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Introduction

Since the arrival of Bitcoin in 2009 and Ethereum in 2015, Digital Assets (DAs) have gained significant
attention from retail and institutional investors alike. Most broadly, DAs are any assets that can be
created and stored digitally, and contains or stores value, enabling digital transfer of ownership. The
arrival of cryptocurrencies in 2009, and blockchain?® technology, ushered in a new wave of DAs, moving
beyond stores of value, to non-fungible tokens (NFTs) which grant access to, or ownership of virtual
items, including games, and virtual land, stable coins, central bank digital currencies, and security tokens
for underlying financial assets.

While initially designed as decentralized mediums of exchange, DAs now play a number of different
roles, driving the growth of a heterogeneous asset class in which different DAs perform different functions
on a blockchain. We note the distinction between the broader set of DAs, and cryptocurrencies, which
are a smaller subset of DAs, and principally used as mediums of exchange.

Growing interconnectivity between cryptocurrencies and traditional financial markets raise key questions
about their relationships with other asset classes, particularly as cryptocurrencies have developed as
investment assets in the global financial system. In recent years, some of the key developments have
been:

— October 15, 2021: The U.S. Securities and Exchange Commission (SEC) approved the first Bitcoin
futures exchange-traded fund (ETF), allowing investors to gain exposure to Bitcoin through regulated
financial products

— January 10, 2024: The SEC granted approval for 11 spot Bitcoin ETFs, enabling direct investment in
Bitcoin through traditional financial markets

— May 23, 2024: The SEC approved the first Ether ETFs, providing investors with regulated avenues to
invest in Ether

In this paper, we examine the correlation of returns between DAs, and financial assets, using FTSE
Russell index multi-asset class data since their inception. In that regard, the paper should be seen as
complementary to our earlier paper on the Correlation of Multi-Asset returns?. Specifically, we examine:

1. Cross-Correlations: The static and time-varying relationships between cryptocurrency returns and
traditional asset classes, including equity indices (Russell 1000 and Russell 2000), fixed income asset
classes, and industry components from these indices across technology, energy, and alternative
energy.

2. Rolling Correlations and Betas: The stability and evolution of these relationships over time is
assessed, measured through rolling correlations and beta metrics, to capture shifts in market
dynamics and potential regime changes.

3. Macroeconomic Context: We also assess the broader macroeconomic context and its influence on
the correlations between cryptocurrencies and traditional financial assets, with a focus on inflation,
monetary policy and financial conditions.

* A blockchain is a secure database, which is shared across a network of participants, and with information available to all participants at the
same time.
2 “Multi-asset return correlations — a new regime, or an era of instability”, FTSE Russell, June 2024.
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Correlations and portfolio
diversification benefits from Digital
Assets

Understanding the relationships both between DAs and other financial assets, and between individual
DAs is key for evaluating their diversification potential, risk dynamics, and responses to shared market
forces. Correlations offer a means of identifying and assessing these relationships, capturing the degree
to which asset returns move together over time. Understanding the relationship between these asset
classes is increasingly important, as investors seek diversification, hedging opportunities, and enhanced
portfolio management strategies.

The paper addresses critical questions facing investors and asset allocators in the DA space, namely:

1. Do DAs exhibit consistent correlations with traditional asset classes, and how stable are
these correlations?

2. How have these relationships evolved in response to macroeconomic shocks, and what does
this tell investors?

3. Do the correlations reveal information about the underlying characteristics of DAs, i.e. is
Bitcoin a commodity and digital gold?

4. Do the correlations with DAs shift from one asset class to another?
5. And what role can cryptocurrencies play in modern investment strategies?

We do not address related questions about the liquidity, maturity and investability of DAs as an asset
class for institutional investors. Nor do we assess notions of underlying intrinsic, or fair value in DAs, in
this paper, but intend to address those topics in future research. We do observe however, that DAs are
not unique in being devoid of universally accepted metrics for fair value, including gold.

Assessing Bitcoin and Ether
correlations with traditional asset
classes

To answer these questions, we assessed the (3 month rolling) Pearson correlations of DA returns with
traditional asset classes, using monthly FTSE Russell data since 2011. Since Bitcoin and Ether are the
DAs with the longest time series, and are most frequently traded, we used monthly FTSE Russell data on
these DAs. Indeed, we note that Bitcoin and Ethereum have a market capitalisation weight of around
90% of all DAs (from the FTSE Digital Asset Total Cap Index).

