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Abstract

This paper provides first empirical evidence on whether the introduction of US spot
Bitcoin ETFs affected the returns and volatility of major cryptocurrencies. Using data
from December 18, 2017 to March 15, 2024 and applying various Generalized
Autoregressive Conditional Heteroskedasticity (GARCH) with exogenous predictors
(X), i.e., GARCH-X models, the main results show that the volatility of major
cryptocurrencies, namely Ethereum, Ripple, and Litecoin, decreased following the SEC
approval, which supports the stabilization hypothesis. No impact is noticed for the
Bitcoin spot market, whereas the returns of Grayscale Bitcoin Trust (which represents
the first publicly-traded Bitcoin fund in the US) increased following the introduction of
Bitcoin ETFs. Further analysis on the returns and volatility of Bitcoin futures and
Ethereum futures indicate an insignificant impact by the launch of US spot Bitcoin
ETFs. Our findings enhance the limited understanding on the price discovery and
functioning of the cryptocurrency markets, which could be useful for investors,
regulators, and policymakers.
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1. Introduction

The heated debate about the launch of US spot Bitcoin exchange-traded funds (ETFs)
continues. On January 10, 2024, the SEC approved! the introduction of eleven US spot
Bitcoin ETFs, including those of Blackrock and Fidelity (See Table 1)2. Undoubtedly,
this represents a seminal moment for the cryptocurrency sector®. US spot Bitcoin ETFs
have been received with enthusiasm in the US financial market, allowing investors and
portfolio managers to much easily get an exposure on the Bitcoin spot market without
taking the extra steps required in purchasing actual Bitcoin from cryptocurrency
exchanges®, often subject to cyberattacks, thefts, or flash crash. The trading volumes
and net inflows recorded high figures totaling about $1.5bn during the first days of US
spot Bitcoin ETF trading. Analysts have expected individual and institutional investors
to pour significant amount of money into these US Bitcoin ETFs, and some press
articles indicate that the launch of US spot ETFs could spur a long-term cyclical
breakout move for Bitcoin prices comparable to that experienced when SPDR Gold
Shares ETF and SPDR S&P 500 Trust ETF were launched.

In a related context, relevant literature has proven that the introduction of financial
derivatives such as futures contracts on Bitcoin tends to attract more informed market
participants to the Bitcoin spot market, possibly leading to a change in the composition
of investors. Zhang et al. (2023) apply various asymmetric Generalized Autoregressive
Conditional Heteroskedasticity (GARCH) models and show that the launch of Bitcoin
futures has led to a decrease in the returns volatility of Bitcoin spot prices in the short
run, but an increase in the long run. Different evidence is reported by Jalan et al. (2021)
who indicate that the launch of Bitcoin futures led to an increase in Bitcoin spot price
volatility, supporting the destabilization hypothesis which argues that the launch of
asset futures increases volatility in the underlying asset (Stein, 1987).

Following the example of commodities such as gold and silver, where the introduction
of their ETFs affected the underlying market structure, and the information sharing
among participants and price formation therein (see inter alia Ivanov, 2013), we set off
to study the effect of the launch of US spot Bitcoin ETFs on the market dynamics of
major cryptocurrencies. We believe that the launch of US spot Bitcoin ETFs should
increase the participation of informed investors, easing the access of institutional and

! The chances of approval of US spot Bitcoin ETFs increased significantly after Grayscale, a US -based
asset management company, received in 2022 a court-ruled positive outcome against authorities over the
conversion of Grayscale’s Bitcoin trust into an ETF. In this regard, it is worth noting that in 2020,
Grayscale transformed its trust into an SEC-reporting entity, and its shares began trading on the pink
sheets. Grayscale’s Bitcoin trust was the first publicly-traded Bitcoin fund in the US.

2 Several attempts to file for exchange traded fund (ETF) on Bitcoin had been rejected by the Securities
and Exchange Commission (SEC) in 2017 and 2018, mostly because at that time Bitcoin regulatory
framework was insufficient and the risks to investors were too large.

