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Structural Break

Correlations from DCC(1,1)-GARCH(1,1)

Dynamic Correlation between Bitcoin and S&P500 returns: Pre- and Post-futures
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Bitcoin Return Predictability Puzzle

Tpi+1 = Qo + A1t + €441

&xxx

Predictor coefficient  t-statistic R?

Ty ( (NW) (%)

Ot 0.001 0.049 0.000
3y -0.002 -0.735 0.063
covy 2.682 0.664 0.063
Apy -0.153 -3.682 1.055
Ap; (pre-COVID) -0.153 -2.888 1.079
Ap; (LAD) -0.129 -3.816 1.017
Ap; (Rank) -0.142 -4.085 1.039
Apy (INT) -0.134 -3.598 1.787
Ap; (Trimmed) -0.245 -2.824 1.255

In this analysis, we use post-futures data at daily frequency.
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Bitcoin Return Predictability Puzzle

Thi+1 = Ao T Q1T + €441

Predictor coefficient  t-statistic R?
Ty 1y (NW) (%)
< 0.001 0.049 0.000
x 3 -0.002 -0.735 0.063
X covy 2.682 0.664 0.063
v, Ap -0.153 -3.682 1.055
Apy (pre-COVID) -0.153 -2 888 1.079
Ap; (LAD) -0.129 -3.816 1.017
Ap; (Rank) -0.142 -4.085 1.039
Apy (INT) -0.134 -3.598 1.787
Ap; (Trimmed) -0.245 -2.824 1.255

In this analysis, we use post-futures data at daily frequency.
» No Bitcoin return predictability from p;, f8;, or cov,

? we would expect investors directly learn p;

> Increase in correlation p; predicts lower Bitcoin returns
? high p,—> small benefits from diversification — expect high RP to compensate

— but negative coefticient of Ap; suggests lower returns after an increase in correlation
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Bitcoin Demand

the optimal weight on Bitcoin

S Ui — PtO¢
b,t — * * * * *
C (g = peal) + (of — pepp)o;

Max Sharpe Ratio!

Conditional risk premium ratio py =ty ¢ /tm

Conditional volatility ratio oy =0y, . /o ¢



Bitcoin Demand

the optimal weight on Bitcoin

S Ui — PtO¢
b,t — * * * * *
C (g = peal) + (of — pepp)o;

Max Sharpe Ratio!

Conditional risk premium ratio py =ty ¢ /tm

Conditional volatility ratio oy =0y, . /o ¢

=) wy, (s, 0f, pe) as a proxy for conditional Bitcoin demand!

Investors learn about (u;, o7, p;) and adjust their portfolios



Bitcoin Demand

1. First layer Bitcoin demand decomposition

— (c+v) — (mean)  —
Wyt — Wh ~ [wb . — Wy + [wb’t — Wy
Non-speculative Speculative
wp = wp(u*, 0%, p)
Wé’?ean) 2 wy,(ug, 0%, p) mm) investors only learn iy
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Bitcoin Demand

1. First layer Bitcoin demand decomposition

— (c+v) — (mean)  —
Wyt — Wh ~ [wb . — Wy + [wb’t — Wy
Non-speculative Speculative
wp = wp(U*, 0%, p)
Wé’?ean) 2 wy,(ug, 0%, p) mm) investors only learn iy
(c+v)

wy, = wy(u¥,of,p;) Em) investorsonly learn (o, p;)

2. Second layer Bitcoin demand decomposition

ct+v — cor — vol —
wéf)—wb"’[ ét )—”wb]Jr[wét ) )]

7/
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from correlation from volatility



Bitcoin Demand

3. Bitcoin demand change decomposition

1 A ? B (cor) (vol) (mean) ]
AWp (1)t = Wht = Whp—1 = AWy gy, T AWy 7y + AWy gy, + €1



Bitcoin Demand

3. Bitcoin demand change decomposition

A

Atub,(f—l):t f: tUb,t — tUb,t—l — A’(U(COT) —|— A’(U ' -
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Bitcoin Demand

