A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Hausler, Konstantin; Xia, Hongyu

Article — Published Version

Indices on cryptocurrencies: an evaluation

Digital Finance

Provided in Cooperation with:
Springer Nature

Suggested Citation: Hausler, Konstantin; Xia, Hongyu (2022) : Indices on cryptocurrencies: an
evaluation, Digital Finance, ISSN 2524-6186, Springer International Publishing, Cham, Vol. 4, Iss. 2,

pp. 149-167,
https://doi.org/10.1007/s42521-022-00048-8

This Version is available at:
https://hdl.handle.net/10419/313175

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

-. https://creativecommons.org/licenses/by/4.0/

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1007/s42521-022-00048-8%0A
https://hdl.handle.net/10419/313175
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Digital Finance (2022) 4:149-167
https://doi.org/10.1007/542521-022-00048-8

ORIGINAL ARTICLE

®

Check for
updates

Indices on cryptocurrencies: an evaluation

Konstantin Hausler' © - Hongyu Xia?

Received: 28 July 2021 / Accepted: 21 January 2022 / Published online: 21 February 2022
© The Author(s) 2022

Abstract

Several cryptocurrency (CC) indices track the dynamics of the rising CC sector, and
soon ETFs will be issued on them. We conduct a qualitative and quantitative evalu-
ation of the currently existing CC indices. As the CC sector is not yet consolidated,
index issuers face the challenge of tracking the dynamics of a fast-growing sector
that is under continuous transformation. We propose several criteria and various
measures to compare the indices under review. Major differences between the indi-
ces lie in their weighting schemes, their coverage of CCs and the number of con-
stituents, the level of transparency, and thus, their accuracy in mapping the dynam-
ics of the CC sector. Our analysis reveals that simple market cap-weighted indices
outperform their competitors. Interestingly, increasing the number of constituents
does not automatically lead to a better fit of the CC sector. All codes are available on

Quantlet.com-
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Fig. 1 Scaled CC indices: , CCi30, , F'5, HODLS5. and the total

market index (TMI, black solid hne) The indices dev1ate from the TMI due to methodological differ-
ences in their construction. Q evaluationindices

1 Introduction

Indices are widely used to track the market dynamics of financial sectors. Several
research groups and companies developed indices for the rising cryptocurrency sec-
tor, each of them with different methodological approaches for tracking the highly
volatile and dynamic CC market (cf. Hiardle and Harvey 2015, p.17; Rivin and Sce-
vola 2018; Elendner 2018). This paper aims to compare and evaluate the character-
istics of the currently existing CC Indices: Bloomberg Galaxy Crypto Index (BGCI),
Bitwise 10 Large Cap Crypto Index (Bitwise 10), the CRIX, CCi30, F5 crypto
index, HODLS, Nasdaq Crypto Index, and Ultra Cap 5 index. Figure 1 displays the
index values of the aforementioned indices, scaled to 1000 points at 08/2018.

In this paper, we examine the indices both qualitatively and quantitatively.
Starting with the qualitative analysis, we elaborate the methodological dif-
ferences between the indices. There is no ‘right’ or ‘wrong’ in constructing an
index; each approach has its raison d’étre, but they yield by construction differ-
ent index values with dissimilar properties. A complete index should contain all
available CCs weighted by their market capitalization, though this is practically
not feasible because of the high effort involved (trading costs, steady rebalancing,
etc.). Therefore, any index issuer must make some simplifying assumptions that
affect the properties of the respective index. These methodological differences are
elaborated in Sect. 2.3. Ultimately, we group the indices into three groups based
on their methodology: purely market cap weighted indices, adjusted market cap
weighted indices, and customized weighted indices.

The quantitative analysis follows in Sect. 3. Index values themselves cannot
be interpreted meaningfully; therefore, we suggest several comparison criteria:
First, accuracy in mapping the dynamics of the CC sector. We tackle this crite-
ria by constructing a total market index (TMI), which consists of all available
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CCs weighted by market capitalization, and we compute the correlation of each
index to the TMI. Additionally, we obtain confidence intervals for the correla-
tions through bootstrapping. Second, we require the indices to have similar sta-
tistical characteristics as the TMI. Therefore, we analyze the moments of the
return distributions (volatility, kurtosis, and skewness) of each CC index, which
are important indicators for financial decision-makers and investors. Third,
based on these moments, we compute several measures, through which we com-
pare the indices quantitatively. The first is the Probabilistic Sharpe Ratio (PSR),
introduced by Bailey and Lopez de Prado (2012), which extends the confidence
intervals of the well-known Sharpe Ratio by an Edgeworth expansion of higher
moments. Thereby, we can assess the robustness and statistical significance of
Sharpe Ratios, which is beneficial, because non-normality can inflate the esti-
mates of Sharpe Ratios. In addition, we apply the Sortino Ratio (cf. Sortino and
Price 1994) and the Omega Ratio, proposed by Keating and Shadwick (2002),
to account in several ways for the non-normality, which is appropriate, since the
returns of the CC sector are highly non-normal (cf. Zhang et al. 2018; Petukhina
et al. 2021). Another measure we apply is the Maximum Drawdown (MMD), as
well an asymmetric risk measure. The MMD is defined as the percentage loss
from the local maximum to the local minimum of an index i during a fixed time
period. We include this measure, because the CC sector is not yet consolidated
and CCs are nowadays mostly used as speculative investment asset.