3 Responding to a strong interest in Bitcoin, futures contracts on Bitcoin prices were launched by the
Chicago Board Options Exchange (CBOE) on December 10, 2017. They validate Bitcoin as a credible
asset, offer investors and traders a new instrument useful in protecting their positions in the Bitcoin spot
market (see inter alia Zhang et al., 2023).

4 One should have to adopt a digital wallet or open an account at a cryptocurrency exchange.



individual investors and possibly reducing the volatility of cryptocurrency spot price
returns. Under this hypothesis, ETF can help stabilize the underlying spot markets.

A relevant research question arising from the above discussion concerns the short-term
impact of the introduction of US spot Bitcoin ETFs on the returns and volatility of
Bitcoin and major cryptocurrencies. In this paper, we address this research question.
Specifically, we examine possible shift in the mean of returns and volatility of spot
prices of Bitcoin, Ethereum, Ripple, and Litecoin, following the SEC approval. Using
various GARCH-X models, i.e., GARCH augmented with dummy and/or exogenous
variables (X) and considering daily data from December 18, 2017 — March 15, 2024,
the main results show that the introduction of US spot Bitcoin ETFs increased the
returns of Grayscale Bitcoin trust and reduced the volatility of cryptocurrency spot
prices only (with no significant effect noticed for Bitcoin spot returns and volatility).
Zhang et al. (2023) who show that the launch of Bitcoin futures led to a decrease in
Bitcoin spot price volatility, supporting the stabilization hypothesis. We also provide
statistical evidence of the positive impact of the volatility of the Grayscale Bitcoin Trust
ETF> on the volatility of Ethereum, Ripple, and Litecoin spot prices. This is not
surprising given that ETF and spot markets are interrelated and many ETF participants
are informed investors who could induce more information to the spot market (see inter
alia Liebi, 2020 for a thorough review of literature regarding the relationship between
ETFs and the financial markets of underlying securities). We also examine the effect of
US spot Bitcoin ETFs on the returns and volatility behavior of Bitcoin futures, and the
results show insignificant impact on futures volatility of Bitcoin. Taken together, these
results suggest that impact of the introduction of US spot Bitcoin ETFs is limited to the
spot market of major cryptocurrencies other than Bitcoin, significantly affecting
volatility only.

The rest of the paper is structured in four sections. Section 2 briefly reviews the related
literature. Section 3 presents the data and methodology. Section 4 provides the
empirical results. Section 5 concludes.

2. Brief Literature Review

Our current study is related to two main strands of literature. The first involves the
finance literature on various aspects of the cryptocurrency market. Cryptocurrencies
represent a relatively new asset class, well-known for its remarkable price growth
coupled with a very bumpy price trend and extreme returns volatility over the past
decade. Bitcoin, the oldest and most prominent cryptocurrency, has been the subject of
several studies covering various characteristics. These include Bitcoin price drivers
(Ciaian et al., 2016), volatility determinants (Walther et al., 2019; Wang et al., 2023),
bubble formation (Cheung et al., 2015), jump behavior (Chaim and Laurini, 2018;
Bouri et al., 2020; Zheng et al., 2023; Chen et al., 2024), and some stylized facts

5 Grayscale Bitcoin Trust converted from a trust product into a spot ETF following the SEC approved of
US spot Bitcoin ETFs on January 10, 2024. Thus, the volatility of US spot Bitcoin ETF is proxied by the
volatility of Grayscale Bitcoin Trust ETF, given its price availability before the SEC approval.