The time series for these DAs is also long enough to capture the structural economic shocks from Covid
19, and the inflation and monetary tightening that followed it, enabling the impact of macroeconomic
shocks and the stability of the correlations to be assessed. The results are shown in Table 1.

FTSE Russell




Global Investment Research | Digital Assets

Table 1 Correlation of asset returns between DAs and other asset classes

Correlation of returns g(i)tfg_in

Asset class 2024

Bitcoin 1.00 1.00 1.00 0.47 0.38 6.75

Ether 0.47 038 /o075 \ 100 100 [/ 100 \

R1000 0.18 000 [ 058 | 020 005 | 062 |

R2000 0.16 006 [ os6 | 0.4 015 [ os9 |

US Tech. 0.16 0.08 0.52 0.23 0.05 0.59

US Financials 0.18 0.11 0.53 0.07 022 0.50

US 7-10 yr Treas. 0.03 0.00 0.09 0.17 0.17 0.16

US 7-10 yr inflation 0.08 0.00 0.35 0.16 0.16 0.49

linked

US IG credits 0.11 004 | 03¢ [ o020 000 | o0a1 |

US HY credit 0.15 006 | 049 | 022 001 | 055 |

Gold 0.05 008 \ 015 [ 017 023 | 013 |

US dollar -0.01 003 \-022/ 022 024 \-022/
Source: FTSE Russell Monthly data 2011 to 2024 S \/

A striking increase in correlations of
DA returns with risk-on assets post-
Covid, emerges

Several key results emerge from Table 1. Perhaps most strikingly, the correlation of returns between the
selected DAs and other asset classes has (a) not been consistent, and (b) for risk-on assets, has
generally increased sharply since the Covid-shock in 2020. Furthermore, the overall correlation between
Bitcoin and Ethereum is 0.47, signalling the different functions these DAs play with Ether now a key
alternative cryptocurrency, particularly in decentralised finance. The correlation between Bitcoin and
Ether returns also increased sharply after the Covid-shock, from 0.38 to 0.75, which may be due to the
dominant impact of higher rates across investment asset classes.
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....with low, or negative correlations
with safe havens like Treasuries and
US dollar...

7-10 year US Treasuries are the only asset class with which DA correlations did not increase
meaningfully post-Covid, and the US dollar the only asset showing negative correlation to Bitcoin and
Ether since Covid (see Chart 1 below). Since 10-year US Treasuries and the US dollar are generally
regarded as risk-off financial products, assets of choice during financial shocks, this is provisional
evidence that Bitcoin and Ether are risk-on assets.

....but much stronger correlation with
high yield indices and the Russell
1000 and 2000

Indeed, this is confirmed by risk-on assets, like the FTSE Russell 1000 and 2000, showing the highest
correlation of all asset classes with DAs, post-Covid, at 0.56 — 0.62. And again, the correlations of BTC
and Ether (ETH) with US high yield, the most “risk-on” of fixed income asset classes, are significantly
higher than with US Treasuries or higher quality investment grade credits, at 0.49 — 0.55 post-Covid.

Recent DA correlations with fixed
Income point to inflation-hedge / store
of value?

Within fixed income, it is also notable that although the correlation between conventional US Treasuries
and DAs increases only marginally, post-Covid, the correlation with US Tips, or inflation linked bonds
does increase quite sharply, from zero to 0.35 post-Covid, for Bitcoin, and a similar increase in
correlation occurs for Ether with US Tips, after the Covid and inflation shocks. This may suggest Bitcoin
and Ether share some inflation-hedge/store of value characteristics with US Tips.
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Multi-asset correlations increased
sharply after Covid inflation and rates
shock...

The 36-month rolling correlation between Bitcoin and US equities is shown in Chart 1 below, since 2014.
The Chart shows that correlations increased steadily across a range of assets with both Bitcoin and
Ether, between 2020 and 2022, where they have remained since. However, the increase is not as
dramatic as the correlation between bonds and equity returns, which increased later but much faster,
coincident with the US Fed raising interest rates from March 2022 to July 2023.

