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This Master’s thesis focuses on risk and return of leveraged exchange-traded funds by testing
how they hold on to their expected k-multiplier returns on different investment periods. Em-
pirical analysis is done by studying returns of 22 leveraged and inverse leveraged ETFs
against their conventional benchmark ETFs, from last seven years. Risk-return relationship
is tested with regression analyses, and further validated with t-tests. In addition, effect of
volatility is tested with correlation tests. Results of this thesis strengthen previous findings
and theories of an investor being able to relatively safely expect returns denoted by the lev-
erage-multiplier, on investment periods up to 1-month. Results suggest that this is even more
likely to occur on positively leveraged ETFs than when investing in inverse LETFs. In ad-
dition, results suggest that 2x-leveraged ETFs could provide k-times returns even on 3-
month investment periods, unlike inverse LETFs. Theories behind LETFs suggest that vol-
atility causes LETF returns to decay on long investment periods. Although results of this
study also suggest that volatility has negative correlation to LETF returns, positive effects
of compounding and path-dependence of LETFs are noted on very long time periods, awak-

ing further questions about performance on ultra-long investment periods.
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1. INTRODUCTION

Exchange traded funds (abbr. ETFs), having only been around in their current form from the
beginning of 90’s, are a very popular investment vehicle. ETFs, most often designed to track
a certain market index, can provide an easy and cost-efficient diversification for a retail in-
vestor. Most important thing separating ETFs from mutual funds is their tradability. As the
name suggests, unlike mutual funds, exchange traded funds are tradeable between investors
in stock-exchange. Since the introduction of first ETFs in 1993, by July 2019 global ETF
assets had reached total of $5.58 trillion (ETF Guide 2019, 6).

This thesis focuses on special type of ETFs, leveraged ETFs. Being fairly new investment
vehicle, LETFs and issues related to their returns have however been studied a lot recently.
Daily rebalancing, constant leverage trap and unwanted effects of volatility has made lever-
aged ETFs rather controversial investment vehicles and motivated academic world to study
them, since they were first introduced in 2006. Controversy around these instruments has
further risen by investors, as there has seemingly been misunderstanding about how these

instruments actually work.

This thesis focuses on the risk and returns of leveraged ETFs, with an empirical section to
test, how well leveraged ETFs can provide returns suggested by their leverage multiplier, on
different investment periods. Although same type of research has been done in the academic
field of leveraged ETFs, this thesis applies these methodologies to the latest 7-year period,
including leveraged ETFs with different amount of leverages, and not only limiting to equity
ETFs, but also including fixed-income ETFs to the study. Arising from the misunderstanding
among investors, in this thesis returns of leveraged ETFs are studied in different holding
periods to test, how well they hold on to the returns suggested by the leverage-multiplier,
against their non-leveraged ETF equivalents, serving as benchmarks.

After this introductory chapter, focusing on theoretical framework, motivation, objectives

and research questions, is provided a comprehensive literature review. Literature review



starts with introduction to leveraged exchange-traded funds as an instrument. This is then
followed by presenting problems and theories suggested by previous literature and academic
research of the subject. In addition to focusing on the returns, literature review discusses the
most important aspects of LETFs studied in the academic world. After literature review,
dataset for the empirical section of this thesis, as well as the criteria for choosing the data,
are presented. Chapter 4 presents the methodology, followed by chapter 5 presenting the
empirical results from the tests presented in methodology chapter. Final chapter summarizes
the results, discusses conclusions and limitations of the thesis, also providing ideas for fur-

ther research.

1.1. Theoretical framework and motivation of study

Where conventional ETFs are often designed to track a particular index, leveraged ETFs
target to capture the daily changes of the underlying index, with certain multiplier. For ex-
ample, ProShares Ultra S&P500 (SSO) has a daily target of doubling the change of the un-
derlying index S&P500: If underlying index S&P500 would change +0.5% in a single day,
should leveraged SSO have a change of +1.0% at the end of that day.

In addition to these positively leveraged bullish ETFs, inverse, or negatively leveraged, bear-
ish ETFs have been included into this research. Like positively leveraged ETFs, these inverse
ETFs also have a target index to track, but the multiplier is negative, leading the price of the
ETF to move in the opposite direction than the underlying index. In addition to equity ETFs,
which track market indices, fixed-income ETFs are also included to this study, as they seem
to be even scarcer in the academic research. Fixed-income leveraged ETFs are a very niche
type of ETFs, and there is not much test subjects and data available. However, the motivation
to add these fixed-income, or bond LETFs to this study, is based on the increased popularity
among investing in fixed income. In addition, for example in Finland, direct investing in
fixed-income can be somehow limited and bond ETFs seem to be rather convenient way to

get fixed-income instruments in a portfolio.



Leveraged ETFs, especially their risk and return have been researched before in academic
literature. However, regarding master theses from Finland, there seems to be an absence of
thesis focusing mainly on leveraged ETFs, no matter that conventional, non-leveraged ETFs

seem to be a popular subject among thesis authors.

The concept of risk and return of leveraged ETFs is very interesting from a point of an in-
vestor. If assuming that the daily returns of leveraged ETFs matching their targets on daily
basis would imply same kind of double or triple performance also on long periods, investors
could get rapid gains or losses with lesser capital than what would be needed with conven-
tional ETFs. When adding the factor of risk to this assumption, an investor could double or
triple their desired returns, by doubling or tripling their risk, using these instruments.

Considering these assumptions, they actually hold on 1-day investment periods. If not taking
account of tracking error (in other words the fund not being able to track its benchmark
index), for 1-day periods an investor can actually reliably seek for double or triple profits,
with the same ratio of risk than with using conventional ETFs. This is simply because of
how the instruments are built. By doubling the risk, one would end up double the profits.
This is the base for studying the returns matching the leverage-multiplier returns on longer

investment periods, because of being able to do so, the risk-ratio would stay static.

1.2. Objectives and research questions

Obijectives of this thesis is to research risk and return of leveraged ETFs. This is done by
studying and testing them against their non-leveraged counterparties, referred as conven-
tional ETFs. Considering the articles discussed in the literature review, studies of leveraged
ETFs can roughly be divided in three groups. First type of studies are empirical studies based
on real data. Second type is simulation-based studies. As leveraged ETFs have been around
for only a short period of time, especially the first studies were done by simulating the data

in purpose of getting a longer span of observations. Thirdly, returns of LETFs have been
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studied in purely theoretical way, by observing the returns and for example effects of vola-

tility in long periods with mathematical approach.

In the aspect of LETF returns, the object of this thesis is to provide latest empirical evidence
from a selection of popular leveraged ETFs and reflect the results from previous research in
the light of these results. In theory, leveraged ETFs can not reach their k-times returns (k
being the leverage-multiplier) on a long term, as explained in the literature review of this

thesis.

First research question of this thesis is approached from the aspect of k-times returns and is

defined as:

Can leveraged ETFs provide k-times returns on longer than 1-day holding periods?

HO: K-times returns are provided on a given holding period

Considering daily returns of a leveraged ETF with a k-multiplier of 2x, that LETF would
provide double the returns and risk on a 1-day investment period, compared to its non-lev-
eraged benchmark ETF, assuming no tracking error on 1-day basis. With this assumption,
risk-return-ratios of these leveraged and non-leveraged ETFs are the same. The null-hypoth-
esis is based on this idea, that risk-return-ratio would stay static and then k-multiplier returns

would also reliably occur on longer investment periods.

If the question for this answer is positive, it awakens further questions, such as for how long
investment periods the k-multiplied returns can be matched, and is there difference between
the groups of LETFs, such as positively leveraged and inverse leveraged ETFs, or equity
LETFs and fixed-income LETFs. To assess the development and behavior of returns in dif-

ferent investment periods, second research question is defined as:
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Are there significant differences in the behavior of returns between groups of LETFs?

HO: There are no significant differences in behavior of returns between groups

This question is based on the idea, that there would be recognizable characteristics in the
returns of LETFs, so conclusions and distinction between groups could be made. For exam-
ple, based on the theories presented in the literature review, it is expected that different be-

havior between for example positively and inverse leveraged ETFs will be observed.

Although risk-return ratio is assessed within the first research question, the context can be
approached from another perspective. With additional methodology, presented in chapter
4.3. | assess risk-return ratio by directly comparing risk-adjusted returns of LETFs and their

non-leveraged benchmarks. Third research question is then defined as:

Do leveraged ETFs provide risk and return in the same ratio as their non-leveraged coun-

terparties?

HO: Risk-adjusted returns between leveraged and non-leveraged ETFs are the same

Based on the idea that if k-times returns would be achieved on any given period, the risk-
return ratio would stay static, the third research question is fundamentally similar to the first
research question, as both answer to the LETFs ability keep the risk-return ratio static. Third
question is however separated to its own, to define additional null-hypothesis which also
backs up the results achieved regarding the first two questions, as will be seen in results and

conclusions of this thesis.
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2. LITERATURE REVIEW

This chapter presents the concepts handled in this thesis and makes an extensive look into
the previous academic research of this topic. After a brief of leveraged ETFs as an instrument
current state of research of LETFs is presented. Lastly, equations of 2x-leveraged ETF re-
turns are presented, which is then applied to 3x-leveraged ETFs, to show how 3x-leveraged
ETFs should be more prone to deviate from the expected k-times returns.