(Bariviera et al., 2017; Da Cunha and Da Silva, 2020). The ability of Bitcoin prices to
predict the realized volatility of S&P 500 sector indices is recognized (Bouri et al.,
2023). Notably, the market segmentation of Bitcoin and its unique reliance on mass
collaboration and blockchain technology have made it capable of offering
diversification benefits and thus worthy of inclusion in conventional investment
portfolios. Existing studies examine the returns and volatility of cryptocurrencies and
their relationship with traditional financial assets such as stocks or bonds to draw
inferences about potential hedging and safe haven roles, especially under crisis periods
(see Bouri et al., 2017; Baur et al. 2018, Corbet et al. 2019; Shahzad et al., 2022). A
series of events evolving around cyber-attacks, regulatory scrutiny, collapse of
cryptocurrency exchange FTX, extreme volatility, and bubble bursts, have challenged
the path of Bitcoin as a trustworthy asset. A particular attention has been paid to the
impact of news and events on the dynamics of cryptocurrency market. For example, Li
et al. (2021) study the impact of various Bitcoin-related events within a framework of
event study and GARCH-X modelling, showing that domestic events, including the
2019 US Congress new cryptocurrency bills, exert a positive effect on Bitcoin volatility
whereas foreign events (e.g. Mt.Gox hack, Chinese regulatory scrutiny on
cryptocurrencies) affect expectations of market reactions and volatility. Jalan et al.
(2021) apply a Bayesian model to show that the launch of Bitcoin futures increased the
volatility, kurtosis, and liquidity of Bitcoin spot prices, but decreased market returns
and skewness. Ma et al. (2022) highlight the negative effect of Fed tightening policy
on the price dynamics of Bitcoin, especially when Bitcoin prices are booming. Cevik
et al. (2023) study the effect of launch of Bitcoin futures and the pandemic on the
returns and risk of Bitcoin prices. Using GARCH-based models and Granger causality
tests, they show that the launch of Bitcoin futures has a positive effect on spot price
returns whereas no significant is shown for volatility. The Bitcoin market was detached
from the impact of the COVID-19 outbreak, reflecting its market segmentation.

The second strand of literature concerns the introduction of ETFs and its potential
impact on constituent securities that belong to a specific market, a topic that has long
attracted the interest of academicians (Liebi, 2020). There is a consensus among early
studies that ETF buying/selling enhances pricing of component securities and
informational efficiency (see, e.g., Hasbrouck, 2003; Yu, 2005; Chen and Strother,
2008; and Ivanov et al., 2013). Recent studies examining ETFs market activity (see
inter alia, Glosten et al., 2020, Box et al. 2021, Brown et al. 2021) have provided further
insights on ETFs market microstructure and revealed that the concentration of
excessive cash in ETFs markets attracts noise traders. The existence of noise traders
leads to price pressure that in turn gives rise to arbitrage opportunities. Sophisticated
participants bring stock prices back to equilibrium through arbitrage, transmitting noise
to ETFs component prices. Ben-David et al. (2018) finds that stocks that belong to
ETFs portfolios at large quantities are characterized by increased volatility and higher
negative autocorrelation of their prices. Brown et al. (2021) employ a unique process
of ETF shares creation/redemption by authorized market participants to study and
isolate the effect of non-fundamental related demand on constituent stock prices. They



show that ETFs market structure acts as an equilibrating mechanism for underlying
stocks’ mispricing. In particular, ETF flows gauge non-fundamental demand shocks for
component securities resulting in a temporary mispricing that eventually disappears.
Box et al. (2021) use high frequency data (1-, 5- and 10-minutes intervals) and find
weak evidence in favor of the hypothesis that ETF functioning propagates noise to the
constituent securities. In effect, they show that constituents’ returns are more likely to
precede ETF prices.

Our analysis is related to the above lines of research, notably the growing finance
literature on Bitcoin and other major cryptocurrencies. However, our focus is different,
offering the first empirical evidence on the impact of the launch of US spot Bitcoin
ETFs on the returns and volatility of cryptocurrency spot markets, as well as the impact
of US spot Bitcoin ETF volatility on the volatility of cryptocurrency spot prices.
Interestingly, we use data from one of the oldest US Bitcoin ETF trust, Grayscale
Bitcoin Trust ETF, besides spot price data on major cryptocurrencies.