3. Bitcoin demand change decomposition

A

Aoy 2w = ey A Awly A A e

non-speculative speculative
O

estimation

DCC(1,1)-GARCH(1,1) Engle (2002)

» obtain (g, p;) estimates
> set u* = 1 for simplicity
> use median of (a/, p;) for (c%, p)

Presented by George Tian Sequential Learning, Asset Allocation, and Bitcoin Returns



Equilibrium Model: Intuition

BTC Investors

Speculative Investors
(ue, 0%, p)

< 4

Non-speculative Investors
(‘Lt*, O-;' pt)

conditional correlations affect subsequent Bitcoin prices through
asynchronous portfolio rebalancing

Presented by George Tian
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Equilibrium Model: Intuition

BTC Investors

Speculative Investors Non-speculative Investors
(43, a",p) ¢ > (&, 0t pe)

conditional correlations affect subsequent Bitcoin prices through
asynchronous portfolio rebalancing

t t+1
© o
S| trade based on pg¢ (or P, ;) trade based on ;1 (or Py ;4 1)
NI buys BTC from S| Equilibrium
delay in order executions .
N| estimate p, (then set ng":“”)) y rebalance portfolio at t+1
’ asynchronous
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Data Description

1. Data Source

» Cryptocurrency price levels from coinmarketcap.com
» Bitcoin attributes data from Blockchain.com

» Equity market and forex data from investing.com
» Daily treasury yield from US Department of Treasury



Data Description

1. Data Source

» Cryptocurrency price levels from coinmarketcap.com
» Bitcoin attributes data from Blockchain.com

» Equity market and forex data from investing.com
» Daily treasury yield from US Department of Treasury

2. Specs

» Daily closing price; different closing hours
» Holidays and weekends

» International equity markets

» Bitcoin future contracts introduced in December 2017
v" whole period 01/01/2015 - 12/31/2020
v' pre-futures period 01/01/2015-12/17/2017
v'  post-futures period 12/18/2017 —12/31/2020



Bitcoin Return Predictability

Predictive Regression

rp 1 = bo —}—‘w ;T bzﬁw( (t—1): -|-@‘ T St

effects of change in demand due Control variables

to the learning of correlation on o Tyt PBr,Volume,, and EPU,
subsequent BTC returns o Market attributes (M)

o Blockchain attributes (B)

o Extralagged returns (L)
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Bitcoin Return Predictability

Predictive Regression

I'bt4+1 — bg +'u* + bzAu* (vol) +@‘ + & St+1

effects of change in demand due Control variables

to the learning of correlation on o Tyt PBr,Volume,, and EPU,
subsequent BTC returns o Market attributes (M)

o Blockchain attributes (B)

o Extra lagged returns (L)

» Stambaugh bias?
» Sample size sufficient?

» Look ahead bias?



Bitcoin Return Predictability

cor vol
"ot+1 = bo + blAwZE?(t_)l);t + by Aw| _)1);t + Zyy + €41

b,(t
Predictor Post-futures Post-futures before COVID-19
(12/18/2017 to 12/31/2020) (12/18/2017 to 02/29/2020)

(1 @) (3) (4) (5) 6 (@ (8) (9 (0

Awy 051 047 047 047 0.50 048 047  0.48
(4.15) (2.89) (2.91) (2.80) (3.16) (2.78)  (2.63) (2.37)

Awy 1)t 0.06  0.03 0.04 0.03 019 -023  -022  -0.20
(0.42) (0.28) (0.30)  (0.20) (-1.27) (-1.66) (-1.67) (-1.56)

Fht 042 042 -0.42 022 -023  -0.22
(-1.79) (-1.76) (-1.74) (-0.83) (-0.83) (-0.82)

B, 0.04 0.06  0.07 0.06 007  0.09
(0.22)  (0.31) (0.31) (0.28)  (0.32)  (0.40)