Majority of research articles presented in this chapter were discovered through LUT Finna’s
international e-materials search. Entries like “leveraged ETF”, “leveraged ETF perfor-
mance” and “leveraged ETF returns” provided relevant articles and already at very early
stage, the most important papers concerning this subject were recognized. Similar results
were achieved from Google Scholar -search, providing much of the same articles. Consid-
ering the amount of cross-referencing between articles, it was easy to recognize the pioneer-
ing studies of this field. In addition to the most relevant and referenced articles, publications
from a number of financial journals were included, as LETF returns has also been discussed

a lot outside the actual research papers.

2.1. Leveraged Exchange-Traded Funds

Leveraged ETFs (or LETFS), being fairly new instruments, were introduced first in 2006,
when ProShares introduced six products with both bullish and bearish features. Two years
later, Direxion introduced the first 3x leveraged ETFs. (ETFdb.com 2019a). In 2019, total
leveraged ETF assets in the United States markets are $36.74 billion (etf.com 2019), which
is only a fraction of all ETF assets in U.S. markets, being at around $4 trillion (ETF Guide
2019, 6). It is safe to say that leveraged ETFs are still a very niche type of ETF and their
behavior, risk and return have been in great discussion among academic and investment

world.
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As explained earlier, leveraged ETFs are structured to track an underlying index with certain
multiplier, usually 2x and 3x, or negative -2x and -3x. Leveraged ETFs are constructed by
using debt and/or derivatives to generate the desired performance related to the benchmark
index (The Motley Fool 2017). Based on the fact, that leveraged ETFs are designed to track
the daily variance, rather than long-term returns of the underlying index, consensus among

investors is that they are suitable only for short-term investing.

2.2. Returns of Leveraged ETFs

This chapter goes through previous research of LETF returns and discusses the theory and
previous empirical findings behind them. Observing the theories behind LETF returns gives
us a good basis to understand, why it makes sense to compare these LETF returns to the

returns of their conventional counterparties.

2.2.1. K-Multiplier

As leveraged ETFs most often track some underlying index, they are set to replicate the daily
variance of that particular index with a certain multiplier. For example, ProShares Ultra
S&P500 (SS0), is leveraged to seek double the daily changes of underlying S&P500 index.
In this case, we say that the k-multiplier of SSO is 2. In the case of inverse ETFs, for example
ProShares UltraShort S&P500 (SDS), seeking to multiply daily changes to opposing direc-
tion, the multiplier is considered as -2. As with practically every leveraged ETF, the k-mul-
tiplier only represents the daily target variance in relation to its underlying index and does
not indicate anything about returns on periods any longer than that single day.

The empirical section of this thesis, as lot of previous studies of this topic is based on the
idea that a LETF could provide k-times returns on even longer than 1-day investment peri-
ods. If considering risk as daily volatility of a single ETF, its risk and return would always
match its non-leveraged equivalent on 1-day investment period, if we do not take account
on daily tracking errors. Tracking errors are shortly observed at the beginning of the
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empirical results of this thesis and based on that are assumed to be minimal. Cheng et al.
(2016) studied tracking errors of LETFs on oil sector and found out that generally tracking
errors are low and they correct themselves in matter of days. In the field of commodity-based
LETFs, Murphy et al. (2010) have also empirically tested that tracking errors on 1-day basis
are low, as 1-day returns did not statistically differ from expected 1-day returns. In this the-
sis, the expectation of k-times returns occurring on even longer than 1-day investment peri-
ods, providing risk and return in same relationship, is referred as naive expectation of k-

times returns.

2.2.2. K-times returns

Previous research has shown, that on a long-term, leveraged ETFs will not provide k-times
the profit, k being the multiplier of the tracked index. Based on Lauricella’s (2009) article,
it seems that especially in the early days of leveraged ETFs, there seemed to be lot of mis-
conception among the investors, regarding the presented multiplier. The article focuses on
theme of reading the fine print on investment products, but also Lu et al. (2012) agree, that
there is misperception among the investors about the long-term profits, referring to Lauri-

cella’s article as one evidence.

Still in 2014, 8 years after the launch of first leveraged ETFs, brokerages like Merrill Lynch
and Morgan Stanley refused their advisers to trade leveraged ETFs on their platforms, be-
cause of concerns that individual investors wouldn’t acknowledge the risks. Brad Stratton,
an independent advisor interviewed in the article states, that the way the multiplier affects
long-term returns is “still the biggest part the retail investor doesn’t understand”. (Lau 2014).
It seems that the index-multiplier presented in the name of the is not very clear among retail-
investors as they don’t seem to be aware that it only guarantees the corresponding multiply-

ing of daily, not long-term returns.

Lu et al. (2012) studied leveraged (and inverse) ETFs to find out, how they profit on differ-

ent, longer than 1-day holding periods. They chose 4 ETFs tracking major indices as
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benchmark funds, and for each of these funds, they tested the performance of a 2x-leveraged
and a -2x-inversed ETF. The results show that these ETFs leveraged to double (or inverse
double) the tracked index, could provide the double profit up to one month of holding period.
Although leveraged ETFs are set to reach the k-times returns only on a daily basis, the results
suggest that an investor is not restricted to day-trading and can expect descent k-times track-

ing even on longer periods.

In addition to empirical studies based on historical or simulated data, there are studies that
take on the risks and returns in theoretical way. Issues of the multiplier of leveraged ETF not
directly transferring to profits, nor losses, is studied by Jarrow (2010) and seemingly one of
the most cited articles in the field of LETFs, Cheng et al. (2009).

Zweig (2009) provides couple of examples, on how leveraged ETFs do not meet their k-
multiplier returns, neither on positive, nor on inverse side. They provide evidence from the
market, that on November 2008, there was a 17-day period, which during the Russell 1000
index had a notable decline of 25.6%. If referring to the common misconception of k-multi-
plier applying to any given period, Direxion Large Cap Bear 3X, an inverse fund tracking
the Russell 1000 index, should have risen 3-times the realized price change, 76.8%. How-
ever, during that time, the inverse LETF went up over 4-times the corresponding index,
109.2%.

Zweig (2009) provides also an opposing example to this. On October of that same year,
observing a 9-day period of trading, Chinese stock market fell a cumulative of 8%. If ob-
serving this situation with the misconception from previous example, a 2X inverse fund,
ProShares UltraShort FTSE/Xinhua China, should have provided a 16% profit, inverse-dou-
bling the 8% decline of the index. However, the realized profit of that LETF from the period
was negative, -21.6%. Interestingly, Bansal & Marshall (2015) found out on their simula-
tion-based research of 2x- and 3x-leveraged ETFs, that the tracking error of 3x-leveraged
ETFs on long investment periods may actually be favorable, meaning that they would actu-
ally provide more return than the naive expectation suggests. Based on the idea of overall
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economic growth on long-periods, and as seen in the data section of this thesis, this seems
to be entirely reasonable. Very long investment periods of 3 and 6 years are also positively
noticed by Sirticek et al. (2018), as they studied 2x- and 3x-leveraged ETFs on 1-, 3-, and 6-
year investment periods. Guedj et al. (2010) doubt investing on LETFs on any long periods,
as they find out that daily rebalancing causing shortfall leads to some LETF investors to lose

up to 3% of initial investment in just a few weeks.

These examples present, that although not effectively meeting k-times returns of the index,
LETFs can also perform better on longer periods, than the multiplier implies. The key to this
phenomenon is in volatility; LETF returns on long periods follow path-dependency. To bet-
ter understand this concept, we need to observe the nature of profits and leveraging of these

instruments.

2.2.3. Constant leverage trap and path-dependence

The nature of leveraged ETFs, and them not meeting the k-multiplier returns on longer pe-
riods, can be explained by observing the returns, their volatility and leveraging of these in-

struments.

As a concept, although having been around in the field of financial research before, the “con-
stant leverage trap” got popular when first leveraged ETFs were introduced. In summary,
the idea behind this concept is that maintaining a constant leverage ratio, by adjusting the
leverage of portfolio to a certain degree at the end of every trading day, will cause the returns

of assets to decay on a long investment period. (Yates 2007)

The problem of holding a constant leverage on a portfolio, applies the same way on lever-
aged ETFs. At the beginning of a trading day a portfolio, in this case LETF, holds equal
proportion of equity and debt. When market goes up, the portfolio holds more equity than

debt. If this is the case at the end of a trading day, the portfolio is rebalanced by buying more
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shares and vice versa. This daily rebalancing resembles a lot of “buy high-, sell low-strategy,
which seems to be a bad investing strategy. (Yates 2007). However, the reason for rebalanc-
ing of leveraged ETFs is not something that is done to maximize profits. The reason is purely
behind being able to meet the goal of following the daily variance of the underlying index,

with a certain multiplier.

Previous studies have suggested that the profits of LETFs are tied to path-dependence. Lie-
bowitz et al. (1999) define path-dependence generally as: “Where we go next depends not
only on where we are now, but also upon where we have been.” This seems to apply very
well to many financial contexts, at least on some level, as future, or even current state of
stocks or interest rates can hardly ever be estimated purely referring only to a certain equi-
librium, rather than historical data. As Liebowitz et al. (1999) state, path-dependence battles
against economic models that derive an equilibrium, as they do not take any historical infor-

mation of the subject in account.