Our analysis reveals several insights: First, based on their methodology, we clas-
sify the indices in three groups: market cap weighted indices, adjusted market cap
indices, and customized weighted indices. Purely market cap-weighted indices per-
form well. Adjustments in the weighting schemes are not very beneficial. Bitwise
10 and the CRIX, the only purely market cap weighted indices under review, yield
very high returns, and their Sharpe Ratios are among the highest of the CC indices.
Introducing a cap/floor to some constituents (cf. BGCI, HODLS) does not only dis-
tort the mapping of the CC sector’s dynamics; it also affects the statistical properties
of indices negatively (i.e., SR, PSR, and MMD). From a methodological point of
view, we consider the purely market cap weighting approach as the “correct” one,
as it maps the CC sector’s dynamics accurately. In practice, this approach is widely
employed in classical financial sectors, as indices like the S&P 500 or the German
DAX are constructed in such a way.

Second, a broader coverage of CCs by an index does not automatically yield in a
better mapping of the CC sector’s dynamics. The best example is given by HODLS
(5 constituents) and CCi30 (30 constituents): both make adjustments to the market
capitalization in their weighting schemes, but HODLS5 outperforms CCi30 in terms
of accuracy (correlation with TMI). The argument by Rivin and Scevola (2018), an
increasing number of constituents yields in more diversification, seems to have been
invalidated. This is not surprising, since Keilbar and Zhang (2021) identified several
cointegration relationships among the top CCs and Zhang et al. (2018) report corre-
lations among the returns of many CCs, especially to Bitcoin. The dynamic adaption
through the Akaike Information Criterion (AIC) applied by the CRIX is an effective
solution to deal with the ever changing CC sector, as it balances the index between a
small number of constituents and a close adjustment to the entire sector.
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Fig.2 Market capitalization of the overall CC sector (black line), the top 10 (blue), and top 30 (red) CCs
by market capitalization and Bitcoin (green). Data source: coingecko.com. Q evaluation_ indices
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Fig.3 Number of active coins (= coins with a market capitalization greater than zero) over time.
Q evaluation_indices

Third, transparency. The CC sector is not yet consolidated and the underlying
technological mechanisms are not understood by the public (Hirdle et al. 2020). As
for any currency or asset, trust is crucial for the acceptance of CCs. The CC indices
could promote trust through transparency, e.g., by disclosing the construction mech-
anisms, weighting schemes, and index data. Unfortunately, this is not the case for all
the indices under review. We do not know which index will emerge as the leading
benchmark for the CC sector, but transparency will certainly be a factor.

@ Springer



Digital Finance (2022) 4:149-167 153

The only index that satisfies all criteria is the CRIX. It is a purely market cap
weighted index, its methodological approach is well grounded (cf. Hirdle and
Trimborn 2015; Trimborn and Hirdle 2018), its index data are publicly available
(on thecrix.de), it closely tracks the market dynamics (cf. Fig. 5) and by its iterative
algorithm, and it optimally benefits from the gains of the rise of the CC sector (cf.
Table 2). As the CC sector is under continuous transition and not yet consolidated
(cf. Figs. 3, 4), the CRIX as the only index with dynamic adaption to the CC sector.

The remainder of this paper is structured as follows: Sect. 2 explains the par-
ticularities of the CC sector and introduces the CC indices under review. Sec-
tion 3 conducts the quantitative comparison of the indices by several measures.
Section 4 discusses the pros and cons of the indices. All codes are available on

Q cvaluation_indices
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Fig.4 Share of the top 10 CCs by market cap, over time (quarterly, 2018-01 to 2021-06).
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2 Data
2.1 The CCsector

As the CC sector is rising, the market capitalization of this sector is steadily grow-
ing. By the end of 2020, the overall market cap of the CC sector exceeded $743 Bil-
lion, which is roughly equivalent to Switzerland’s gross domestic product. Figure 2
displays the market capitalization of (1) the overall CC sector (black line), (2) the
Top 10 CCs (by market cap, blue line), (3) the Top 30 CCs (red line), and 4) Bitcoin
(green line). The parallel movement of the time series supports the finding of Keil-
bar and Zhang (2021), who revealed cointegration relationships among the top CCs.
The decoupling of the entire CC sector from Bitcoin suggests that a new altcoin
season could occur in 2021. At least, even though Bitcoin dominates the CC sector
(Wang and Vergne 2017; Elendner et al. 2018), it cannot explain the overall market
dynamics.

