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Structural Break in Correlation
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Dynamic Correlation between Bitcoin and S&P500 returns: Pre- and Post-futures

Correlations are time varying only after the inception of Bitcoin futures!

How does it affect investors’ behavior who seek portfolio optimization?



Bitcoin Demand Proxy
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Optimal weight on Bitcoin (in a BTC-stock market portfolio)

Presented by George Tian

𝑤𝑤𝑏𝑏,𝑡𝑡 =
𝜇𝜇𝑡𝑡∗ − 𝜌𝜌𝑡𝑡𝜎𝜎𝑡𝑡∗

𝜇𝜇𝑡𝑡∗ − 𝜌𝜌𝑡𝑡𝜎𝜎𝑡𝑡∗ + (𝜎𝜎𝑡𝑡∗ − 𝜌𝜌𝑡𝑡𝜇𝜇𝑡𝑡∗)𝜎𝜎𝑡𝑡∗

• Conditional risk premium ratio 𝜇𝜇𝑡𝑡∗= 𝜇𝜇𝑏𝑏,𝑡𝑡 / 𝜇𝜇𝑚𝑚,𝑡𝑡

• Conditional  volatility ratio 𝜎𝜎𝑡𝑡∗= 𝜎𝜎𝑏𝑏,𝑡𝑡 / 𝜎𝜎𝑚𝑚,𝑡𝑡

Max Sharpe Ratio!

𝑤𝑤𝑏𝑏,𝑡𝑡
(𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) ≜ 𝑤𝑤𝑏𝑏 𝜇𝜇𝑡𝑡∗,𝜎𝜎∗, �̅�𝜌 investors only learn 𝜇𝜇𝑡𝑡∗

𝑤𝑤𝑏𝑏,𝑡𝑡
(𝑐𝑐𝑐𝑐𝑐𝑐) ≜ 𝑤𝑤𝑏𝑏 𝜇𝜇∗,𝜎𝜎∗,𝜌𝜌𝑡𝑡 investors only learn (𝜌𝜌𝑡𝑡)

𝑤𝑤𝑏𝑏,𝑡𝑡
(𝑣𝑣𝑐𝑐𝑣𝑣) ≜ 𝑤𝑤𝑏𝑏 𝜇𝜇∗,𝜎𝜎𝑡𝑡∗, �̅�𝜌 investors only learn (𝜎𝜎𝑡𝑡∗)

Bitcoin Demand Decomposition non-speculative + speculative

DCC(1,1)-GARCH(1,1) for estimation 



Bitcoin Demand Proxy
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Daily Bitcoin Return Predictability
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Data are at daily frequency. Newey-West t statistics are reported in parenthesis.

0.5% higher 
returns with 1 
std demand 
increase 

30 times 
higher est. 
uncertainty 
(noisy signal)



Equilibrium Model: Intuition
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BTC Investors

Speculative Investors
𝜇𝜇𝑡𝑡∗,𝜎𝜎∗, �̅�𝜌

Non-speculative Investors
𝜇𝜇∗,𝜎𝜎𝑡𝑡∗,𝜌𝜌𝑡𝑡

____________________________________________t t+1

estimate 𝜌𝜌𝑡𝑡 (then set 𝑤𝑤𝑏𝑏,𝑡𝑡
(𝑐𝑐𝑐𝑐𝑐𝑐))

SI

NI

trade based on 𝜇𝜇𝑡𝑡∗ (or 𝑃𝑃𝑏𝑏,𝑡𝑡) 

rebalance portfolio at t+1

NI buys BTC from SI

trade based on 𝜇𝜇𝑡𝑡+1∗ (or 𝑃𝑃𝑏𝑏,𝑡𝑡+1) 

delay in order executions

asynchronous

Equilibrium

“asynchronous portfolio rebalancing” 
links increase in BTC demand due to 𝜌𝜌𝑡𝑡 (or decrease in 𝜌𝜌𝑡𝑡) to higher subsequent BTC returns!



Highlights
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1) Bitcoin return predictability:
Increase in daily Bitcoin demand change due to dynamic correlation 
predicts higher subsequent Bitcoin returns

2) Rational asset allocation:
The empirical pattern is consistent with investors' learning on time-
varying correlations and practice on rational portfolio optimization

3) Asynchronous portfolio rebalancing: 
We use an equilibrium model to explain how Bitcoin return predictability 
emerges from asynchronous portfolio rebalancing

4) The paper also explains:
- Why predictability from                      not 
- Is there out-of-sample predictability?
- other Bitcoin demand proxies?
- Does the evidence show up in other cryptos and other equity markets?
…
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