This all comes together, explaining the k-multiplier not applying on longer than 1-day hold-
ing periods. Effects of constant leverage trap and path-dependence can be illustrated with an
example (Militaru et al. 2010) below (figure 1). These scenarios of three imaginary ETFs
(1%, 2x, and 3x) show how the returns of initial investment of 100 behaves within these
instruments, when for each step of time, the value of investment changes by 10 percentage

on either way.
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A 121
A1 110 | N 99
100
N 90 A 99
N 81
A 144
A1 120 | N 96
100
N 80 A 96
N 64
A 225
A1 150 | N 75
100
N 50 A 75
N 25

Figure 1: Binomial trees of 3 imaginary ETFs, after Militaru et al. (2010)

These trees of different scenarios with differently leveraged ETFs shows first the basic prin-
cipal of compounding returns. Going from point A to B, and back to A, with 10% relative
changes, will not return on the level we started off on t+2. When increasing daily variance,
by entering a position on more leveraged instruments, the median diverges further away from
the mean. The longer the holding period, and higher the leverage multiplier on the instru-
ment, the stronger the effect is. The average return of these three differently leveraged ETFs
on t+2 is the same, 100. However, as the multiplier rises, the median return decreases. We
can observe the scenarios and see, that with each of these instruments, only one of t+2 out-
comes end up higher than the average. As the leverage multiplier increases, the median of

t+2 scenarios decrease (99, 96, 75).

We can say, that compounding returns are rather lognormally, than normally distributed. As
we can see from the binomial trees, the average returns being higher than the median returns,
the distribution is positively skewed. Trainor et al. (2008) researched leveraged ETFs with a

Monte Carlo simulation model. They suggest that the lognormality of returns is a major



19

reason for LETFs not reaching the k-times returns. Impact of compounding returns and path-
dependence of LETF returns is also recognized by Avellaneda et al. (2010a), as they also
studied the problem of k-multiplied returns on long investment periods. Furthermore, con-
sidering the volatility of returns, Hunter et al. (2013) suggest that volatility has more negative
effect on inverse bear LETFs, than on positively leveraged LETFs. As well as several other
studies, Trainor et al. (2013) present the decaying effect of volatility on LETF returns, but
state that on times of low volatility, the decay could even be outweighed by significant trend.
In my opinion, this backs up the idea of path-dependence of the returns, and possibility to
gain good returns in low volatility environments. Lastly, Rompotis (2014) discusses lever-
aged and inverse leveraged ETFs in the light of previous studies and concludes that market
volatility is the most important risk to affect returns of leveraged ETFs. In addition to vola-
tility, also the length of the investment period is recognized as generally negative factor
affecting the LETFs ability to track its index. Loehr et al. (2013) compare investing in lev-
eraged ETFs to playing at a casino. The longer one would play (invest in LETFs), the more

the odds would move in favor of the house.

Some research suggest that there is a significant impact from trading and rebalancing activ-
ities of an LETF to volatility of the underlying index. Chen et al. (2012) support this idea as
they studied spillover and asymmetric-volatility effects of LETFs with EGARCH-M-ARMA
model. Similarly, Shum et al. (2016) found out in their empirical research that rebalancing
activities increased end-of-day volatility, while also suggesting that leveraged ETFs have
larger tracking errors during volatile periods. Although not directly related to empirical sec-
tion of this thesis, effects of rebalancing on volatility is important and popular subject among
research of leveraged ETFs. Similar findings in this context have been presented by Bai et
al. (2012), stating that act of LETF rebalancing significantly effects the price and increases
the volatility of underlying stocks. Interestingly, Trainor (2010) could not find LETF re-
balancing actions significantly affecting volatility of underlying S&P500 index, finding it

rather coincidental than systematic.

Investment strategies for leveraged ETF in attempt to overcome the volatility decay have

also been researched. For example, in the field of commodity LETFs, Guo et al. (2015) tested
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a common strategy where investor shorts a positive-inverse pair of LETFs. They found out
that in times of high volatility, this strategy profits on average, but the returns are prone to
suffer from periods of low volatility of the benchmark index. Hessel et al. (2018) came out
with similar results, as they agreed that the returns on strategy of shorting LETF-IETF pairs
Is not dependent on the direction of the underlying benchmark, but rather benefits from the
high volatility of underlying benchmark index. Co (2009) suggests that for long-investment
periods, using only LETFs to employ leverage is not necessary the best strategy. Barnhorst
et al. (2011) suggest that using exchange-traded notes ETNSs in combination with future con-
tracts or options would provide an alternative to employ leverage, but with lesser exposure
to volatility than when investing purely on LETFs.

Although stating that LETFs have high probability of getting close to k-times returns on
short investment periods with low volatility, Hill et al. (2009a) present a strategy to over-
come constant leverage trap, by rebalancing the LETF portfolios in attempt to get even closer
to k-times index returns. In addition, the strategy of rebalancing is considered to be most
beneficial in times of high volatility (Hill et al. 2009b). The issue of rebalancing is also
acknowledged by LETF providers, which have offered monthly leveraged funds (Trainor
2011)

Although lognormality and nature of continuous compounding suggest that on a long invest-
ment period the volatility would decay the returns, there is an opposing argument. As in the
example presented by Zweig (2009) and binomial tree presented after Militaru et al. (2010),
there is a way to make profit, and even beat the index over k-times, using leveraged ETFs.
As these examples and theory suggests, it would demand a highly positive trend, consecutive
days of gaining, with minimal volatility. This is why path-dependence and volatility are im-
portant concepts within LETFs, as we need to understand, that succeeding with them on a
long term, would require constant good performance. With precise timing and correct length
of holding period could provide good return on these instruments. To be more specific, in-
vestor should hit a holding period with a good ascending trend and minimal volatility.
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2.3. Mathematical interpretation of LETF returns

In the same article as mentioned earlier, in addition to testing long-term performance of
LETFs in an empirical way, Lu et al. (2012) provide a generally applicable model to express
the behavior of LETF returns on different time periods. This mathematical interpretation of
LETF returns explains, how longer holding periods should decrease the expected returns,
and increase deviation. It shows the behavior of returns on two different ETFs and a bench-
mark index: benchmark index (Rin®), 2x leveraged ETF (RwP) and -2x inverse ETF (Ru').
2.3.1. presents the original equations by Lu et al. (2012), and 2.3.2. presents my own idea of
how it adapts to 3x- and -3x-leveraged ETFs.

2.3.1. 2-day returns of leveraged ETFs

For these example ETFs, Rin represents a n-day cumulative return starting at date t, which
for the benchmark index and two ETFs can be represented as:

—rn-1 1
an = 1+ rtlil) -1 @

4 4;i=0

—rn-1 2
Rb, = 1+r%) -1 @

4 1;=0

—rn-1 3
Rén = 1+ rt1+1) -1 )

4 4;i=0

Returns of leveraged ETFs in relation to the benchmark index can be expressed by presenting
2-day LETF returns as a function of returns of the benchmark index. For a two-day period,
n being 2,
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RE=QQ+)A+r5)-1=rf+r5, +rfrf, (4)
R =Q@Q+2rB)Q+2rB ) —1= 218+ 2rE | + 4rfrE, (5)
Ri = (1 —2rP)(A —2rf) — 1= =2rf = 2rf + 4rfrf, (6)

Double and inverse double ETFs can be presented in terms of Ri2B:

R2, = 2RE + 2rfrE (7)

R, = —2R} + 6rfrf, (8)

These last two equations provide a mathematical explanation to the problem occurring from
the nature of compounding returns, when considering long-term returns of leveraged ETFs.
If these ETFs would provide double the cumulative returns in contrast to the benchmark
index, the equations would simply show as:

RP, = 2RE, 9)

RL, = 2R, (10)

The main thing to consider here is the additional cross-product of 2 and rw18, which devi-
ates the expected returns from the equations above. As we can see from equation 8, the
multiplier of the cross-product is even higher on the inverse ETF (6), than on the positively
leveraged ETF (2), on equation 7. In addition, the multiplier of cross-product grows drasti-
cally, when the k-multiplier of the instrument rises to higher levels. In the following sub-
chapter | have applied the Lu et al. (2012) equations of LETF returns to 3x leveraged and -

3x inverse ETFs.
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2.3.2. Application to 3x leveraged ETFs

Just as in previous chapter, let Rin represent a n-day cumulative return starting at date t. Now
let’s consider two additional ETFs, U with a positive leverage of 3x, and an inverse W, with
a multiplier of -3x. When applied to Lu et al. (2012) model:

n-—1 11
=[] a+o-1 (11)

i=0

n-—1 12
R =[] a+min-1 (12

i=0

Observing the 2-day cumulative returns:

RL=Q0Q+3rB)A+3rE ) —1=3rF+3rB, + ofrf, (13)

R}/g = (1 - 3T‘tB)(1 - STtB;_l) - 1 = —3T'tB - 37‘5_1 + 9T'tBTtBi|_1 (14)

And finally, in terms of RiB:

RY =3RE + 6rfrf, (15)

RY = —3RE + 1218r5, (16)

As we can see, there is dramatic increase in the multiplier of cross-product for both ETFs,
when the leverage-multiplier was increased. For the positively leveraged ETF, the change of
leveraging from 2 to 3 caused the cross-product multiplier to rise from 2 to 6 (equation 15).
The respective change of the negative multiplier on inverse ETF caused the cross-product

multiplier to change from 6 to 12 (equation 16). These equations would back up findings of
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previous studies like Lu et al. (2012) and Hunter et al. (2013), about volatility affecting in-

verse LETF more heavily than positively leveraged ETFs.