Simultaneously to the growth of the market capitalization, the number of CCs
is growing (cf. Fig. 3). The increased attention in 2017/2018 yielded in the evolu-
tion of new CCs, and throughout 2019, it seemed that the CC sector consolidated.
This phase also includes Paypal’s announcement of Bitcoin as a payment method.
In mid-2020 though, the creation of new CCs continued, whether this is driven by
the economic turmoil caused by the COVID pandemic or the increased accept-
ance and applications of CCs (Hou et al. 2020; Hardle et al. 2020) remains to be
seen.

Besides the growth of the market capitalization and the increasing number of
CCs, it is worth noting that the composition of the top 10 and top 30 CCs (by
market capitalization) is under constant transformation. Figure 4 displays the
composition and share of the top 10 CCs for the period of 2018-01 to 2021-06.
Each bar refers to the market share of the top 10 CCs at the first day of each
quarter; each colour indicates the share of the respective CC. Some insights are
directly observable: the share of Bitcoin changes continuously; in January 2018,
Bitcoin represented 38% of the CC sector, though, in October 2019, its share
reflected 67%. Furthermore, the top 10 CCs represent between 80 and 90% of the
overall CC sector, depending on the time point. But most importantly, only within
the 3 years under review, the composition of the top 10 CCs changed very often;
only Bitcoin, Bitcoin-Cash, Ethereum, and Ripple were at each stage present in
the top 10. In total, 20 CCs appeared in the top 10 in recent years. Mapping these
dynamics poses major challenges to index issuers.

2.2 CCdata and index data

Two data sets are used in the analysis: daily data of all publicly traded CCs are
obtained from coingecko.com. The authors thankfully acknowledge their freely
accessible API that allows retrieving information on prices, volumes, and market
capitalization for each CC. In addition, data on CC indices are thankfully pro-
vided by Bloomberg, f5 crypto capital, CCi30, and thecrix.de. As the CC market
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is not centrally organized, no central authority issues an industry benchmark
index. The aforementioned index issuers and data providers are partially research
units and partially private companies. Their methodological approaches differ
significantly, which is the topic of the following paragraphs.

The period of the analysis is restricted to August 2018 to February 2021. The
reasoning is rather practically than theoretically founded, because many of the
indices have been just recently issued and their historical values are thus not
available.

2.3 Composition of indices

Bitwise 10 Bitwise 10 Large Cap Crypto Index is a CC index by San Francisco-
based company Bitwise Asset Management. Their CC index covers the ten
biggest CCs by market capitalization, not including stablecoins (= Cs that are
pegged to a fiat currency). The index is constructed by weighting each constituent
by the free-float and inflation adjusted market capitalization. Unfortunately, the
exact weighting scheme is not known to the authors. Bitwise’s other indices, Bit-
wise 20, Bitwise 70, and Bitwise 100, are constructed in a similar manner. Most
recently, Bitwise issues an index fund based on Bitwise 10.

BGCI Bloomberg Galaxy Crypto Index is issued by Bloomberg in cooperation
with Galaxy Crypto. The index consists of at most 12 constituents, which are the
biggest CCs ranked by market capitalization. The contribution of each constituent
to the final index is capped at 40% and floored by 1%. Unfortunately, Bloomberg
does not publish its guidelines on which base they determine the number of con-
stituents of its index. The index values are calculated by

Yo Piy X0, X CF,,,

BGCIZ = D s

where P;, is the price of constituent i at time ¢, Q,, the circulating supply of each
constituent i in month m and CF, , the cap/ floor correction factor; D is a divisor for
scaling. If a constituent exceeds the cap, its remaining weight is redistributed among
the other constituents relative to their market capitalization.

CRIX The CRyptocurrency IndeX has been developed at the Blockchain
Research Center at Humboldt University Berlin by Hirdle and Trimborn (2015)
and is constructed as a Laspeyres index that weights the market capitalization of
its constituents relative to the base year 2015

CRIX, = 2 PizQiO’
2 PioQio
where P, refers to the price of CC i at time ¢ and Q;, to the amount of CC i. The num-
ber of included coins is adjusted dynamically, to ensure that the CRIX represents the
total CC sector accurately. The selection of the constituents is done by an iterative
algorithm that penalizes for an increasing number of constituents, but aims to mini-
mize the deviance of the portfolio to the total CC market. As selection criterion, the
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AIC is applied to balance the CRIX between a sparse number of constituents and an
accurate representation of the whole CC market. Furthermore, only liquid CCs are
eligible to be included on the index.

CCi30 Cryptocurrency Index 30 selects the top 30 CCs by adjusted market
capitalization, excluding stablecoins. The index, developed by Rivin and Scevola
(2018), is fully transparent and replicable, and historical index values are avail-
able on cci30.com.