...as higher discount rates crushed
the present value of future cash flows

Different theories can fit the same set of facts, but a plausible narrative here is that the macro-economic
shock of higher inflation, and interest rates, became the dominant driver of (negative) returns across
asset classes in this period, causing the correlation of returns to increase sharply. With much higher
discount rates applied to future cash flows, the present value of future cash flows was reduced across
asset classes in this period, for both safe havens and risk-on assets alike.3

The other feature of Chart 1 is that the rolling correlation for returns appears to have converged between
0.5 and 0.6 for most asset classes, consistent with “higher for longer” Fed interest rates. Looking at
equity sub-sectors, Bitcoin correlations with the Tech sector do not diverge significantly from those with
the Russell 1000, or Financials (see Table 1 above), which may partly reflect the high market weight of
Tech in the Russell 1000 and a Fintech effect in Financials.

3 Also see Time to trim some (inflation) hedges? | LSEG, January 2023.
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Chart 1: Rolling correlations of DAs with selected asset classes

36 Month Rolling Correlations
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Source: FTSE Russell, data from September 2014 to September 2024, monthly data.

A note of caution in interpreting the
results and the transitional regime

Clearly, the relatively short time series on which the correlations are based means caution is required in
interpreting the results. The scale of the macroeconomic shocks from both Covid and then inflation from
2020-2023 also occurred during the early years of DA development, so extracting true financial signals
from the noise is more challenging. Correlations may also change as the blockchain settles down and
transitions to a more stable regime, and as investors become more comfortable with investment use

cases and notions of fair, or equilibrium value. This may contribute to lower volatility in DAs over time, as
the asset class matures.

Bitcoin — a fool’s gold or digital gold?

Prima facie, one of the more surprising of the correlation results in Table 1 is that the correlation of the
gold price with Bitcoin only turns positive after Covid, particularly if Bitcoin and Ether correlations with US
Tips suggest they hold some store-of-value characteristics. In addition, both gold and Bitcoin are
alternative assets that face restrictions on supply. Fed Chairman Powell recently noted “(Bitcoin)... is just
like gold, only it's virtual. It's digital..... It's highly volatile™. Several earlier studies have stressed the
similarities between gold and Bitcoin, from the supply constraints, to the decentralised and distributed
mining and ownership®. But if Chairman Powell is correct, and Bitcoin is just like gold, why is the
correlation with the gold price barely positive?

4 Fed Chairman Powell interview at Dealbook Summit, Dec 4, 2024.
5 Is Bitcoin the new digital gold?
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Can the low gold / Bitcoin correlation
puzzle be resolved?

To assess this, we first present the gold and Bitcoin prices overlaid in Chart 2. Both asset classes did
well in 2019-2020, as the Fed first eased policy, then adopted a zero-rate policy, in March 2020, and
flooding markets with liquidity and QE asset purchases, though the gold price peaked much earlier, in
July 2020. Indeed, Bitcoin prices did not peak until September 2021, and the correlation of returns
collapsed in 2020-2021. Both asset classes fell during the monetary contraction in 2022, before
bottoming out in November 2022, well before the Fed finished raising rates in July 2023. But note the
correlation between gold and Bitcoin prices rose during the inflation spike in 2021-2022, perhaps
suggesting new institutional demand for Bitcoin as a store of value.

Chart 2: Gold and Bitcoin prices
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Source: FTSE Russell, monthly data from September 2014 to September 2024.

The other feature of Chart 2 to note is that the volatility of the Bitcoin price remains much higher, even if
directionally, there has been a positive correlation of 0.15 between gold and Bitcoin since 2020
particularly, and both have performed well as stores of value, since 2019. Gold’s relatively low volatility
increases its appeal as a store of value.
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Underlying gold / Bitcoin correlations
may be depressed by a substitution
effect...

High volatility in Bitcoin prices, and the variation in the importance of safe haven and store of value
characteristics in financial markets may obscure the underlying or “true” correlation between gold and
Bitcoin returns, resulting in the low correlations found in empirical work®. Alternatively, there could be a
substitution effect at play, whereby investors switch from gold to Bitcoin, or vice versa, depressing the
correlation found between the two asset classes’.