As the cross-product multiplier represents deviation from the naive expectation of k-multi-
plier returns on long investment periods, its dramatical increasing when leverage-multiplier
rises, is in great importance. Based on this mathematical interpretation, 3x-leveraged ETFs
are supposed to be even more prone to volatile markets, and therefore probably even worse

suitable for long-term investing, than 2x-leveraged ETFs.
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3. DATA

Dataset of this study consists of daily returns of 30 selected LETFs. this chapter presents the
selection criteria for the data and information about the selected data. In addition, compound-
ing returns through the 7-year period of data are calculated and plotted to assess the overall

performance of ETFs chosen for this study.

3.1. Datasets

For the empirical part of this research, a selection of leveraged and inverse ETFs is made, in
addition to their conventional equivalents, which serve as benchmarks. Because of LETFs
having been around for relatively short time, simulations based on the performance of un-
derlying index has often been used in previous studies (for example Jiang et al. (2017)), to
create a longer timeframe of data. This thesis however uses actual daily prices of the chosen
LETFs. The dataset includes a total 30 ETFs and the daily prices are exported from Yahoo!
Finance, using the daily adjusted closing prices. Count of different types of ETFs selected
for this thesis can be seen in the following table 1.

Table 1: Count of ETFs grouped by type

Positively Inverse Non-leveraged

leveraged | leveraged | (benchmark)
Equity 8 8 5
Fixed-Income 3 3 3

3.1.1. Selection of equity ETFs

Selecting the equity ETFs for the study focused on three main criteria: size, popularity and
availability. Size refers to the amount of ETF’s total assets. Size would directly imply pop-

ularity, but in this criteria popularity refers to the relevance of the underlying index.
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Considering the relevance and popularity of the underlying index, the available ETFs are
narrowed down to fulfill the third criteria, availability. Criteria of availability refers to choos-

ing the type of LETFs, that would also have an inverse pair available.

For some of the major indices like S&P500, and NASDAQ-100, both 2x and 3x leveraged
ETFs are included, besides their inverse pairs. All the available equity LETFs were observed
and chosen from a list consisting of 164 equity LETFs, from etfdb.com (ETFdb.com 2019b).
Although some of the largest equity LETFs by total assets were exchange-traded notes
(ETN), they were deliberately left out of the selection, to keep the variety of dataset as co-

herent as possible.

Observing the dataset, it has to be noticed that all of the selected leveraged and inverse ETFs
are issued and managed by two companies, ProShares and Direxion. This is not intentional,
and purely a result of making the selection using the three criteria defined. It should be noted
that these two providers are the clearly the largest providers of leveraged and inverse ETFs
as other providers seem to offer most of their leveraged vehicles as ETNs (ETFdb.com
2019b).

3.1.2. Selection of fixed-income ETFs

Three criteria of making the selection of equity ETFs could not be used with fixed-income
ETFs. Reason for that is simply the small variety of leveraged fixed-income ETFs in the
market. Although the count and variety of conventional fixed-income ETFs is quite large,
404 different products (ETFdb.com 2019c), the corresponding list for leveraged and inverse
fixed-income ETFs is minuscule, 11 entries (ETFdb.com 2019d). In addition to this list of
11 entries, other sources were observed, but no other ETFs than those listed on ETFdb.com

could be found.
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From these 11 available fixed-income LETFs, 6 were chosen in addition to 3 benchmark
fixed-income ETFs. Criteria for this selection was simply the availability of data in addition
to availability to the benchmarking conventional ETF. Conciseness of this list encourage to
research other sources for additional entries for the dataset, but suitable LETFs were no-
where to be found. There are few other fixed-income LETFs available, but the for the pur-
pose of this study they were not suitable as the problem arises with finding the benchmarking
conventional ETFs. For example, Direxion Daily 20-Year Treasury Bull 3X (TMF) tracks
NYSE 20 Year Plus Treasury Bond Index, with a multiplier of 3. If we were to benchmark
the particular LETF to the index, it could be chosen. However, as any conventional ETF
tracking that index does not seem to exist, the LETF needs to be dropped out, as there would

be no benchmark for it.

3.2. Equity ETFs

Following table presents the names, tickers, leverage-multipliers, benchmarks ands dates of
introduction for equity ETFs selected for this thesis.

Table 2: Set of equity ETFs

Name Ticker | Leverage [Benchmark|Date of Introduction
ProShares UltraPro QQQ TQQQ 3x QQQ 2/2010
ProShares Ultra QQQ QLb 2x QQQ 6/2006
ProShares UltraPro S&P500 UPRO 3x (A% 6/2009
ProShares Ultra S&P500 SSO 2x (A% 6/2006
ProShares UltraPro Financial Select Sector FINU 3x IYF 7/2012
ProShares Ultra Financials uUYG 2X IYF 1/2007
Direxion Daily Small Cap Bull 3X Shares TNA 3x IWM 11/2008
Direxion Daily Technology Bull 3X Shares TECL 3x XLK 12/2008
ProShares UltraPro Short QQQ sQQQ -3x QQQ 2/2010
ProShares UltraShort QQQ Qb -2X QQQ 7/2006
ProShares UltraPro Short S&P500 SPXU -3x (A% 6/2009
ProShares UltraShort S&P500 SDS -2X (A% 6/2006
Direxion Daily Technology Bear 3X Shares TECS -3x XLK 12/2008
ProShares UltraPro Short Financial Select Sector FINZ -3x IYF 7/2012
Direxion Daily Small Cap Bear 3X Shares TZA -3x IWM 11/2008
ProShares UltraShort Financials SKF -2X IYF 1/2007
Invesco QQQ Trust QQQ - - 3/1999
iShares Core S&P 500 ETF (A% - - 5/2000
iShares U.S. Financials ETF IYF - - 1/2007
iShares Russell 2000 ETF IWM - - 5/2000
Technology Select Sector SPDR Fund XLK - - 12/1998
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3.3. Fixed-income ETFs

Next table presents similar information of ETFs representing the fixed-income side, also

known as bond ETFs.

Table 3: Set of fixed-income ETFs

Name Ticker |Leverage |Benchmark|Date of Introduction
ProShares Ultra 20+ Year Treasury UBT 2X TLT 1/2010
ProShares Ultra 7-10 Year Treasury UsT 2X IEF 1/2010
ProShares Ultra High Yield uJB 2X HYG 4/2011
ProShares UltraShort 20+ Year Treasury TBT -2x TLT 4/2008
ProShares UltraShort 7-10 Year Treasury PST -2x IEF 4/2008
ProShares UltraPro Short 20+ Year Treasury TTT -3x TLT 3/2012
iShares 20+ Year Treasury Bond ETF TLT - - 7/2002
iShares 7-10 Year Treasury Bond ETF IEF - - 7/2002
iShares iBoxx $ High Yield Corporate Bond ETF HYG - - 4/2007

3.4. Timespan of the dataset

The dataset consists of 1760 trading days from 22 October 2012 to 21 October 2019. As the
selection of ETFs for this study were partly based on the availability of data, the timespan
of the study is defined so that there is equal amount of days for each of the ETFs. The latest
issued ETFs selected for this study are ProShares UltraPro Financial Select Sector (FINU)
3x-leveraged ETF and its inverse counterparty, ProShares UltraPro Short Financial Select
Sector (FINZ), which both were introduced July 2012. The introduction date of these instru-
ments limited the timespan to start earliest at July 2012. To get exactly 7 years of data, start
date is rolled few months forward to October 2012 from which it was possible to get the
exact 7 years. As presented in the methodology chapter, this dataset is used to construct

overlapping investment periods of different lengths throughout the 7-year timespan.
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3.5. Ultra-long-term returns of leveraged ETFs

As previous literature suggests, leveraged ETFs do not reach k-multiplied returns on longer
than 1-day basis. Concluding the theories in literature review, this is based on constant lev-
erage trap and the nature of compounding returns. The reason for these factors being prob-

lematic within leveraged ETFs, seems to be in the volatility and deviation of the returns.

The empirical section of the thesis focuses on providing empirical results of LETF returns
from the last 7 years, 10/2012 — 10/2019. The main focus is to test with different holding
periods, how well the selected leveraged and inverse ETFs could reach their k-multiplier
returns. Before that, in the next subchapters we will take a look on the overall performance
of selected ETFs during this period. At the same time, this observation and measurement of
performance, provides us an empirical result of how much an investor would have earned,
if they were to invest into these ETFs at the beginning of the timespan, and holding them
until the end of it. In other words, each of the graphs can be also interpreted as a 7-year ultra-
long investment period of ETFs presented in them.

For each ETF, compounding returns are calculated through the observing period, starting

from value of 1000. Return r for each day t is calculated by market prices p by:
7, =In (i) (17)

Leung et al. (2016, 7) present a general equation for calculating value of leveraged ETF

against its benchmark as:

= (18)
L,=Ly* 1_[(1 + BR;)
j=1
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, Where L denotes the value of LETF on day n, and j is the leverage-multiplier of that ETF,
Rj being the daily return of benchmark. Calculating values of ETFs and LETFs on any given
day t, the way the ETF portfolios are constructed in this thesis, can be expressed as:

(19)

t
v, =VO*1_[(1+r,-)
j=1

In the data chapter, value of 1000 is used as Vo when calculating the values of ETFs. 1000
denominates the value of investment at the beginning of the period. In the empirical sections
of methodology and results, Vo is defined as 1 for more sophisticated application to regres-

sion analyses.