3. Data and Methodology

3.1. Data

We use the daily closing spot prices of Bitcoin, Ethereum, Ripple, and Litecoin, in the
BitStamp USD market. As argued by Lei et al. (2021), Bitcoin (cryptocurrency) prices
computed in USD should be representative of Bitcoin trading prices. We also use the
daily closing prices of Grayscale Bitcoin Trust ETF in USD and CME Bitcoin futures
continuous series. All data are collected from DataStream over the sample period
December 18, 2017 — March 15, 2024, with the starting date being dictated by data
availability on both Bitcoin futures and Grayscale Bitcoin Trust ETF. Figure 1 plots the
levels of data series, whereas Figure 2 shows the log-returns series. Table 1 presents the
11 US spot Bitcoin ETFs currently traded in the US market.

[Insert Table 1 and Figures 1 and 2 here]

3.2. Methodology

Our methodology involves GARCH-based modeling, which accounts for some stylized
facts of financial times series such as volatility clustering, fat tails, and volatility
asymmetry. Starting with a GJR-GARCH(1,1) model®, the mean and variance equations
are:

Tt =@o+ @171 U 5 U~0rey (D

2 _ 2 2 2
of = ag + aquf_1 + a,0f 1 +azu;_ql;_4 ()

6 After conducting various diagnostic tests for the squared residuals to assess the goodness-of fit of the
GARCH-based models, we find that the GIR-GARCH model fits better than the standard GARCH
models, based on AIC criterion.



where, 1 is the log-returns of cryptocurrency spot prices at time ¢, and u, is the error
term, o is the conditional variance of the log-returns of cryptocurrency spot prices at
time 7. e; is the residual term following a Generalized Error Distribution (GED) or t
student distribution. I;_; is an indication function such as:

I = 1, if &_1<0,
H_{o, if &_-1=0,

If a; is positive (negative) and significant, then negative shocks have a larger (smaller)
impact on volatility than positive shocks of the same magnitude.

An event dummy variable, Dummyy,, is then added to the mean and variance equations
of the GJR-GARCH model. It takes the value of 1 in the post-SEC US spot ETF
approval period (from January, 11th of 2024 onward) and 0 otherwise. The resulting
GARCH(1,1)-X model is represented as:

Ty = Qo + @1 11 + @ Dummy,+u, 3)

of = ag + a;uf_; + ayol, + azu?_iI,_, + a,Dummy, 4)

Finally, the variance equation of the GJR-GARCH(1,1)-X model is augmented with a
volatility proxy of the Grayscale Bitcoin Trust ETF to assess the impact of US spot
Bitcoin ETF historical volatility on the returns volatility of spot prices of Bitcoin
Ethereum, Ripple, and Litecoin. The resulting variance equation is:

of = ay + ajul_; + ayol | + azu?_,I,_, + a,Dummy, + asETFVOL, (5)

where ETFVOL; is the returns volatility of Grayscale Bitcoin Trust ETF, proxied by
two measures. The first is the 200-day historical volatility of Grayscale Bitcoin Trust
ETF (1YHVOL) computed based on a rolling window approach’. The second is
GARCH volatility (GARCHVOL) of Grayscale Bitcoin Trust ETF, extracted from an
AR(1)-GJR-GARCH (1,1) model.

4. Empirical Results

The summary statistics of daily log-returns series are reported in Table 2. They show
that all mean returns are positive, except Ripple and Litecoin although their mean of
returns is very close to zero. The most volatile cryptocurrency is Ripple. All returns
series are not normally distributed based on the Jarque-Bera statistics, with excess
kurtosis. Skewness value is negative, except for Ripple. All series are stationary, as
indicated by the results of the augmented Dickey—Fuller (ADF) test. Similarly,
unreported results show that all returns show evidence of heteroscedasticity, suggesting
the appropriateness of applying GARCH-based models.