...Or the true correlation may just be
low, as gold’s correlations are with
other assets

But the true correlation may simply be low, reflecting the fact that Bitcoin and Ether are predominantly
risk-on assets, whereas gold has a long-established trading history as a “safe haven” asset, even if they
do share some store of value characteristics. Due to its long history, gold also has a range of well-
established use cases both as a “safe haven”, and store of value, including central bank reserves, long-
term investments and global savings, as well as jewellery and industrial uses. After all, the Gold Standard
was the foundation of the international monetary system from 1870 — 1914, designed to prevent
excessive liquidity creation and inflation.

This diversity of demand, zero coupon and range of uses, means the relative volatility of gold, and
correlations with other asset classes is low®. In contrast, it could be argued Bitcoin’s strongest use case is
still to reflect blockchain adoption, hence the stronger correlation to US Tech stocks, shown in Table 1.

Chart 3 shows the highly variable correlation in returns of Bitcoin, Ether and gold prices since 2014. Note
that in periods of extreme financial stress, like the initial outbreak of Covid in March 2020, the correlation
of Bitcoin and Ether with a safe haven like gold does fall sharply, as Bitcoin shows risk-on characteristics,
and falls with equities, before recovering when the Fed adopts QE purchases and floods markets with
liguidity. This is consistent with some of the early econometric work on Bitcoin®.

¢ See “Dynamic linkage between Bitcoin and Traditional Financial Assets: A comparative Analysis of Different Time Frequencies”, Panpan Wang,
Xiaozing Liu and Sixu Wu, Entropy, Basel, October, 2022.

7 See “The Bitcoin gold correlation puzzle,” Dirk Baur, Lai Hoang, Journal of Behavioural and Experimental Finance, December 2021.

8 See Asset Allocation Insights — December 2024 | LSEG

9 “Bitcoin is not the New Gold — A Comparison of Volatility, Correlation, and Portfolio Performance” — Tony Kleina, Hien Pham Thuc, Thomas
Walthera, International Review of Financial Analysis, 2018.

FTSE Russell
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Chart 3: 36 Month rolling correlation of DAs with gold price

Rolling Correlations of DAs with Gold price
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Source: FTSE Russell, monthly data from September 2014 to September 2024.

Further evidence that Bitcoin and Ether are not risk-off assets may be found in the very low, and negative
correlations with the US dollar index, of 0.22 shown in Table 1, post-Covid for both DAs. These negative
correlations have predominated for Bitcoin since 2014, as Chart 4 shows, and actually become greater
since Covid. This also suggests Bitcoin and Ethereum could play a role as hedges against US dollar
weakness in multi-asset portfolios, given the negative correlations now emerging.

Chart 4: Rolling correlations of Bitcoin with the US dollar index
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Source: FTSE Russell data from September 2014 to September 2024. Correlation of monthly returns
data.
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Because the period of pronounced US dollar index strength since early 2022 has been combined with a
sharp increase in US short interest rates, until September 2024, US dollar short interest rates may also
be a driver of this low correlation. To assess this, we examined the relationship between both US short
interest rates and broader US financial conditions, and Bitcoin returns. Chart 5 shows Bitcoin prices
appreciated in the early phase of the 2017-2018 Fed tightening cycle, but did fall back sharply in 2018
and again in 2021-2022, peaking in September 2021, before the Fed began raising rates in March 2022.
The Chart also shows Bitcoin prices tend to move in advance of Fed short interest rate changes,
reflecting changes in risk appetite, most notably in 2023-2024.

Chart 5: Bitcoin prices and US short interest rates
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Source: FTSE Russell and LSEG data from September 2014 to September 2024.

Since policy rates alone do not dictate broader financial conditions and risk appetite, which often adjust in
advance of short interest rates in response to central bank signalling, we looked at broader financial
conditions and Bitcoin pricing. Perhaps unsurprisingly, given the evidence Bitcoin and Ethereum are risk-
on assets, looser financial conditions have been correlated with positive Bitcoin returns, and vice versa.
This is shown in Chart 6, which uses the Chicago Fed Financial conditions index, and shows the surge in
Bitcoin prices began from October 2023, coincident with the risk rally and easing in financial conditions,
and almost a year before the Fed finally reduced short rates in September 2024.