The weight of each constituent to the index is computed by the square root of
its adjusted market capitalization relative to the adjusted market capitalization of
the other constituents. The adjusted market capitalization itself is smoothed expo-
nentially to represent a moving average over past periods and to remove tempo-
rary fluctuations. Formally, the index values are calculated by

& VMO P

CCi30, = :
0= 2, YO i PO

where P; is the price of constituent j and the adjusted market capitalization M* is
weighted in the following way:

Yo M(T — e
E:ZO e—ai ’

Rivin and Scevola (2018) argue that the dominance of Bitcoin and Ethereum
is reduced by taking the square root of the adjusted market capitalization of each
coin. Following their argumentation, smaller CCs beyond Bitcoin and Ethereum get
thereby more weight and the index is more diversified.

F5 The F5 crypto index issued by Berlin-based start-up F5 Crypto Capital (cf.
Elendner 2018) is a CC index which consists of the 12 biggest CCs by market capi-
talization. Excluded are stablecoins, anonymous CCs, and CCs that are traded less
than 100 days. The weights of each constituent to the F5 index is computed by its
momentum

M) =

momentum, = price, — price,_,,.

The weight allocation by the momentum strategy already reveals the purpose of the
index as an investment tool: the best-performing CCs get more weight. Jegadeesh
and Titman (1993) have shown that the momentum strategy works for stock markets;
however, it still lacks a theoretical foundation. The quantitative analysis in Sect. 3
will elaborate whether the momentum strategy also succeeds in the CC sector.

HODLS5 The CC index HODLS is issued by Amun Technologies Limited, and
aims to track the performance of the top 5 most liquid CCs. Interestingly, CCs are
not selected according to their current market capitalization, but according to their
projected market capitalization in 2050. The index is constructed using the Laspe-
yres’ form
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Yiei P Q,; % CFy;
D 9’

t

HODLS5, =

where P, ; refers to the price of CC i, Q,; is amount of CC i outstanding, CF,; is
weighting cap/floor correction factor, and D, is the stability and scaling divisor. The
cap/floor correction factor is imposed to guarantee diversification and avoid under-
and over-weighting.

NCI The Nasdaq Crypto Index is developed by Nasdaq, Inc. and the crypto
asset manager Hashdex and they offer the corresponding Hashdex ETF available
on Bermuda Stock Exchange (BSX). Its asset eligibility principles are about core
exchanges, core custodians, free-floating trading volume, and price. The index val-
ues are calculated by

C
2,‘ Qt,iP 1i

t

NCI, =

where Q, ; is the supply of CC i fixed on the previous reconstitution and rebalance
date. The divisor D, is used for scaling and smooth transitions at the rebalancing
dates. The set of constituents C is not precisely defined. NCI is not included in the
quantitative analysis of Sect. 3, because historical values are not available, since the
index was just issued recently.

UC5The CF Cryptocurrency Ultra Cap 5 Index is issued by CF Benchmarks Ltd.
It aims to track the performance of the top 5 largest CCs by market capitalization,
excluding stablecoins, and aims to be used as a benchmark for the CC sector as
defined by the EU Benchmark Regulations (“EU BMR”). It is calculated as follows:

UC5, — Zi at,th,tpt,t i
D;

where g is the free-float adjustment factor, P, is the price of constituent i at time ¢,
and D is the scaling and smoothing divisor. The Ultra Cap weights its constituents
by free float market capitalization. Its historical data are not available.

2.4 Classification of indices

A tabular comparison of the index methodologies is summarized in Table 1. The
main differences between the approaches concern the number of constituents and
their weighting scheme to the respective index. We categorize the CC indices based
on their methodological approaches in three categories: First, market cap weighted
indices. This group comprises Bitwise 10, the CRIX, NCI, and Ultra Cap 5. Sec-
ond, adjusted market cap indices. This group comprises BGCI, CCi30, and HODLS.
Third, customized weighted indices. This group consists of F5.

The first group, market cap weighted indices, is constructed as Laspeyre indices
and constituents are weighted by their market cap. The striking difference between
them refers to the selection of constituents: UC5 takes the top 5 CCs by market cap,

@ Springer



158 Digital Finance (2022) 4:149-167

Bitwise 10 the top 10, whereas the CRIX selects dynamically the optimal number of
constituents by some AIC/BIC information criteria. The number of constituents of
the NCI varies, as well.

The second group, adjusted market cap indices, imposes restrictions on the mar-
ket cap weighting. This group is as well rather heterogeneous: the number of con-
stituents varies from 5 (HOLDS) to 30 (CCi30). All of them make adjustments to
the market caps: the general reasoning is to break the dominance of Bitcoin and
Ethereum by limiting their weights (CCi30, BGCI, and HODLS), and thus to allow
for more diversification.

The third group, customized weighted indices, consists only of the F5 crypto
index. The implementation of the momentum strategy by F5 followed the logic of
stock markets (cf. Jegadeesh and Titman 1993; Carhart 1997; Jegadeesh and Titman
2001), and its success (relatively high mean return) indicates that it works as well
for the CC sector. The momentum strategy, however, is a purely empirical argument,
and it is lacking theoretical foundation.