Volumey, ; -0.58  -0.55  -0.55 -0.74  -091  -0.87
(-2.59) (-1.35) (-1.39) (-3.52) (-1.93) (-1.78)

EPUy , 0.63 0.64 063 0.21 0.20 0.21
(1.71)  (1.68) (1.76) (0.98)  (0.93)  (0.96)

Controls M MB  MBL M MB  MBL

R? (%) 115 001  3.94 3.09  4.00 117 016 404  4.14 4.38

Adj.R? .02 -0.12 292 2.71 2.47 0.99  -0.02 262 236 2.24

Newey-West t statistics are reported in parenthesis.
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Bitcoin Return Predictability

I'bt+1 — b(} -+ blAw

(cor)

b, (t—

1ot + by Aw

(vol)
b,(t—

1yt T4V TS

Predictor Post-futures Post-futures before COVID-19
(12/18/2017 to 12/31/2020) (12/18/2017 to 02/29/2020)

1 @ (3) (4) (5) (6) (7) (8) 9  (10)

Awy7 | 051 047 047 047 0.50 048 047 048
(4.15) (2.89)  (291)  (2.80) (3.16) (2.78)  (263) (2.37)

Awg 0.06 003 004 003 019 -0.23  -022  -0.20
(0.42) (0.28) (0.30)  (0.20) (-1.27) (-1.66) (-1.67) (-1.56)

o 042 042 -042 0.22  -023  -0.22
(-1.79) (-1.76) (-1.74) (-0.83) (-0.83) (-0.82)

B, 0.04 006 007 006 007  0.09
(0.22) (0.31) (0.31) (0.28) (0.32)  (0.40)

Volumey,, 0.58 055  -0.55 0.74  -091  -0.87
(-2.50) (-1.35) (-1.39) (-3.52) (-1.93) (-1.78)

EPU,, 0.63 064 063 021 020 021
(L71)  (1.68)  (1.76) (0.98)  (0.93)  (0.96)

Controls M MB  MBL M MB  MBL
R? (%) 115 001 394 399  4.00 117 016 404 414 438
Adj.R? .02 -0.12 292 271 247 0.99 002 262 236  2.24

Newey-West t statistics are reported in parenthesis.
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Uncertainty in Portfolio Weights

cor vol
Why aw @), not At 2

Consideran AR(1) =z =ag+ a12—1 + €

* [
ze = (07 ,p) or (wyy” ,wy™)

L2 DCC-GARCH est. Portfolio weights
# (vol) {cor)

0y Pt Wy Wye

q 0.92 0.98 (.92 0.98
(0.01) (0.01) (0.01) (0.01)

var(eg) 0.16 0.05 11.13 0.37
carle ) 3.48 30.12

Estimation is obtained by the Post-futures sample. Standard errors are reported in parenthesis.
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Uncertainty in Portfolio Weights

(cor) (vol) ?
Why Aw, ", not Awye)

Consideran AR(1) =z =ag+ a12—1 + €

l
ze = (07 ,pp) or Wyt Wy

2 DCC-GARCH est. Portfolio weights
* (vol) (cor)
Ty Pt W 4 Wh ¢
aq 0.92 0.98 0.92 0.98
(0.01) (0.01) (0.01) (0.01)
var(e;) 0.16 0.05 11.13 0.37
rar 3.48 30.12

Estimation is obtained by the Post-futures sample. Standard errors are reported in parenthesis.