7 The window size taken in the rolling analysis is from 23/3/2017 through 18/12/2017.



[Insert Table 2 here]

Table 3 presents the estimated results on the impact of the SEC approval (introduction
of US spot Bitcoin ETFs) on the returns and volatility of Bitcoin ETF (Model 1),
Bitcoin spot prices (Models 2-4), and Bitcoin futures (Models 5-7). Considering the
mean equation, the SEC approval has a positive and significant impact on the returns
of Grayscale Bitcoin Trust ETF (Model 1) as shown by the significant coefficient
associated with the dummy variable (0.0088). However, the returns of Bitcoin spot
prices (Model 2) and Bitcoin futures are not significantly impacted by the SEC
approval.

Moving to the variance equation, the SEC approval does not exert any significant
impact on the volatility of Grayscale Bitcoin Trust ETF (Model 1), Bitcoin spot market
(Model 2), or Bitcoin futures markets (Model 5). As for the effect of the volatility
Grayscale Bitcoin Trust ETF on the volatility of Bitcoin spot prices, the estimated
results show an insignificant impact for the volatility of Bitcoin spot market (Models
3-4) and the volatility of the Bitcoin futures market (Models 6-7). This is true
irrespective of the measure of Grayscale Bitcoin Trust ETF volatility used in the
analysis (1I'YHVOL or GARCHVOL). This might suggest some similarity in the
composition of investors in the spot and futures markets. The related literature tends to
show that participants in Bitcoin futures are mostly driven by speculative activities,
which is comparable to that of the spot market. Corbet et al. (2018) indicate evidence
of an increase in the volatility of Bitcoin spot prices following the launch of Bitcoin
futures. Nekhili (2020) examines the hedging role of Bitcoin futures, showing that
Bitcoin futures traders are driven by speculative activities rather than hedging. We also
consider the impact on Ethereum futures contracts. In this regard, the GIR-GARCH-X
models are conducted from the date of the launch of Ethereum futures contracts on the
CME Group (February 8, 2021) till the end of the sample period (March 15, 2024).
Unreported results confirm that the returns and volatility of Ethereum futures contracts
are not affected by the introduction of US spot Bitcoin ETFs.

[Insert Table 3 here]

Table 3 presents the estimated results on the impact of SEC approval of US Bitcoin
ETFs on the returns and volatility of spot prices of other major cryptocurrencies,
employing a dummy variable capturing the impact of the SEC approval. The results
from Models 8-10 show a negative and significant impact of the introduction of US
spot Bitcoin ETFs on the volatility of spot prices of major cryptocurrencies, as reflected
in the values of the dummy coefficient, although its magnitude is very small. Moving
to Models 11-16, the effect of Bitcoin ETF volatility on the volatility of spot prices for
the Ethereum, Ripple, and Litecoin is significant and positive, irrespective of the
volatility proxy used for Grayscale Bitcoin Trust ETF. Specifically, the strongest
positive impact is noted for Ripple (0.0120 and 0.3075), followed by Litecoin (0.0062
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and 0.1955) and Ethereum (0.0050 and 0.0174). Our main results can be compared to
the mixed evidence from the existing literature on the impact of the launch of Bitcoin
futures. Zhang et al. (2023) show that the launch of Bitcoin futures decreased the
volatility of Bitcoin spot prices in the short run, whereas Corbet et al. (2018) and Jalan
et al. (2021) indicate a contradicting evidence showing an increase in the volatility of
Bitcoin spot prices following the launch of Bitcoin futures. Our main results reveal that
the introduction of US spot Bitcoin ETFs mostly decreased the volatility of spot prices
of major cryptocurrencies, except Bitcoin, whereas no impact is shown for the spot
returns. This might suggest that the introduction of US spot Bitcoin ETFs did not
change the composition of investors in the Bitcoin spot market by bringing new
informed traders, unlike the case of the spot market of other major cryptocurrencies,
which has been significantly affected. The existence of Bitcoin futures allows investors
to efficiently convey their negative outlook on the Bitcoin market efficiently by taking
a short selling position. Thus, the introduction US spot Bitcoin ETFs did not bring any
further development in this regard, except somewhat facilitating the short selling
mechanism for some individual investors. However, for other major cryptocurrencies
such as Ethereum, there are serious developments regarding a possible approval of US
spot ETFs, which could be reflected in the reduction of the volatility of its spot prices
along with the spot prices of other major cryptocurrencies such as ripple and Litecoin.

