v 0.0230 0.0050
�y 0.4100 0.0540

<latexit sha1_base64="zYuKTNS+tMhxvjFx5iasx834wZQ="></latexit>

Leverage Effect

Jump Arrival Rate

Log Return w/o Jumps

Volatility of Volatility

α = κτ
β = 1 − κ

SVCJ Simulation from 2020-03-01
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Shape Invariant Models
SIM

 

Ytj = Kt(uj) + εt

Kt(uj) = θt1K0(
u − θt3

θt2
) + θt4

Goal: Collapse different pricing kernels into a single population curve

Bitcoin Pricing Kernels

K (0)
0 (u) = T−1 ∑T

t=1 K̂t(θ(0)
t2 u + θ(0)

t3 )

θr
tj ←

θr
tj

∑t θr
tj

θr
tj ← θr

tj − T−1
T

∑
t=1

θr
tj

K (r)
0 (u) = T−1 ∑T

t=1 K̂t(θ(r)
t2 u + θ(r)

t3 )

Initialization: 

1)Estimate individual regression functions using 
Nadaraya-Watson-Estimator 

2)  Set starting values for Thetas for each point in time 

3)Estimate average Kernel / Reference Kernel

Normalize Parameters

Update Reference Kernel

Loop:

arg min
θtj ∫ℝ

{K̂t(θ(0)
t2 u + θ(0)

t3 ) − θt1Kr−1
0 (u) − θt4}2w(u)du
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Shape Invariant Pricing Kernels

Bitcoin Pricing Kernels

SIM

Pricing Kernels for Instruments 
with one day until maturity.

Shape Invariant Pricing Kernels across 
first, second, third and fourth iteration.
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Pricing Kernels vs. Shape Invariant Pricing Kernels

Bitcoin Pricing Kernels

SIM

Maturity on 2020-03-20, 2020-04-10, 2020-04-17.  
10 Days until Maturity in first row. 14 Days in second row. 
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Trading on Density Deviations
Trading

 

Bitcoin Pricing Kernels

⊡ Idea: If SPD deviates from PD, investors are mispricing certain events 
⊡ Correct mispricing by shorting overvalued contracts and longing undervalued ones 
⊡ Trade a call and a put spread and hold until maturity

State Price Density vs Physical Density.  
Observed on 2020-03-06.

Trading Strategy 
Long Put, Short Put,  
Long Call, Short Call. 

Portfolio Payoff 
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Compare pricing of 2-Days-until-Maturity instruments before and after the Corona Shock: 
Market was underestimating volatility.

Pricing Kernel before the Corona Shock

Bitcoin Pricing Kernels

Trading

Trading Strategy 
Long Put, Short Put, Long Call, 
Short Call. 

State Price Density vs Physical Density.  
Observed on 2020-03-04.
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Market adjusted to our SVCJ simulation after the Corona Shock.

Pricing Kernels adjust quickly

Bitcoin Pricing Kernels

Trading

State Price Density vs Physical Density.  
Observed on 2020-03-21.

Trading Strategy 
Long Put, Short Put, Long Call, 
Short Call. 
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Trading Performance

Bitcoin Pricing Kernels

Trading

⊡ Trading Strategy is profitable 
⊡ Sharpe Ratio is only 0.22 
⊡ Too much directional risk

Daily Trading Returns 
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Bitcoin Pricing Kernels
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