3.5.1. Equity ETFs

In this subchapter we will take a look on the overall performance of selected equity ETFs
during the observing period of 10/2012 — 10/2019. Observations and graphs are grouped
based on their benchmark ETFs. In other words, we will observe one benchmark ETF, and
all related LETFs at a time. First, let’s take a look on the ETFs tracking S&P500 index:
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Historical Performance of ETFs Tracking S&P 500 Index (t, = 1000)

9000

8000

7000

6000

5000

4000

3000

2000

1000

N N nm n 0N ¢ < < NN n o n W wW VWO NN NN OO0 0 O O ]
=== ===l == =R = = = = = = = = = = = = = = = = = I = I =
O O O O O O 0O O O O O O O O O O O O O O O O o o o o o o o
N N N A AN NN AN AN AN AN AN AN AN AN NN AN NN NN NN ANANANASAN
e . T T e e e e e e e e e e e e e = s e
O o g N O d N O d g N O d I N O d N O d N O d g s O
-+ O O O+ OO0 0o+ 00 o+ o0 o o 4 o o o +d o o o+ o o o -
e |\/\/ e—SDS SSO UPRQO e SPXU

Figure 2: Historical performance of S&P500 ETFs

The graph represents the historical performance of the conventional ETF (IVV) tracking the

underlying index S&P500, in addition to 2 positively leveraged and 2 inverse ETFs.

All ETFs start from point 1000. Only by a quick glance, we can already see that the inverse
ETFs (SDS & SPXU) begin an unrecoverable downward path at the very beginning phases
of the observed timespan. When considering this timespan, starting from 10/2012, we can
clearly see that for this timespan, the positively leveraged ETFs have actually performed
incredibly well. Starting from point 1000, on 22 October 2012, the underlying ETF “IVV?”,
has reached a value of 2416.88 on 21 October 2019. We can say that the overall performance
of this benchmark ETF has been good.

Previous literature suggests that the returns of leveraged ETFs are prone to volatility on long

investment periods. Figure 2 above practically represents a 7-year holding period.
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Interestingly enough, even a simple graphical observation of this period shows that the
ProShares’ 2x-leveraged “SSO” has performed even better than the benchmark ETF, rising
from 1000 points to 4471.26.

“UPRO?”, also a ProShares’ product, represents the 3x-leveraged ETF. It is clearly visible
that it has performed the best of the observed ETFs. The starting amount of 1000 would have
increased to 7774.77 by the end of the period observed. Again, the performance on this par-
ticular 7-year period is exceptional, as this 3x-leveraged ETF would have actually gained

more than the k-multiplier times the benchmark index.

Only getting into graphical observation of this time period, some questions and implication
rise. Based on the graph, it seems that for the observed period, increasing leverage would
provide better returns. However, the effects of volatility among the leveraged ETFs is also
visible in the graph. Between 07/2015 and 10/2015, there is a just noticeable, sheer drop on
the benchmark ETF “IVV”. The drop is however much more dramatic for the leveraged
ETFs. This emphasizes around 12/2018, where again, just barely visible but slightly larger
drop occurs, the effects on 2x- and even more on 3x-leveraged ETFs are massive. From the
end of September 2018 to end of December, just in 3 months, the return index falls from

7943.12 to 3949.00, before starting to increase again.

These visible spikes remind of the danger of volatility and leverage on not so bullish periods.
The exceptional performance of these two positively leveraged ETFs, and its divergence of
the consensus from previous literature, give a good motivation and reason to test for different
holding periods during this timespan. Before that, let’s observe the performance of rest of
the selected ETFs. Below is presented the performance of selected ETFs following
NASDAQ-100 index.
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Historical Performance of ETFs Tracking NASDAQ-100 Index (t,= 1000)
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Figure 3: Historical performance of NASDAQ-100 ETFs

The graph of NASDAQ-100 LETFs looks very similar to the corresponding graph of
S&P500 LETFs and it seems like these two indices are very heavily correlated. Keeping in
mind the great performance of positively leveraged ETFs tracking S&P500 index, the cor-
responding 2x- and 3x-leveraged ETFs of NASDAQ-100 have performed even better, when
considering solely this 7-year period. For benchmark ETF “QQQ”, and its 2x- 3x-leveraged
companions, ProShares’ “QLD” and “TQQQ”, the 1000-points based portfolios at the end
of observing period are at 3163.98, 7283.75 and 14607.59 respectively. In addition to these
great returns, both of positively leveraged indices, “QLD” and “TQQQ”, have easily ex-
ceeded their naive expectations of k-multiplier returns. Following graph presents the third
set of equity ETFs, those which track the Dow Jones U.S. Financials Index.
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Historical Performance of ETFs Tracking Dow Jones U.S. Financials
Index (t,= 1000)
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Figure 4: Historical performance of Dow Jones U.S. Financials ETFs

As with previously observed ETFs, price of the benchmark “IYF” has been in an overall
positive trend throughout the 7-year period. Again, higher leverage would have provided
better returns. Compared to the exceptional exceeding of k-multiplier returns within ETFs
tracking NASDAQ-100, the Dow Jones Financials -tracking ETFs could not make as dra-
matic exceeding of k-multiplier returns at the end of the period. As benchmark ETF “IYF”
and its leveraged companions, ProShares’ “UYG” and “FINU” ended up at 2452.97, 4669.80
and 6973.66 respectively, they were able to exceed the naive expectations of k-times returns
as seen in table 4. However, these observations have to be considered with caution, as they
only represent the returns at a single point in time and will not give reliable picture of the
whole timespan. Performance of these ETFs on different holding periods, and ability to reach

naive expectations, are presented further in this thesis.
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Of the three sets of ETFs presented above, each track some of the largest indices in the U.S.
market. It needs to be noted here, that these three sets of ETFs were the only ones, where
both 2x- and 3x-leveraged ETFs on both positive and inverse side were available. In addition
to these sets, ETFs with a pair of either 2x- or 3x-leveraged ETFs are included. The following
single LETFs are either 2x- or 3x-leveraged, but they are accompanied with a corresponding
inverse ETF and the benchmark ETF. Again, the criteria for selecting these ETFs is pre-
sented in the “Data”-chapter of this thesis. Next, let’s observe iShares Russell 2000 ETF

“IWM?”, and corresponding 3x positive and inverse LETFs.

Historical Performance of ETFs Tracking Russell 2000 Index (t, = 1000)
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Figure 5: Historical performance of Russell 2000 ETFs

Again, on this ultra-long 7-year period, the positively leveraged ETF beats the benchmark
ETF. Slightly after 01/2016 we can see a point where the lines almost meet, but after all the

leveraged ETF stays above the benchmark. When observing the k-multiplier return at the
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end of this 7-year period, the 3x-leveraged ETF finishes at 4159.14, benchmark being at
2080.41. The return of leveraged “TNA” is around 2.9-times the returns of benchmark
“IWM?”, rather than the naive expectation of tripling the return. But as discussed previously,
this is only on the assumption of 7-year holding period. As we can see, the value of portfolio
of “TNA” has been nearly 3-times compared to value of “IWM” slightly after 07/2018.

Next set of ETFs track Technology Select Sector Index, which consists of large and mid-cap
technology stocks. As with Russell 2000 index, one 3x-leveraged and one -3x inverse ETF

are included in addition to the benchmark ETF.

Historical Performance of ETFs Tracking Technology Select Sector Index
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Figure 6: Historical performance of Technology Select Sector ETFs
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The performance is very similar to the others observed above. Again, the 3x-leveraged ETF
beats the conventional benchmark by ease. By the end of the 7-year period, investing in the
3X-leveraged “TECL” in the 2012 would have provided over 4 times the returns than when

investing in the non-leveraged “XLK”.

Itis clear that there is a common trend among the sets of ETFs observed above. For the ultra-
long period, the ETFs with more leverage would always beat the ETFs with lesser or no
leverage. It seems like these 7 year would have been exceptionally good to long-term invest
on leveraged ETFs. This is interesting, since no previous literature would suggest investment
periods this long, in context of leveraged ETFs. It is now very important to test different
investment periods from this timespan to find the desirable holding periods, where one

would earn k-multiplier returns with statistical reliability.

The other major trend, repeatedly observable in the presented ETFs, is the performance of
inverse ETFs. Every one of the observed inverse ETFs, start to decline towards zero, and
could provide absolutely no returns on investment period this long. It is totally reasonable
and expected, as the underlying index on each set has been in upward trend. Also, when
considering from the point of long-term investing, it is often justified by overall economic
growth and how that would positively affect stock prices. Going short on any index, espe-
cially a large market index for a long investment period would make no sense from this point

of view.

3.5.2. Fixed-income ETFs

This subchapter focuses on observing performance of leveraged fixed-income ETFs in con-
trast to their non-leveraged counterparties. The 7-year performance is measured and ob-
served the same way as with equity ETFs. First, we will observe ETFs tracking Barclays

Capital U.S. 20+ Year Treasury Bond Index.
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Treasury indices, like Barclays Capital U.S. 20+ Year Treasury Bond Index, track the per-
formance of corresponding securities. For example, this particular index is tied to track the
performance of United States Treasury securities that have a remaining maturity of at least
20 years (ETFdb.com 2019¢). Let’s first observe the non-leveraged ETF tracking this index,
iShares “TLT”, to get a better understanding of overall performance of the underlying index

during the 7-year observation period.

Price of iShares 20+ Year Treasury Bond ETF (TLT)
10/2012 - 10/2019 in USD
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Figure 7: iShares 20+ Year Treasury Bond ETF

By graphical observation, we can say that despite alternating upward and downward trends,
price of “TLT” is higher at the end of the period than at the beginning. During this 7-year
period the price of “TLT” has risen from 100.60 to 138.29 USD. Now, let’s consider the
daily returns and add in the leveraged companions, just like is done with the equity ETFs in

previous subchapter.
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Historical Performance of ETFs Tracking U.S. Treasury +20 Bond Index
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Figure 8: Historical performance of U.S Treasury +20 Bond Index ETFs

In the graph above, benchmark ETF “TLT” is accompanied with 2x-leveraged “UBT”, and
-2x and -3x inverse ETFs “TBT” and “TTT”. The alternating trends visible in price graph
above now reflect to this graph with leveraged products. The overall look of the graph is a

lot different compared to ones with equity ETFs.

