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Bitcoin mobilizes household excess cash 
Households tend to be cautious with risky assets, leaving excess cash idle.

Bitcoin is a high-return, high-risk asset.
If right-sized, it opens a window for idle cash to mobilizes.
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How much Bitcoin should a household hold?

Problem Statement 
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Our Client Profile

Mass Affluent Professional household:
High human capital and discretionary income
Demand for allocating complicated assets
Goal: Long-term capital appreciation

Assumptions & Constraints: 
Target Annualized Volatility: 12% - 15%
Liquidity → Expected Shortfall Cap
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We simulated a portfolio including 4 ETFs
and Bitcoin.

Aligned BTC (24/7) to U.S. trading

days to match other assets.

Used dynamic risk-free rate from the

3-month T-Bill (IRX)
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Understanding Assets: Intuitions

Why equities > bonds?

Equity risk premium to bear the cash-flow and liquidation risk.

Why does BTC earn a return?

Digital Scarcity: Fixed supply (21M coins) plus growing demand forces the price up. 

Network effect / Metcalfe’s Law: The value of the network grows super-linearly in the number of

users. Early adopters are compensated for bearing adoption risk.

Technology risk premium: Positive expected return as compensation for the risk of returning to 0.
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Bitcoin look risky alone, but its low
correlation made it a powerful diversifier
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Bitcoin Characteristics & Statistics

Non-normality
Fat-tail

Market Beta
Structural Shift

Time-varying
Statistics
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Bitcoin Statistics
1 The Fat-Tail Reality
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Bitcoin Statistics
2 Time-varying Statistics
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Bitcoin Statistics
3 Market Beta Structural Shift
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We used MVO and Black-Litterman model to
optimize asset allocation

Phase 1
Mean-Variance Optimization (MVO)

Phase 2
Black-Litterman Algorithm
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MVO can finds the best trade-off between
expected return and risk 

Identifies the asset weights that deliver the best risk-adjusted return.

We designed 6 optimization methods, depending on the end goal

maximize Sharpe ratio

maximize return

Volatility-constrained

10% p.a.

15% p.a.

Expected Shortfall (ES) ≤ 5%

ES ≤ 25%

BTC-USD cap at 10%

Assumption 1: 

Gaussian Distribution 

Reality: 
Fat Tails

Result: 
Left-tail risk ignored, High
MaxDD

Approach:
Introduce the ES 
constraint
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Mathematical equations for MVO - max
Sharpe Ratio
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Mathematical equations for MVO - volatility
cap
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Mathematical equations for MVO -
Expected Shortfall (ES) ≤ 5%
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Mathematical equations for MVO - BTC-USD
cap at 10%
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Bitcoin doesn't just add return — it displaces less
efficient assets across every scenario
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Adding Bitcoin at the optimal weight has
achieved our objective
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Why MVO is limited?
Assumption 2: 

No Estimation Error

Assumption 3: 

Backward Looking: Historical

data as input (Stationarity)

Reality: 

Non-stationary returns

Structural/Regime Shift +

Time-varying Stats of BTC

Result: 

Corner Solutions

Error Maximization → GIGO

Evidence:

1.Corner Solutions: In "Max Sharpe",  TLT(bonds) and VEU(intl

stocks) are set to 0, completely ignoring diversification.

2.Backward/Error Maximization: The model heavily

concentrates capital only in the assets with the highest

historical returns during this specific period (SPY, GLD, and

BTC), treating past performance as absolute future certainty.

Approach: Combine Forward and

Backward Looking

For Risk (Covariance Matrix): Data

Truncation, discard pre-2017 data.

For Expected Returns: Look Forward,

abandon historical sample means.
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Black-Litterman model combines the
market's prior with investors’ own views

Black, F., & Litterman, R. (1990). Asset allocation: combining investor views with market equilibrium. Goldman Sachs Fixed Income Research, 115(1), 7-18.
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Black-Litterman stabilizes expected returns
before MVO finds the optimal weights

We designed 3 views

Bitcoin will outperform international equities (VEU) by 15% per year.

The S&P 500 (SPY) will return 10% per year.

Gold (GLD) will outperform long-term Treasuries (TLT) by 3% per year.
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Mathematical equations for Black-
Litterman Model

posterior expected return
confidence in the equilibrium prior
covariance matrix
link matrix
uncertainty in the views
implied equilibrium prior returns
the view's expected return
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Black–Litterman is pulling those extremes back to
reality
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Recommendation and Stance
Risk-Managed Pro-Crypto: hold 5-10% BTC.
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Limitations & Future
Enhancements

5

1.BL input: Static expected return →
Dynamic expected return based on
macro-driven signals

2.Adopt Dynamic/Non-stationary
Covariance: EWMA or Ledoit-Wolf
shrinkage matrix to capture dynamic
correlations.

3.Higher-moment optimization.
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Thank You
Zhongyi Guo, Yiran Feng
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