[Insert Table 4 here]

5. Conclusion

Bitcoin has been in the epicenter of financial news following the SEC approval of 11
US spot Bitcoin ETFs on January 10, 2024. Marking a historical moment for the
cryptocurrency industry in its 15-year milestone on the financial scene, the SEC
approval offers a natural experiment to examine the effect of the introduction of US
spot Bitcoin ETFs on the returns and volatility of cryptocurrency spot prices. Based on
data on the spot prices of Bitcoin, Ethereum, Ripple, and Litecoin as well as the prices
and historical volatility of Grayscale Bitcoin Trust ETF, as a proxy of the volatility of
US Bitcoin spot ETFs, we apply GARCH-X models augmented with a time dummy
variable representing the SEC approval and the volatility of US Bitcoin spot ETF.

The main result indicates that the introduction of US spot Bitcoin ETFs increased the
returns of Grayscale Bitcoin Trust ETF, whereas no significant impact is reported for
spot or futures returns of Bitcoin and other major cryptocurrencies. However, following
the SEC approval, the volatility of spot prices of major cryptocurrencies other than
Bitcoin decreased. This evidence is supported by the stabilization effect hypothesis.
The introduction of US spot Bitcoin ETFs has led to more participation of informed
investors, easing the access of institutional and individual investors and possibly
reducing the volatility of cryptocurrency spot price returns. Further results show a
positive impact of the volatility of the Grayscale Bitcoin Trust ETF on the volatility of
Ethereum, Ripple, and Litecoin spot prices. This can be a reflection that ETF and spot
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markets are interrelated (Glosten et al., 2020). Overall, the findings suggest that impact
of the introduction of US spot Bitcoin ETFs is limited to cryptocurrency (other than
Bitcoin) spot market, significantly affecting volatility only, whereas not effect is found
for Bitcoin futures.

The results can be evaluated under the efficient market efficiency (EMH) and arrival of
information phenomenon in the relatively young cryptocurrency market. According to
EMH, the speedy assimilation of information on asset prices can reduce the risk from
distorted price formation. In this regard, significant evidence should instruct market
participants about the underlying risk.

A word of cautious is needed here as US spot Bitcoin ETFs could bring high risk and
volatility into the retirement accounts and mainstream US investors. Furthermore, the
second largest cryptocurrency, Ethereum, has experienced a large spike in its prices on
speculation that the SEC will approve the introduction of spot ETFs around it. Future
studies could consider a more in-depth analysis on the market dynamics of Ethereum.

Our analysis is not without limitation. Our augmented GJR-GARCH-X model did not
explicitly account for possible events or news that might have comprised our sample
period. Some events or news belonging to our sample period could have possibly
influenced the volatility dynamics of cryptocurrencies under study, and we could not
directly control them because adding more dummy variables to refine the isolation of
the impact of the SEC approval in the GJR-GARCH-X is very challenging. However,
Zhang et al. (2023) argue that the incorporation of returns innovations and volatility
measures in the variance equation should indirectly control for such events to some
extent. According to the EMH, events/news can govern the changes in such measures,
which eases the issue raised above. Furthermore, events and news should affect more
the jump in volatility rather than volatility (e.g. normal volatility), and interestingly, our
focus in this paper was mainly on volatility. Future studies could refine our empirical
modelling, while considering jump in volatility.
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Tables and Figures:

Table 1. List of US spot Bitcoin ETFs

ETF Name Ticker | Total Assets (SMM)
Grayscale Bitcoin Trust GBTC $23,005.6
iShares Bitcoin Trust IBIT $17,160.8
Fidelity Wise Origin Bitcoin Fund FBTC | 410.026.3
ARK 21Shares Bitcoin ETF ARKB | $2,885.1
Bitwise Bitcoin ETF Trust BITB $2,109.7
Invesco Galaxy Bitcoin ETF BTCO 154013
VanEck Bitcoin Trust HODL $586.3
Valkyrie Bitcoin Fund BRRR $521.1
Franklin Bitcoin ETF EZBC $332.5
WisdomTree Bitcoin Fund BTCW $78.6
Invesco Galaxy Bitcoin ETF BTCO 154013

Note: Sourced from: https://etfdb.com/. Figures as of March 28, 2024.