First off, we can see that the leveraged ETF “UBT” is not able to greatly divert from the
benchmark ETF, as which was the case within all observed equity LETFs. Again, based on
the previous literature, this is most likely because of larger amount of volatility throughout
this period. Naive expectations of k-multiplier returns are not reached as benchmark “TLT”
and 2x-leveraged “UBT” end up in points 1374.62 and 1550.73 respectively. However, after
this ultra-long investment period of 7 years, leveraged ETF performed better than the bench-
mark.
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Another notable difference compared to equity ETFs, is the performance of inverse ETFs.
On all cases of equity ETFs, inverse ETFs could provide absolutely no yield on the ultra-
long period. As we can see from figure 8, even over 1 year after initial investment, both -2x
and -3x inverse ETFs are profitable. When considering the whole 7-year period, the returns
start to diminish towards zero, just like with inverse equity ETFs.

However, the decline is not as dramatic as with equity ETFs. The reason for this is likely
behind the performance of underlying index, as there was very positive trend among the
equity indices, and this fixed-income treasury index had more downward trends also. Next,
let’s observe the performance of ETFs, which track a very similar index to the previous one.
Instead of 20+ year treasury bonds, the following index tracks treasury bonds with maturities
within 7 to 10 years. Conventional ETF and both 2x and -2x leveraged ETFs tracking this

index are presented in the following graph.

Historical Performance of ETFs Tracking U.S. Treasury 7-10 Bond Index
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Figure 9: Historical performance of U.S. Treasury 7-10 Bond Index ETFs
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Although missing a -3x inverse ETF like the 20+ index has, the overall shape of the graph
is very similar, as the trends are visible in both graphs. Overall performance of the conven-
tional ETF “IEF” is not as good as “TLT”, which tracks the performance of 20+ year ma-
turity bonds. This is reasonable as bonds with longer maturity are supposed to provide more

return, as they also hold more risk.

Findings from this graph are no different from the previous ones as the leveraged ETF is
able to outperform the benchmark ETF at the ultra-long period. However, unlike with equity
ETFs, among these fixed-income ETFs we can see several occasions of benchmark and lev-
eraged ETF overlapping each other. This supports the idea, that when testing with different
holding-periods throughout the timespan, the leveraged ETF may not actually be able to

constantly outperform the benchmark.

Lastly is presented iShares iBoxx $ High Yield Corporate Bond ETF (HYG), and a 2x-lev-
eraged ETF “UJB”, which both track iBoxx $ Liquid High Yield Index. As the name sug-
gests, this index consists of liquid high yield corporate bonds for sale in the United States
(ETFdb.com 2019f). “UJB” was the only leveraged ETF tracking an index consisting of
corporate bonds, and unfortunately there was no inverse pair available. However, we can

still study the performance between the 2x-leveraged and benchmark ETF.
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Historical Performance of ETFs Tracking U.S. High Yield Corporate Bond
Index (t, = 1000)
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Figure 10: Historical performance of U.S. High Yield Corporate Bond Index ETFs

Even the high yield bond index “HYG” and its leveraged companion “UJB” have both been
profitable on the ultra-long period. At the end of the period, non-leveraged “HYG” is at
1367.55, and leveraged “UJB” at 1688.65 points.

3.5.3. Summary of findings

When considering the previous studies of long-term performance of leveraged ETFs, the 7-
year performance seen in this chapter is rather surprising. Performance of 8 benchmark in-
dices were measured in addition to 11 positively leveraged and 11 inversely leveraged ETFs.
Findings from this particular 7-year ultra-long period are clear: All of the leveraged ETFs
and none of the inverse ETFs were able to beat the benchmarking ETFs. Below is presented

summarized table of performance during the ultra-long period.



Table 4: Summary of 7-year performance

. Benchmark LETF L
Type Leverage |Ticker Multiplier | Exceeded
Return Return
Equity 3x TQQQ 2163,98 13697,6 | 6,329814 1
Equity 3x UPRO 1416,88 6774,77 | 4,781471 1
Equity 3x FINU 1452,97 5973,65 | 4,111337 1
Equity 3x TNA 1080,41 3159,14 | 2,92402 0
Equity 3x TECL 2123,21 12510,3 | 5,892182 1
Equity 2x QLD 2163,98 6283,75 | 2,903793 1
Equity 2% SSO 1416,88 3471,27 | 2,449939 1
Equity 2x uYG 1452,97 3669,8 | 2,525723 1
Equity (i) -3x sQQQ 2163,98 -988,12 | -0,45662 0
Equity (i) -3x SPXU 1416,88 -958,31 | -0,67635 0
Equity (i) -3x FINZ 1452,97 -976,07 | -0,67178 0
Equity (i) -3x TZA 1080,41 -963,95 | -0,89221 0
Equity (i) -3x TECS 2123,21 -988,65 | -0,46564 0
Equity (i) -2X Qib 2163,98 -937,8 | -0,43337 0
Equity (i) -2X SDS 1416,88 -864,92 | -0,61044 0
Equity (i) -2X SKF 1452,97 -891,35 | -0,61347 0
Fixed-Income |2x UBT 374,62 550,73 | 1,470103 0
Fixed-Income  [2x UsT 195,34 262,38 | 1,343196 0
Fixed-Income  [2x uJB 367,55 688,65 | 1,873623 0
Fixed-Income (i) |-3x TTT 374,62 -774,51 | -2,06746 0
Fixed-Income (i) |-2x TBT 374,62 -591,83 | -1,57981 0
Fixed-Income (i) |-2x PST 195,34 -320,56 | -1,64104 0

43

On table 4 is presented the returns of each leveraged and inverse ETF, their benchmark re-

turns, and the ratio between these two. In the last column is presented a binomial, telling us

whether the particular LETF has exceeded its benchmark returns multiplied by the leverage-

multiplier. In other words, it is telling us, if the naive expectation of k-times returns on this

particular 7-year period is exceeded. On the table 5 below, observed LETFs are divided in

four groups. This table tells us the percentage of ETFs on that group that were able to beat

the benchmark by the k-multiplier.
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Table 5: Fraction of LETFs reaching 7-year multiplier by groups

Leveraged|Inverse
Equity 0,875 0
Fixed-income 0 0

7 out of 8, or 87,5% of positively leveraged equity ETFs were able to beat the multiplier on

this period. Out of the four groups, these were the only type of LETFs to reach it.

As stated before, no conclusions can be done from these measurements because of the pos-
sibility that this is only a single 1760-day period, that has been applied to different products.
On their own, findings about performance of LETFs during this period are however unex-
pected, when considering the previous literature and the consensus of leveraged ETFs not
being suitable for long-term investments. These observations of data suggest that there may
be some possibilities to use leveraged ETFs for long period investing purposes. Bilello
(2018) observed 3x long “TQQQ” against its benchmark “QQQ”, discussing the negative
effects of volatility decay, but also noticing the tremendous gains that would have occurred
if one had bought and held 3x-leveraged “TQQQ” for 9 years before 2018.

In overall, the purpose of this chapter was to give a good view of the data used in this study
and strengthen the research gap and need to empirically revise previous literature of the sub-
ject. By only observing the data as a 7-year investment period, we would run to statistically
invalid results, as a single holding period would be considered as biased. To tackle the issue
of biased timespan, I’'m conducting a test of different holding periods throughout this 1760-

day set to see, whether there are suitable long-term holding periods for these instruments.



45

4. METHODOLOGY

In this chapter is presented the methodology for testing the LETF performance on different
timespans. Ordinary Least Squares (OLS) -method of regression analysis is used to estimate
the k-multiplier performance of subject LETFs against their benchmarks, on various
timespans. Further, t-tests and correlation analyses are done to get more insight and under-
standing of the results.

4.1. Choosing the methodology

When going through previous literature and research of the subject, it turned out that Lu et
al. (2012) provide a very applicable framework for the empirical section of this thesis. First
of all, when considering the most suitable way to measure long-term performance, | had a
very similar idea of rolling the investment period through the timespan of the data, which
will be presented further in this chapter. When going through previous empirical studies of
the subject, | found out about Lu et al. (2012) methodology of measuring long-term perfor-
mance and found it very applicable on this study also. The selection of using regression
analysis methodology was further reinforced by other studies, as seen in the 4.2.

Using this type of methodology seems reasonable. First of all, Lu et al. (2012) present a
general formula of 2-day returns of 2x-leveraged and inverse ETFs. As | applied the equa-
tions to theoretical 3x-leveraged and inverse ETFs in chapter 2.3.2., we could see that in-
creasing leverage should distance the expected 2-day return further away from the naive
expectation of k-multiplier returns. This creates a research gap to empirically test with 3x-

leveraged ETFs also, as these were not included in the original study.