I:> Investors disregard the noisy volatility-ratio signals!
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Global Equity and Crypto Markets

Fesrr = bo HoiAw!” 4,y for c€{BTC,ETH, XRP}

b,(t—1):t

Coefficient estimates Newey-West t-stat R? (%)

BTC ETH XRP BTC ETH XRP BTC ETH XRP
S&P500 0.51 0.81 0.68 415  4.10  2.75 1.15 1.75 0.83
NYSE 0.48 0.75 0.57 345  3.73 191 1.02 1.51 0.57
NASDAQ 0.50  0.86 0.61 420 4.32 261 1.07 199 0.66
China 0.55  0.80 0.78 3.29  3.23 297 1.30  1.64 1.08
Japan 0.59  0.68 0.86 2.83 237 280 1.42  1.13 1.22
India 0.96 1.15 0.86 2.05 183 197 4.00 347 1.32
UK 0.46  0.62 0.56 3.20  3.16  3.29 0.93 1.04 0.56
Germany 0.45  0.67 0.74 237 326  3.03 0.92 123 1.04
France 0.40  0.60 0.65 257 279 284 0.73 0.95 0.77
Italy 0.21  0.32 0.43 1.21  1.28 1.89 0.19 0.29 0.36
Equal-weighted 0.53  0.79 0.75 3.55 3.96  3.25 1.25 1.65 1.01
GDP-weighted 0.62 0.94 0.86 458 4.74  3.68 1.71 238 1.34
Volume-weighted 0.61  0.92 0.80 491 485  3.50 1.62 224 1.16
Combination forecast  0.60  0.86 0.85 397 439 3.64 1.56 1.98 1.28
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Out-of-Sample Predictability

Evaluation period

1/2/2019 to 12/31,/2020

1/2/2019 to 2/29/2020

OLS WLS LAD Rank OLS WLS LAD Rank
Au.‘é_cl,ir_']“:t, from S&P500
R?.S (%) 1.29 1.17  0.92 0.97 1.47 1.36 1.07 1.07
R (%) 107 154 232 2.33 149 207 349 352
R% (%) 008 040 119 120 055 004 149 152
P-value of DM test 0.54 0.31 0.01 0.01 0.56  0.50 0.02 0.02
Au;f_] 1. globally aggregated by GDP
R2s (%) 149 149 126 1.16 101 060 038 050
RE‘JS (%) 1.37 1.95  2.86 2.84 1.56 230 3.61 3.67
R%s (%) 023 081 174 171 048 027 161 168
P-value of DM test 047 026  0.04 0.04 0.63 047 0.06 0.06
Ap(s—1):, from S&P500
R2s (%) 111 092 078 0.8 153 142 111 1.04
R (%) 092 141 213 217 136 197 320 3.36
RE‘TS (%) -0.22  0.27 1.00 1.04 -0.68 -0.07 1.29 1.35
P-value of DM test 0.63 037 0.01 0.01 0.60 054 0.02 0.02
Ap(s—1):, globally aggregated by GDP
R2, (%) 120 127 101 099 095 056 026 0.40
R (%) 122 175 246  2.55 149 223 347 354
R% (%) 008 061 134 142 056 020 146 154
P-value of DM test 0.61 047 0.04 0.04 053 027 0.01 0.01

Presented by George Tian

Technical details

* Data before 2019 for training. Re-estimating the
predictor and b1 everyday with an expanding
window.

* RZ%:in-sample R?

. R%S: out-of-sample R? against historical averages

« R%5: out-of-sample R? against zeros

* DM test: whether a prediction is better than
a naive forecast of zero

* Models: OLS, Weighted Least Square, Least

Absolute Deviation, and a Rank-based regression

Main takeaways

+»+ Strong OOS predictability in general

+» Change in weight predictor beats change in
correlation predictor

+» Predictability from using global equities is

better than that from using S&P500 alone

Sequential Learning, Asset Allocation, and Bitcoin Returns



Conclusions

1) Dynamic correlation:
Bitcoin’s changing narrative characterized by dynamic correlation with
stock markets since the introduction of Bitcoin futures.

2) Bitcoin return predictability “puzzle”:
Increase in daily Bitcoin demand change due to dynamic correlation
predicts higher subsequent Bitcoin returns (puzzling predictor & sign)

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

4) Asynchronous portfolio rebalancing:
We use an equilibrium model to explain how Bitcoin return predictability
can be generated through asynchronous portfolio rebalancing



Thank You!
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