FTSE Russell
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Chart 6: US financial conditions and Bitcoin prices
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Summary and conclusions

Drawing these strands together, we reach the following conclusions on the DAs Bitcoin and Ethereum,
and their performance correlations with other asset classes since 2014, measured by FTSE Russell
index data.

Firstly, the rolling correlations of DA returns — measured by Bitcoin and Ethereum-have increased sharply
with risk-on assets since Covid in 2020, in equities and high yield credit. US Technology financials, and
the Russell 1000 and 2000 and high yield credit all show positive correlations of 0.5 to 0.6 for 2020-2024,
versus correlations near zero pre-Covid. In contrast, DA correlations have increased only modestly with
risk-off, or safe haven assets like US Treasuries, to 0.2, since 2020, and remain negative with the US
dollar, giving dollar hedging possibilities. The low correlations with risk-off assets have also been more
stable over the period since 2014. At this early stage in their history, these correlations suggest DAs may
be predominantly risk-on assets.

Secondly, DAs have shown high betas in response to macro-economic shocks like Covid, and the higher
inflation and interest rate regime that followed. For investors, this increased volatility after macro-shocks
suggests DAs have not yet developed stable store-of-value characteristics, in contrast to gold, which has
lower volatility, reflecting a wider, and more established, investor base. However, we would note DA
returns show higher correlation with US Tips returns, than US Treasuries, suggesting some investor
perception of inflation protection.

Thirdly, since DAs like Bitcoin and Ethereum do not possess the fiat currency fundamental characteristic
of being backed by government, and are not generally legal tender, unsurprisingly their performance
returns are not strongly correlated with the primary reserve currency in the global financial system.

Fourthly, on the basis of correlations alone, from the short time series currently available on Bitcoin and
Ethereum, they do not fall neatly into the category of either commodities or currencies. However, they
have some characteristics of both and perhaps could be described as hybrid assets in that regard — or,
more generally, constitute an entire brand-new asset class.

Finally, notwithstanding the increase in correlations since Covid, we note that despite the high volatility in
DA returns, the skewness in DA returns increases their appeal for portfolio diversification purposes.
Incorporating Bitcoin and Ethereum into a portfolio presents an opportunity for higher returns, but must
be traded off against increased volatility, consistent with the principles of financial theory. To navigate this
risk, while capturing growth potential, investors may benefit from a diversified strategy that includes
stable-coins and a mixture of traditional assets.

FTSE Russell

14




ABOUT FTSE RUSSELL

FTSE Russell is a leading global provider of index and benchmark solutions, spanning diverse asset classes and investment objectives. As a trusted
investment partner we help investors make better-informed investment decisions, manage risk, and seize opportunities.

Market participants look to us for our expertise in developing and managing global index solutions across asset classes. Asset owners, asset
managers, ETF providers and investment banks choose FTSE Russell solutions to benchmark their investment performance and create investment
funds, ETFs, structured products, and index-based derivatives. Our clients use our solutions for asset allocation, investment strategy analysis and
risk management, and value us for our robust governance process and operational integrity.

For over 40 years we have been at the forefront of driving change for the investor, always innovating to shape the next generation of benchmarks
and investment solutions that open up new opportunities for the global investment community.

CONTACT US
To learn more, visit Iseg.com/ftse-russell; email info@ftserussell.com; or call your regional Client Service team office:
EMEA +44 (0) 20 7866 1810 Asia-Pacific
North America +1 877 503 6437 Hong Kong +852 2164 3333
Tokyo +81 3 6441 1430
Sydney +61 (0) 2 7228 5659
Disclaimer

© 2025 London Stock Exchange Group plc and its applicable group undertakings (‘LSEG”). LSEG includes (1) FTSE International Limited (‘FTSE”), (2) Frank Russell Company
(“Russell”), (3) FTSE Global Debt Capital Markets Inc. and FTSE Global Debt Capital Markets Limited (together, “FTSE Canada”), (4) FTSE Fixed Income Europe Limited (“FTSE FI
Europe”), (5) FTSE Fixed Income LLC (“FTSE FI"), (6) FTSE (Beijing) Consulting Limited (“WOFE”) (7) Refinitiv Benchmark Services (UK) Limited (“RBSL"), (8) Refinitiv Limited (“RL”")
and (9) Beyond Ratings S.A.S. (“BR”). All rights reserved.