In their original dataset, Lu et al. (2012) have included 4 leveraged (2x) ETFs, 4 inverse (-
2x) ETFs and 4 benchmarking indices. Dataset of this study is a lot different: in addition to

adding 3x-leveraged and -3x-inverse ETFs, | have also included fixed-income ETFs into the



46

study. It also has to be noted, that in the original study, the actual indices were used as
benchmark. This study uses the conventional non-leveraged ETFs, as the focus is on com-
paring actual investment products to each other. From the point of suitability of the method-
ology, this should make absolutely no concerns. Tracking error of the benchmarks, in other
words, the ETFs not being able to strictly follow its underlying index, is not a problem in
this context, performance of leveraged ETFs is not compared to their benchmarking index.
The focus is on researching the differences between the leveraged ETFs and non-leveraged
ETFs tracking the same indices, and research and comparison being done between these
subjects, it does not matter what happens in the underlying index, related to the benchmark
ETFs.

In addition to studying wider set of leveraged ETFs, the data within the timespan is very
different. As we will see from the next chapters, the overall performance of each of the
conventional benchmark ETFs selected for this study, has been good during this period. This
is emphasized more within equity ETFs, which have been following a very positive trend
during these 7 years of observation. All the tests presented in the following subchapters are
done using Real Statistics Add-In for Excel (2019), which provided all the functions needed

for the tests conducted in this thesis.

4.2. Modeling k-times returns

For each timespan of 3-days, 1-month, 3-month, 1-year and 2-years, the performances of
each leveraged and inversed ETFs are regressed against the performances of their benchmark
portfolios. Rolling start-date performances are calculated by using overlapping data. The
start date is rolled forward day-by-day to calculate historical performance for the given pe-
riod.

Univariate or single variable version of regression model is used in this thesis. This is be-
cause of | am explaining the performance of leveraged ETFs solely with the performance of

its benchmark ETF. When considering only these two portfolios and their relation to each
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other, there is no need for additional variables, as the interest is only in finding out, how the

benchmark explains the observed LETF.

The following formula presents the regression used to estimate constant o and slope . Var-
iable R. represents the performance of leveraged ETF, while variable Rg represents the per-

formance of underlying benchmark ETF, during that same investment period.
RL =0(+,3RB+et (20)

By leaving out the constant term «, we could assess the k-multiplied returns of observed
investment periods. The estimated f would then represent the assumed multiplier of the
benchmarking ETF in relation to the leveraged ETF. However, when conducting regression
analyses, it came out that in addition to  the constant term « is also an interesting factor in
this study, in the context of theory behind long-term performance of LETFs, as we will see
in the results.

Charupat et al. (2014) present similar formula which is traditionally used in several studies
in the field of ETFs and leveraged ETFs. In the context of conventional ETFs, it is often
used to measure tracking error between the ETF and its underlying index. Previous studies
suggest, that it is also applicable to measuring performance of leveraged ETFs, where track-
ing error is considered to be the inability to match the k-times returns between the underlying
benchmark ETF and the leveraged ETF: in addition to their own previous article of The
pricing and performance of leveraged exchange-traded funds (Charupat et al. 2010), similar
approach is used in Lu et al. (2012) and Shum et al. (2012), which both focus on measuring
LETF performance. Charupat et al. (2014) present the equation as:

N (21)
Teeen = A+ b * 1_[(1 +igyjorerj) — 1| + e
j=1
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Comparing to the simplified equation 20, we can see that the part of the equation inside
brackets on equation 21, equals the Rg in the first equation (20). Although Charupat et al.
(2014) define r in the formula as return based on the net asset value (NAV) of the ETFs, the
formula can equally be applied to calculate performance by daily prices also, as is done in
this thesis.

Charupat et al. (2014) also present some criticism towards this classic model of measuring
tracking error, since it is difficult to interpret from the results, as the coefficients of alpha
and beta cannot really answer why they deviate from their expected values of 0 and k. The
model is however well suitable to make comparative analysis between the test subjects. The
main thing considered here, is an attempt to find out the lengths of investment periods, where
investor can reliably assume that the leveraged ETF will provide k-multiplied returns. When
the linear relationship between returns of a LETF and its underlying benchmark ETF break,

the returns will not be reliably k-multiplied.

Equation 21 is used for the regression analyses in the empirical section of this thesis. As
previous studies of LETF performance suggest, using overlapping data is often problematic
because of possible heteroscedasticity and autocorrelation. Newey-West standard errors
(Newey et al. 1987) are used to partly overcome these problems and get more reliable stand-
ard errors. Although having received criticism (Harri et al. 1998), it is still common way to

handle standard errors when using overlapping data.

Issues of heteroscedasticity and autocorrelation violates the Gauss-Markov theorem of
“BLUE”-assumptions of ordinary least squares regression analysis, not providing the “Best
Linear Unbiased Estimators”. Despite this, as mentioned, similar datasets have been studied
previously with regression analyses similar to 21. As we will see in the following chapters,
the focus is on the timeframe where the expected k-slope linear relationship between the
LETF and benchmark ETF breaks. Although the estimators not being precise, their magni-

tude is reliably observable.
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As every single combination of a leveraged ETF and a timeframe needs a separate regres-
sions analysis to be done, the ETFs related to the Russell 2000 - and Technology Select
Sector Index are scrapped at this point. In addition to reducing the large amount of regression
analyses needed, it is reasonable because of the very similar performance among all the cho-
sen leveraged equity ETFs. Also, now all the benchmark equity ETFs have equally every
type of leveraged and inverse (2x, 3X, -2X, -3x) available. The high yield fixed-income ETF

is also left out at this point to get a good set of reasonably comparable sets of ETFs.

4.3. Risk-adjusted returns — T-test and Spearman Rank Correlation

This subchapter presents the additional methodology of testing the hypothesis of risk-ad-
justed returns — how the ratio of risk and return is supposed to be equal between leveraged
and non-leveraged ETFs, as presented in the null-hypothesis. This can be concerned rather
additional and notably different approach to the risk-return ratio than measuring k-multiplied
returns. Methodology of calculating the risk-adjusted returns, as well as testing the statistical
difference of those returns between leveraged and conventional ETFs is presented here.

Sharpe ratio is well-known meter for risk-adjusted returns. In equation of Sharpe ratio, ex-
cess return of an instrument over a risk-free rate is divided by volatility of that investment
(Sharpe 1966). This equation returns a ratio, which is comparable between investments.
Based on Sharpe ratio, historical volatility is used to measure risk of the investments, and
the risk-free ratio is left out of the equation as I did not find a need to calculate the actual
Sharpe ratios for comparison, and only wanted to adjust the returns with historical volatility.
This keeps the comparison between LETFs in line with the regression analyses, which also
did not take account on risk-free rate. Historical volatility is calculated by taking standard
deviations of the daily returns for the observed period:

SN (1, — )2 (22)

N-1
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Cumulative returns, are then divided by the standard deviation from that specific timeframe,
leading to a value of risk-adjusted returns. Based on the null-hypothesis, risk-adjusted re-
turns between leveraged ETFs and their non-leveraged benchmarks should be equal. Statis-

tical difference between these groups is tested with t-tests.

As we will see in the results, there was an additional interest to test the effects of the volatility
on abnormal risk-adjusted returns of leveraged ETFs. In this methodology, abnormal risk-
adjusted returns are considered as the deflection of a LETF’s risk-adjusted returns from its
benchmark ETF’s risk-adjusted returns, on a given period. Effect of volatility to the abnor-
mal returns of leveraged ETFs is tested with Spearman Rank Correlation. From the previous
literature, it should be expected that the volatility would have definitely a negative effect to

abnormal returns of leveraged ETFs.
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5. RESULTS

This chapter presents the results of this thesis. First, results of the regression analyses con-
ducted in attempt to find out adequate investment periods for leveraged ETFs are presented.
After that, there is an additional methodology of t-testing, to further study the risk-adjusted
returns. Lastly, effects of volatility on the abnormal returns of leveraged ETFs presented by
previous literature are empirically tested.

5.1. Performance of leveraged ETFs against benchmarks

Following subchapters contain the main methodology and core of the empirical side of this
thesis. Regression analyses are done to find out investment periods, where investor can

safely assume that their investments would provide k-times returns.

Let’s start by graphically observing the performance of LETFs on 1-day investment period.
In the figures below, returns of leveraged ETFs are plotted against returns of the benchmark-
ing conventional ETFs. Below is presented 1-day returns of these instruments. The purpose
of this is to evaluate whether there is significant tracking error between the leveraged instru-
ment and the benchmark. As discussed before, LETFs being constructed to track daily
changes of the underlying index with a certain multiplier, there should not be significant
tracking error on 1-day basis. Below, in figure 11 is presented graphs of 1-day returns of

leveraged and inverse ETFs of S&P500-index, plotted against their benchmarks.
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Figure 11: 1-day tracking errors of S&P500 ETFs

As we can see from the graph, the lines are straight, and we can assume a linear relationship
between these points. Also, we can see that the lines pass both axis at around point 0. Con-
sidering this from the point of regression analysis presented in the methodology chapter, the
intercept o would be 0, and the  would represent the slope of the graphs. For example, let’s
regress the “UPRQO” against “IVV” as presented in the methodology. Following results oc-

cur:

Table 6: Regression results of 1-day tracking error of "UPRQ" against its benchmark

R Square 0,997645403

Coefficient  Standard Error  tStat P-value  Lower 95%  Upper 95%
Intercept -0,000129439 2,82926E-05 -4,575 5,1E-06 -0,000184929 -7,3948E-05
Variable X1 2,980975398 0,003454958 862,811 0 2,974199137 2,987751658

On table 6, the intercept « is very close to zero and “Variable X 17, which in this case is the

beta, is 2.981, which is very close to the expected 3. Based on this regression, we can say
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that “UPRO” is able to track 3-times the non-leveraged ETF on daily basis, as it is supposed

to.