Table 2. The summary statistics of daily log-returns series

Mean Max Min SD Skewness  Kurtosis Jarque-Bera ADF
Bitcoin ETF 0.0003 02173 -02962 0.0524  -0.1564 57637  525.0620%x 282492
Bitcoin 0.0008 02081 -0.4940  0.0444  -1.1101 152973  10598.9000%+* ~17-9808%%
Bitcoin futures  0.0008 02224 -02676  0.0440  -0.3030  7.6148  1470.4470%*x 28.1030%*
Ethereum 0.0010 03551 -0.5756  0.0572  -0.8002  13.0600  7042.9910%#* 27:6333%%
Ripple -0.0001 06236 -0.5392  0.0678  0.8635  18.6169 16756.2200%+ 40-7992%**
Litecoin .0.0008 02897 -04574 00582 -0.5876  9.8744  3301.3690%xx ~42:2446%

Note: This table shows the summary statistics and unit-root test of daily log-returns of Bitcoin, Ethereum,
Ripple, and Litecoin spot prices in USD market; Grayscale Bitcoin Trust ETF in USD; CME Bitcoin
futures continuous series. The sample period is December 18, 2017 — March 15, 2024, yielding 1630
daily observations; SD (standard deviation); Augmented Dickey and Fuller (ADF; 1979, 1981) test for
stationarity. *** indicate statistical significance at the 1% level.
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Table 3. Impact of SEC approval of US spot Bitcoin ETFs on the returns and volatility

of Bitcoin spot prices

Bitcoin ETF  Bitcoin spot ~ Bitcoin spot  Bitcoin spot Bitcoin Bitcoin Bitcoin
(Model 1) (Model2)  (Model3)  (Model 4) futures futures futures
(Model 5) (Model 6) (Model 7)
Returns equation
Constant (o) -0.0005 0.0011 0.0011 0.0011 0.0000 0.0000 0.0000
Lagged returns (¢;)  -0.0311 -0.051 1%+ 0.0511%*%  -0.0507** -0.0099 -0.0135 -0.0128
Dummy: (¢2) 0.0088** 0.0044 0.0044 0.0043 0.0000 0.0015 0.0015
Variance equation
Constant (ao) 0.0002%** 0.0000 0.0000 0.0000 0.0007*** 0.0002 0.0000*
ARCH (o) 0.0853%*%  .1208%**  (.1213%%*  (.1190%%*  0.0727%%*  0.0760%**  (.0692%**
GARCH(a) 0.8235%*%  (.9279%**  (.0248%%*  (.9263%*%  (.89[2%** () 88]4*xx 0.0142
ggmmemc term 0.0205 -0.0482* -0.0491* -0.0468 0.0113 0.0107 0.8807+**
Dummy; () -0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1YHVOL (as) 0.0005 0.0010
GARCHVOL (as) 0.0061 0.0126
Log-likelihood 2620.977 3048.921 3.2009 3.200901 3029.080 3029.473  3029.337
AIC -3.2081 -3.7345 3.7335 37334 -3.7101 -3.7094 -3.7092