FTSE Russell® is a trading name of FTSE, Russell, FTSE Canada, FTSE FI, FTSE FI Europe, WOFE, RBSL, RL, and BR. “FTSE®” “Russell®”, “FTSE Russell®”, “FTSE4Good®”,
“ICB®”, “Refinitiv”, “Beyond Ratings®”, “WMRTM”, “FRTM” and all other trademarks and service marks used herein (whether registered or unregistered) are trademarks and/or service
marks owned or licensed by the applicable member of LSEG or their respective licensors and are owned, or used under licence, by FTSE, Russell, FTSE Canada, FTSE FI, FTSE FI
Europe, WOFE, RBSL, RL or BR. FTSE International Limited is authorised and regulated by the Financial Conduct Authority as a benchmark administrator. Refinitiv Benchmark
Services (UK) Limited is authorised and regulated by the Financial Conduct Authority as a benchmark administrator.

All information is provided for information purposes only. All information and data contained in this publication is obtained by LSEG, from sources believed by it to be accurate and
reliable. Because of the possibility of human and mechanical inaccuracy as well as other factors, however, such information and data is provided “as is" without warranty of any kind.
No member of LSEG nor their respective directors, officers, employees, partners or licensors make any claim, prediction, warranty or representation whatsoever, expressly or impliedly,
either as to the accuracy, timeliness, completeness, merchantability of any information or LSEG Products, or of results to be obtained from the use of LSEG products, including but not
limited to indices, rates, data and analytics, or the fitness or suitability of the LSEG products for any particular purpose to which they might be put. The user of the information assumes
the entire risk of any use it may make or permit to be made of the information.

No responsibility or liability can be accepted by any member of LSEG nor their respective directors, officers, employees, partners or licensors for (a) any loss or damage in whole or in
part caused by, resulting from, or relating to any inaccuracy (negligent or otherwise) or other circumstance involved in procuring, collecting, compiling, interpreting, analysing, editing,
transcribing, transmitting, communicating or delivering any such information or data or from use of this document or links to this document or (b) any direct, indirect, special,
consequential or incidental damages whatsoever, even if any member of LSEG is advised in advance of the possibility of such damages, resulting from the use of, or inability to use,
such information.

No member of LSEG nor their respective directors, officers, employees, partners or licensors provide investment advice and nothing in this document should be taken as constituting
financial or investment advice. No member of LSEG nor their respective directors, officers, employees, partners or licensors make any representation regarding the advisability of
investing in any asset or whether such investment creates any legal or compliance risks for the investor. A decision to invest in any such asset should not be made in reliance on any
information herein. Indices and rates cannot be invested in directly. Inclusion of an asset in an index or rate is not a recommendation to buy, sell or hold that asset nor confirmation that
any particular investor may lawfully buy, sell or hold the asset or an index or rate containing the asset. The general information contained in this publication should not be acted upon
without obtaining specific legal, tax, and investment advice from a licensed professional.

Past performance is no guarantee of future results. Charts and graphs are provided for illustrative purposes only. Index and/or rate returns shown may not represent the results of the
actual trading of investable assets. Certain returns shown may reflect back-tested performance. All performance presented prior to the index or rate inception date is back-tested
performance. Back-tested performance is not actual performance, but is hypothetical. The back-test calculations are based on the same methodology that was in effect when the index
or rate was officially launched. However, back-tested data may reflect the application of the index or rate methodology with the benefit of hindsight, and the historic calculations of an
index or rate may change from month to month based on revisions to the underlying economic data used in the calculation of the index or rate.

This document may contain forward-looking assessments. These are based upon a number of assumptions concerning future conditions that ultimately may prove to be inaccurate.
Such forward-looking assessments are subject to risks and uncertainties and may be affected by various factors that may cause actual results to differ materially. No member of LSEG
nor their licensors assume any duty to and do not undertake to update forward-looking assessments.

No part of this information may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise,
without prior written permission of the applicable member of LSEG. Use and distribution of LSEG data requires a licence from LSEG and/or its licensors.
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