Some notes on the indices: the methodological approach of the indices is very dif-
ferent. The coverage of CCs varies a lot, from 5 (UC5 and HODLS) to 30 (CCi30).
This opens the question whether an increasing number of constituents yield in a
better mapping of the overall sector. Furthermore, it remains to be seen whether
the adjustments to the market caps (group 2) impact the empirical properties (see
Sect. 3), and whether these adjustments are beneficial. On one hand, the adjustments
lead to more diversification among the constituents, but at the same time, it may
distort the mapping of the CC sector. Finally, the level of transparency of the indices
varies a lot: some index issuers even publish their source code, and others remain
mysterious with regard to their mechanisms (choice of constituents, weighting algo-
rithms) and the respective index values. As trust is crucial for financial sectors, we
are curious to see which index outperforms its competitors.

3 Quantitative evaluation of CC indices

The objective of issuing an index can either be to track a market segment as accu-
rately as possible or to construct an investment instrument on it that allows to diver-
sify coin-specific risks and to benefit from overall market gains. Irrespective of the
motivation, several comparison criteria are proposed to measure the performance of
the CC Indices under review with regard to both motives.

First, tackling the issue of accuracy, the correlation of each index to the scaled
total market index (TMI) is taken as comparison criteria. This benchmark TMI is
composed of all available CCs, weighted by their market capitalization, and scaled
to 1000 points as starting value. Such a TMI is an ideal theoretical construct; how-
ever, it is not feasible to implement it in practice, since there are minimum trading
amounts and trading fees.

As can be seen in Fig. 5, all CC indices are highly correlated to the TMI. Each
violinplot is obtained by bootstrapping: 1000 samples of 100 observations are taken
from the data, for each sample, the correlation between each index and the TMI is
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Table 1 Composition of CC indices

Index # of constituents Index and weights Abbreviations

BGCI <12 BGCI, = 2 PiyXQinXCFyy 0, ,» = circulating supply of each
b constituent i at month m
CF;,, = Cap/Floor correction factor:
max weight at 40%, min weight

1%.
Bitwise 10 Weighted market cap
10
CCi30 30 ) 0 VMO py M= moving-average adjusted
CCi30, = Zj:l % /i p© Market Cap of CCj
DRIV %(0) p J
CRIX Dynamic adjustment  cpry — Zifulo P,, = price of CC i at time ¢
due to AIC T XiPuQo Q;, = supply of CC i at time ¢
F5 12 Equal weights momentum, = price, — price,_,
+ momentum factor
HODLS 5 HODLS = ZifuiluChii CF; = Cap/Floor correction factor (if

D, applicable, otherwise set to 1)

NCI Unset NCI = 2 0Py Q,;, = supply of asset i fixed on the
! D previous rebalance date

ucs 5 Ucs, = 2 4isQicPis a; free-float supply adjustment
t D;

computed. The highest correlation reveals the CRIX, BGCI, and HODLS. Direct
inference from Fig. 5 contains some pitfalls: the TMI itself is constructed as a mar-
ket cap weighted index (cf. group 1 of Sect. 2.4). The high correlation of TMI with
Bitwise 10 and the CRIX are partially caused by the same way of construction.

It is not surprising that all the indices are highly correlated to the TMI; however,
it is surprising that HODLS is higher correlated with the TMI than CCi30. These
two indices belong to the second adjusted market cap group. The CCi30 consists of
30 constituents; HODLS consists only of 5. This finding indicates that it is enough to
track the top coins by market capitalization and to discard the rest. Hu et al. (2019)
found similar results, and their study showed that the returns of CCs are highly cor-
related, especially to the returns of Bitcoin. Additionally, Keilbar and Zhang (2021)
identified multiple cointegration relationships among the top CCs, which supports
the hypothesis that is enough to track a few top coins and to discard the rest.

Second, as the statistical properties of each index differ due to methodological
differences of their composition, an analysis of their statistical properties is con-
ducted, with a special focus on their moments. As comparison criteria, the Proba-
bilistic Sharpe Ratio (PSR) introduced by Bailey and Lopez de Prado (2012), the
Sortino Ratio (SoR) (cf. Sortino and Price 1994), the Omega Ratio (Keating and
Shadwick 2002), and the Maximum Drawdown (MMD) are used as performance
measures. A normal Sharpe Ratio as a measure of return to risk is a point esti-
mate constructed on empirical estimates based on historical values. In settings
where the moments of the return distribution are non-normal, the classical Sharpe
Ratio is not reliable, because higher moments have an impact on the confidence
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intervals of the estimated Sharpe Ratios, and thus on their statistical significance.
The proposed measures deal in different ways with the non-normality:

As outlined by Lo (2002), the estimated variance of a Sharpe Ratio under the
assumption that returns are normally distributed is given by

5(SR) = ,/%(H%SARZ). )