Note: This table shows the impact of Bitcoin ETF SEC approval on the returns and volatility of Bitcoin
spot prices and Bitcoin ETF. Estimated coefficients are based on the GIR-GARCH(1,1)-X model with a
time dummy (Dummy;) and a measure of Bitcoin ETF volatility. The sample period is December 18,
2017 — March 15, 2024, yielding 1630 daily observations. *,** and *** denote statistical significance at
10%,5% and 1% levels respectively. Models 1, 2, and 5 examine the impact of SEC approval on the
returns and volatility of Bitcoin ETF, Bitcoin spot prices, and Bitcoin futures prices, respectively. Models
3 and 4 examine the effect of SEC approval and historical volatility of Bitcoin ETF (1 YHVOL or
GARCHVOL) on the volatility of Bitcoin spot prices. Model 6 and 7 examines the effect of SEC approval
and historical volatility of Bitcoin ETF (1'YHVOL or GARCHVOL) on the volatility of Bitcoin futures

prices.
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Table 4. Impact of SEC approval of US spot Bitcoin ETFs on the returns and volatility of spot prices of Ethereum, Ripple, and Litecoin

Ethereum Ripple Litecoin Ethereum Ripple (Model Litecoin Ethereum Ripple Litecoin
(Model 8) (Model 9) (Model 10) (Model 11) 12) (Model 13) (Model 14) (Model 15)  (Model 16)
Returns equation
Constant (o) 0.0011 -0.0017 -0.0009 0.0005 -0.0013 -0.0007 0.0011 -0.0012 -0.0010
Lagged returns (¢1) 0.0044 -0.0490 -0.0014 -0.0893%** -0.0583 0.0019 0.0045 -0.0547 -0.0028
Dummy: (¢2) 0.0086 0.0023 0.0048 0.0051 0.0019 0.0045 0.0089 0.0023 0.0048
Variance equation
Constant (o) 0.0000%** 0.0008*** 0.0003*** -0.0002* 0.0004** 0.0007 0.0000*** 0.0007*** 0.0005***
ARCH (o) 0.0775%** 0.3765%** 0.0621*** 0.0783*** 0.4235%** 0.0635*** 0.0718*** 0.5188*** 0.0412%**
GARCH(a2) 0.8970%** 0.5987*** 0.8411%** -0.0191 0.5287*** 0.8008*** 0.8899%*** 0.3782%** 0.6188%**
Asymmetric term (03) 0.0164%* -0.1750%** 0.0313** 0.8960*** -0.2144%** 0.0421%** 0.0216** -0.2695%**  0.0977***
Dummy; (o) -0.0001* -0.0007*** -0.0001*** 0.0001 -0.0005** -0.0005%** -0.0001 -0.0008**  -0.0004***
1YHVOL (as) 0.0050%** 0.0120%** 0.0062%**
GARCHVOL (0s) 0.0174* 0.3075%** 0.1955%**
Log-likelihood 2455.045 2248.834 2374.878 2624.818 2250.792 2378.005 2456.250 2255.588 2379.355
AIC -3.0076 -2.7528 -2.9077 -3.2123 -2.7540 -2.9103 -3.0077 -2.7599 -2.9119

Note: This table shows the impact of Bitcoin ETF SEC approval on spot volatility of Bitcoin ETF and spot prices volatility of major cryptocurrencies (Bitcoin, Ethereum,
Litecoin). Estimated coefficients are based on the GJR-GARCH(1,1)-X model with a time dummy (Dummy;) and a measure of Bitcoin ETF volatility. The sample period is

December 18, 2017 — March 15, 2024, yielding 1630 daily observations. *,** and *** denote statistical significance at 10%,5% and 1% levels respectively. Models 8, 9, and
10 examine the impact of SEC approval on the returns and volatility of Ethereum, Ripple, and Litcoin spot prices, respectively. Models 11, 12, and 13 examine the effect of
SEC approval and historical volatility of Bitcoin ETF (1'YHVOL) on the volatility of Ethereum, Ripple, and Litecoin spot prices. Model 11, 12, and 13 examine the effect of
SEC approval and historical volatility of Bitcoin ETF (GARCHVOL) on the volatility of Ethereum, Ripple, and Litecoin spot prices, respectively.
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Figure 1. Levels series
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Figure 2. Returns series
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