However, in the overall CC market, returns are highly non-normal. As shown in
Table 2, the properties of all indices differ from the normal distribution. Mertens
(2002) suggests to adjust the confidence bands of Sharpe Ratios that are estimated
based on non-normally distributed returns by higher moments. Loosening the
assumption of normal returns (cf. Bailey and Lopez de Prado 2012), the estimated
variance of the Sharpe Ratio extends to

s ] R

where y; is the skewness and y, the kurtosis. It is basically an Edgeworth expansion
that adjusts for the non-normal higher moments. The PSR by Bailey and Lopez de
Prado (2012) applies this standard deviation to assess the significance of the esti-
mated Sharpe Ratios. Given a predefined benchmark SR*, the PSR of Bailey and
Lopez de Prado (2012) is defined as

1.00
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BBGCI BITWISE10  CCI30 CRIX F5 HODL5

Fig.5 Violinplots of the correlation between each index and the TMI. Densities obtained through boot-
strapping. Q evaluation_indices
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PSR(SR”) = Prob[SR" < §R|. 3)

which can be estimated by

(SAR— SR*)

(S/ﬁ— SR*)\/n _1
— =7
6(SR —~ 2
BB \/1 ~ 7SR+ 1SR

where Z refers to the cdf of the standard normal distribution.

In addition, Sortino and Price (1994) proposed the Sortino Ratio (SoR) to
account for the asymmetric returns of assets. It is a slight modification of the
Sharpe Ratio and it measures the riskiness of an asset by the downside deviation
o4 instead of the standard deviation

P/ST((SR*) =7 , )

r—r*

SoR =

&)

04

The downside deviation o, considers only returns that fall below a certain threshold

r*

N
0= | 5 X minG =, O)F. ©)
i=1

Note, however, that the divisor remains still N; thus, the downside deviation meas-
ures the size of downside returns, and simultaneously weights them by the probabil-
ity of their occurrence.

Table 2 Descriptive statistics on daily level for the CC indices under review, rounded values

G r% sd Y5 Ya SR PSR MMD £(0) SoR

TMI 029 0.04 -0.89 1047 0074 099 0.62 1.23 0.11
BITWISEI0 1 023 003 -0.85 7.56 0.066 098  0.59 1.22 0.09
CRIX 1 028 0.04 -0.78 1066 0.067 098 0.64 1.21 0.10
BBGCI 2 025 004 -014 571 0.059 097  0.67 1.22 0.09
CCI30 2 026 0.04 —-090 9.89 0.061 097 0.64 1.19 0.08
HODL5 2 023 004 -040 520 0.057 096  0.65 1.17 0.08
F5 3 032 005 -066 8.20 0.071 099  0.65 1.22 0.10

Period of analysis 08/2018-06/2021

G group (cf. Sect. 2.4), r daily returns, sd standard deviation of returns, y; skewness, y, kurtosis, SR
Sharpe Ratio, PSR probabilistic Sharpe Ratio, MMD maximum drawdown, SoR Sortino Ratio. PSR
given the benchmark SR* = 0 (probability of positive Sharpe Ratios). Q evaluation indices
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A risk to return measure that accounts for non-normal returns but does not
require to estimate higher moments individually is the Omega Ratio (£2), pro-
posed by Keating and Shadwick (2002). It is defined as the ratio of gains versus
losses relative to some threshold 0

" [1— F(r)d
Q0) = % )
f_oo F(r)dr

where F is the empirical distribution function of the returns r.

Additionally, we propose the Maximum Drawdown (MMD) as comparison cri-
teria. The MMD measures the peak-to-trough decline of a financial asset i during
a fixed period (Magdon-Ismail and Atiya 2004; Ankenbrand and Bieri 2018). As
an asymmetric risk measure, it helps portfolio managers to make investment deci-
sions. It is usually defined as the percentage loss of the peak value

MMD Mi,t - M
i = M—i,t’ ®)

where M;, = max ¢, P; ,» is the price peak of asset i during time period of [0, 7].

m;, = min, o P; ,» 1s the price though of an asset during this time period.

Descriptive statistics for all indices whose historical data are available are
summarized in Table 2. Unfortunately, we were not able to obtain data of the NCI
and UCS. The column returns refers to daily returns, not annualized returns.
Column sd displays the standard deviation of daily returns, skewness and
kurtosis refer to the higher moments of the return distribution. The Sharpe
Ratios (SR) assume a risk-free interest rate r* = 0. Up to our knowledge, there is
still no theoretical founded guideline which interest rate to choose for the com-
putation of Sharpe Ratios in the context of CCs. The Probabilistic Sharpe Ratios
PSR compare the Sharpe Ratios relative to the benchmark of SR* = 0, see Eq. (3).
The values in PSR thus refer to the probability of positive Sharpe Ratio estimates.
The column MMD is the Maximum Drawdown as defined in Eq. (8). Column £2(0)
displays the Omega Ratio (cf. Eq. (7)) given a threshold 8 = 0; thus, it measures
the probability of gains versus losses. The last column, SoR, is the Sortino Ratio
with a risk-free interest rate r* = 0.

The estimated returns seem quite low, but one has to consider that these are daily
returns. Take TMI as an example, when transforming the daily return to yearly return
by compound interest method, the mean yearly return is about 184%. Skewness and
kurtosis differ for all indices by far from the normal distribution (y; # 0, y, # 3).
Our estimates support the findings of Zhang et al. (2018) and Hardle et al. (2020)
who report heavy tails of return distributions for many CCs. The non-normality of
returns supports the application of the PSR and other asymmetric measures.

Interestingly, the F5 crypto index and CRIX reveal the highest returns, 0.32
and 0.28%, respectively. In this regard, the CRIX comes closest to the TMI, which
is not surprising as the iterative construction algorithm of the CRIX aims to
minimize the deviance of the returns between the CRIX CC basket and the TMI.
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Furthermore, the high return of the F5 index indicates that the momentum strat-
egy (Jegadeesh and Titman 1993; Elendner 2018) is effective in the CC market.

The moments of some CC indices (CCi30, CRIX) are closer to the TMI than
others. This is partially due to the weighting schemes as described in Sect. 2.3
and partially by the coverage of CCs included. Others however (BGCI, HODLS,
both Group 2) are closer to the normal distribution.

The highest Sharpe Ratios are achieved by F5 (0.071), the CRIX (0.067), and
Bitwise 10 (0.066). Interestingly, this corresponds to Group 1 and Group 3 (cf.
Sect. 2.4) . These estimates alone are not very informative, as the return distri-
butions are highly non-normal. The PSR is a useful remedy to work around this
issue. Given the benchmark SR* = 0, we can interpret the PSR as the probability
of obtaining positive Sharpe Ratios. Here, we observe similar patterns: the high-
est PSR is achieved by F5 (0.99), followed by Bitwise 10 and the CRIX (both
0.98), though the estimated PSRs are quite similar for all indices (due to the over-
all bullish market dynamics during the period of analysis).

The maximum drawdown, column MMD, measures the maximum percentage
peak-to-trough decline of each index and the TMI. The total market’s max draw-
down is about 62%, and the inglorious highest MMD is achieved by BGCI. CCi30
and the CRIX have the closest MMD value relative to the TMI.

The Omega Ratios for all indices are greater than one, which means that an
investment in this sector is likely to yield more profits than losses. For the period
of analysis, the CC sector was bullish, which intuitively confirms our findings. In
line with the other measures, the indices of group 1 and 3 reveal the highest Omega
values.

So which index performs best? The answer depends on the intentions of the ques-
tioner, regulators may prefer most accurate and transparent indices, investors the
most profitable ones. That is the topic of the following section, which discusses the
(dis-)advantages of the CC indices.

4 Discussion of CC indices

An index that consists of all CCs would perfectly represent the dynamics of the
CC sector. However, this is in practice not feasible due to the high effort involved
(steady rebalancing, trading costs, minimum trading amounts, etc.). Therefore, each
issuer of an index must make simplifying assumptions; the details are outlined in
Sect. 2.3. Consequently, these assumptions affect the statistical properties of the
indices, which was the topic of Sect. 3. But which index is now preferable? In this
section, we discuss the advantages and disadvantages of the CC indices, how they
approach the challenge of mapping the dynamics of a continuously transforming and
rising sector as described in Sect. 2.1, and how accurate, robust, and transparent
they are.

Bitwise 10 The index scores with high accuracy in mapping the CC dynamics
and a broad coverage of CCs. From an investor’s point of view, the index seems
preferable due to its low MMD and high PSR. Interestingly, the plane market cap
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weighting scheme outperformed the adjustments of Group 2. Only a few minor flaws
tarnish the picture: the exact weighting scheme is not disclosed and the trading costs
can be considerable, as the top 10 CCs by market cap are under constant transforma-
tion (cf. Fig. 4)

BGCI The analysis revealed some shortcomings in the construction and proper-
ties of the BGCI index. The cap/floor correction factor does reduce the dominance
of Bitcoin, though this results in lower (P)SR and high MMD, as the gains of the
Bitcoin growth are capped. Overall, BGCI maps the market dynamics very accu-
rately, though it is not quite clear how the number of constituents is determined.

CCi30 Covering the top 30 CCs by market capitalization yields in high diversifi-
cation and reduces the inherent risks of specific CCs. The disclosure of their meth-
odological approach and the freely accessible index data promote transparency and
thereby trust. However, there are two major downsides of this approach: first, the
square-root adjustments to the market capitalization of each index distort the map-
ping of the CC sector dynamics. Second, the extensive list of covered CCs bears
relatively high trading costs at each rebalancing date (though trading costs are rela-
tively low in the CC sector).

CRIX The CRIX is characterized by many positive features: the dynamic adjust-
ment through its iterative algorithm yields in an optimal mapping of the CC dynam-
ics at low costs (i.e., a sparse number of constituents). In addition, this algorithm
allows to benefit very closely from the gains of this rising sector, which is empiri-
cally supported by the high PSR and the high correlation to the TMI. A major down-
side lies in the relatively high transaction costs that occur due to the dynamic rebal-
ancing and the in/exclusion of constituents.

F5 The only customized weighted CC index in this analysis performed well. Our
prior beliefs that the returns generated by the momentum (cf. Elendner 2018) strat-
egy would be significantly different from the other indices turn out to be validated:
the high returns and (P)SR indicate the the momentum strategy works as well for
the CC sector. The downside of the momentum strategy, however, is its lack of theo-
retical foundation. Additionally, the undisclosed customized weighting does not pro-
mote transparency.

HODLS5 Among the indices with adjustments in their weighting schemes (Group
2), HODLS reveals high accuracy in mapping the CC dynamics. That is impressive,
since the cap/floor correction factor distorts the mapping. However, the index’s key
figures are rather mediocre.

Overall, the indices deal in different ways with the challenge of mapping the
dynamics of the rising CC sector. Our analysis reveals several insights: First, an
increasing number of constituents covered by an index do not automatically yield in
a better mapping of the CC sector’s dynamics. The best example is given by HODLS
(5 constituents) and CCi30 (30 constituents): both make adjustments to the market
capitalization in their weighting schemes, but HODLS5 outperforms CCi30 in terms
of accuracy. The argument by Rivin and Scevola (2018), an increasing number of
constituents lead to more diversification, seems to have been invalidated. This is
not surprising, since Keilbar and Zhang (2021) identified several cointegration rela-
tionships among the top CCs and Zhang et al. (2018) report correlations among the
returns of many CCs, especially Bitcoin.
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Second, purely market cap-weighted indices perform well. Adjustments in the
weighting schemes are not very beneficial. Bitwise 10 and the CRIX yield very high
returns, and their PSRs are among the highest of the indices under review. Introduc-
ing a cap/floor to some constituents like BTC or ETH (cf. BGCI, HODLS) does not
only distort the mapping of the CC sector’s dynamics; it also affects the statistical
properties of indices negatively (i.e., SR, PSR, and MMD), because capping them
also means not benefiting from their strong growth. From a methodological point of
view, we consider the purely market cap weighting approach as the “correct” one,
as it maps the CC sector’s dynamics accurately. In practice, this approach is widely
employed in classical financial sectors, as indices like the S&P 500 or the German
DAX are constructed in such a way.

Third, transparency. The CC sector is not yet consolidated and the underlying
technological mechanisms are not understood by the public (Hirdle et al. 2020). As
for any currency, trust is crucial for the acceptance of CCs. The CC indices could
promote trust through transparency, e.g., by disclosing the construction mecha-
nisms, weighting schemes, and index data. Unfortunately, this is not the case for all
the indices under review. We do not know which index will emerge as the leading
benchmark for the CC sector, but transparency will certainly be a factor.

The only index that satisfies all criteria is the CRIX. It is a purely market cap
weighted index, its methodological approach is well grounded (cf. Trimborn and
Hirdle 2018), its index data are publicly available (on thecrix.de), it closely tracks
the market dynamics (cf. Fig. 5) and by its iterative algorithm, and it benefits opti-
mally from the gains of the rise of the CC sector (cf. Table 2). As the CC sector is
under continuous transition and not yet consolidated (cf. Figs. 3, 4), the CRIX as the
only index with dynamic adaption to the market outperforms its competitors.

5 Conclusion

The present paper examined the quantitative and qualitative properties of the cur-
rently existing CC indices. A detailed assessment of their composition, methodo-
logical differences, statistical properties, and accuracy in representing the CC sec-
tor yielded several insights: First, the major differences in the construction of the
indices lie in the weighting scheme and the number of constituents in each index.
Surprisingly, a larger number of CCs included in an index do not necessarily lead
to higher accuracy in the representation of the CC market. Second, purely market
cap weighted indices perform well. Adjustments in the weighting schemes are not
very beneficial. Bitwise 10 and the CRIX yield very high returns, and their PSRs
are among the highest of the indices under review. Introducing a cap/floor to some
constituents does not only distort the mapping of the CC sector’s dynamics; it also
affects the statistical properties of indices negatively (i.e., SR, PSR, and MMD).
We wonder which index will take the dominant position in this sector and act as a
benchmark index. In our point of view, the CRIX developed by Trimborn and Hérdle
(2018) is the most suitable index due to its (1) scientific foundation, (2) transparency
and publicly available index data, and (3) its optimal solution to the fundamental
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trade-off every index is facing (a sparse number of constituents and high accuracy in
mapping the CC sector’s dynamics).

Our analysis can be the basis for further research as well as for practical appli-
cations. Our results are of particular interest to financial engineers and financial
regulators: the former can build investment tools on CC indices, such as ETFs or
options, while the latter can monitor the CC sector with indices characterized by
desirable properties and sound methodological foundations to assess the systemic
risk and network effects of the CC sector. First steps in this direction have been done
by Ren et al. (2020) and Guo et al. (2021).
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