This regression analysis shows us, how the leveraged ETFs should perform also on longer
timeframes, if we were to rely on the naive expectation of k-multiplied returns. On any given
holding period, the beta would match the leverage-multiplier of that particular instrument.
In addition to that, we would also assume the intercept, constant term o being zero. Any
deviation from zero would suggest, that when the return of benchmark ETF on observed
period is 0, the return of corresponding leveraged ETF would be something else than 0. This
Is why not only g, but also « is interesting in this concept, and there seems to be no reason
to leave it out of the analysis at this point, unlike is done in some previous studies. To ease
comparison on longer investment periods in the following subchapter, below is presented 1-

day tracking errors on LETFs tied to Barclays U.S. 20+ Year Treasury Bond Index:

1-Day TTT - TLT returns 1-Day TBT - TLT returns
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Figure 12: 1-day tracking errors of Barclays U.S. 20+ Year Treasury Bond ETFs
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Again, tracking error seems to be reasonable. On the 2x-leveraged ETF “UBT” there seems
to be more deviance on daily basis. However, considering a regression line through the ob-
servation, we can assume rather small tracking error, where alpha and beta would be 0 and

2, respectively.

5.2. Long-term performance — Graphical analysis

As presented in 5.1., tracking errors within LETFs on 1-day basis are expected to be minimal.
In the following subchapters, the same analysis is applied to longer holding periods. From
this on, tracking error is considered as the LETF’s inability to track its underlying conven-
tional ETF on a given investment period. This way, the ability to gain k-times returns can be

analyzed.

5.2.1. 3-day performance

Below is presented graphs of the returns of leveraged ETFs against their benchmark-returns
on 3-day investment period. Overlapping data is used throughout these observations. To
conserve space and for easier reading, only graphs from one set of equity-ETFs (S&P500)
and fixed-income ETFs (Barclays U.S. 20+ Year Treasury Bond Index) are presented. After
graphical observation, assumptions about performance can be made, and then further tested

with regression analysis.
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Figure 13: 3-day returns of S&P500 ETFs

The graph above presents the 3-day performance of benchmark index, S&P500-tracking

“IVV”, against the 4 chosen LETFs, (3x, 2x, -3x, -2x). Comparing to the 1-day returns,

graphics look very similar. From the graph, we can assume very little tracking error, which

would mean that on 3-day period, k-times returns would be achieved. This is because of the

line crossing the axis close to O (intercept alpha) and the slope being close to 2, 3, -2 or -3

(coefficient of beta), depending on the LETF considered. Next graph is an example from the

side of fixed-income LETFs:
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Figure 14: 3-day returns of Barclays U.S. 20+ Year Treasury Bond ETFs

The graph represents the three selected ETFs following the Barclays U.S. 20+ Year Treasury
Bond Index. To recap, “TTT” is the 3-times inverse (-3x) ETF, “UBT” and “TBT” being the
2x and -2x leveraged ETFs, respectively. Results are very similar to ones within S&P500
index. Interestingly, compared to the 1-day performance, the deviation seems to get smaller

on all of the three instruments.

5.2.2. 21-day performance

Now the investment period is increased to a 1-month, or 21-day long period. As discussed
in previous chapters, 1-month period is considered to be a reliable period to achieve k-times
returns. To keep the comparison between timeframes reliable, the observations are pro-
ceeded using the same two sets of leveraged ETFs as previously. Below is presented the
S&P500-related ETFs on 1-month period.
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Figure 15: 21-day returns of S&P500 ETFs

As we can see from the graphs, the returns are beginning to form into a rather convex shape,

especially in the case of inverse “SPXU” and “SDS” ETFs. Same trend applies to the inverse

ETFs on fixed-income side:
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Figure 16: 21-day returns of Barclays U.S. 20+ Year Treasury Bond ETFs

Now, let’s consider what the observed convexity would imply from the point of returns.
Considering a regression line with expected returns (alpha=0, beta=k), points above the line
would imply abnormally high returns, while points under the regression line would imply
abnormally low returns. For example, the shape of 21-Day TTT — TLT returns seems to turn
into a convex curve, which would imply abnormally high profits on the left tail of the curve,

while also providing lower than expected losses on the right tail of the curve.

However, a major thing to consider here is the points between these tails. It is possible, that
although tails implying abnormally good performance, the majority of observation points
may actually be under the regression line, based on the convex shape of the curve.

5.2.3. 1-year and longer performance

Referring to previously presented literature of LETF performance, 1-year holding period for
leveraged ETFs is often considered long. This is now the first of 3 long investment periods
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observed in this thesis. Below is presented 1-year, or 252-day performance of S&P500

LETFs.
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Figure 17: 252-day returns of S&P500 ETFs

The convexity seems to amplify, as the investment period gets longer. The same applies to

fixed-income ETFs, as seen below.
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Figure 18: 252-day returns of Barclays U.S. 20+ Year Treasury Bond ETFs

Especially the returns of inverse ETFs in both categories seem to start deviating a lot from
the expected regression line. Next, let’s observe 5-year, 1260-day returns of these instru-

ments.
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Figure 19: 1260-day returns of S&P500 ETFs
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From the positively leveraged ETFs “UPRO” and “SSO”, we can see that there are many
periods of performing better than what the naive expectation would assume. As seen in the
data-chapter of this thesis, the overall performance of S&P500 index, based on the bench-
mark ETF “IVV”, has been good during the last 7 years. This reflects strongly in the inverse
ETFs of “SPXU” and “SDS”, as neither of those could have provided any profit on any of
the overlapping 5-year investment periods. Next, the performance graphs of 2 other sets of
leveraged ETFs are brought in. Following graph represents the performance of ETFs track-
ing NASDAQ-100 index.
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Figure 20: 1260-day returns of NASDAQ-100 ETFs

Especially, performance of “TQQQ” is interesting here. Convex shape shows us that the
relationship between returns is not linear. When the returns from investing in the benchmark
ETF during this period increase, the returns of 3x-leveraged ETF increase more than they

are supposed to, based on the naive expectation of k-multiplied returns.
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Looking at the graphs of inverse ETFs on both set of graphs, an interesting conclusion can
be made. Although devastating performance during the observed 5-year periods, there are
no k-multiplied losses, compared to the index as we can see that the value of the investments
diminishes towards zero. This backs the idea of using inverse ETFs as shorting instruments,
as investor’s losses are limited to the amount of invested capital, unlike when practicing

actual short-selling or using certain derivatives.
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Figure 21: 1260-day returns of Barclays U.S. 20+ Year Treasury Bond ETFs

Above is presented the corresponding graph of the fixed-income ETFs. Performance of the
inverse ETFs are rather similar to ones within equity ETFs. Interestingly, the shape of UBT
— TLT returns is very linear. At this point, I am assuming that this is very much the shape
we would expect in more volatile times. The overall performance of underlying “TLT” dur-
ing the 7-year period has been positive. However, as seen in the data chapter, it has been
more volatile and not as straightforward, as observed equity benchmark ETFs.
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In summary, observations of these graphs provide us a strong expectation, that the linear
assumption made in the following regression analysis will break at least around 1-year in-
vestment period, if not earlier. The convexity seen in the most of the long-term return figures
is likely to root from the compounding effect as suggested by Zhang (2010) and Avellaneda
et al. (2010b).

5.3. K-times returns

This subchapter presents the results from tests conducted as presented in the methodology
chapter. To not only rely on vague estimation by looking at the plotted data from different
investment periods, | provide results from regression analyses conducted between every
combination of LETF-ETF pairs, for every investment period defined in methodology. Rel-
evant numbers of results from these analyses are provided in tables, one investment period
at time. After presenting the results in tables, graphs of the results are presented for easier

interpretation and conclusions.

Every single of the LETFs is analyzed in their own regression analysis. A table combines
the results of these analyses from 1 investment period at a time. Each table presents 7 num-
bers per regression. First is presented R-squared, which tells us how much of the variance of
the sample is predicted by the model. Often considered as goodness of fit, the closer the

value of R-squared is to 1, the better the data should fit the model in terms of variance.

Alpha and beta are the estimates from the regression analysis. All of the presented estimates
are statistically significant with a p-value of <0.05. Standard errors of estimates are presented
below them in parenthesis. Because of the studied data being overlapping, standard errors
are calculated as Newey-West standard errors. “Expected” column presents the excepted
beta, which is based on the leverage-multiplier of corresponding LETF. Last column, “Error
margin”, represents the coefficient beta’s proportional deviation from its excepted value. I
have defined an acceptable error margin, where we can reliably assume k-multiplied returns

from that period as 5 percentage. Where error margins are larger than 0.05, the particular
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LETF can not reliably provide k-times returns on that period. The error margin E is calcu-

lated as absolute value of percentual difference between the realized (5r) and expected beta

(Be):

o

(23)

Below is presented the table of results from 3-day overlapping investment periods from the

observed timeframe:

Table 7: Regression analysis results: 3-day investment periods

TICKER | R-Squared | Alpha Beta Expected | Error margin

SSO 0,9991 -0,0003 1,9921 2,000 0,004
(0,0000) | (-0,0034)

UPRO 0,9985 -0,0004 2,9856 3,000 0,005
(0,0000) | (-0,0109)

SDS 0,9977 0,0002 -1,9987 -2,000 0,001
(0,0000) | (-0,0087)

SPXU 0,9965 0,0002 -2,9974 -3,000 0,001
(-0,0001) | (-0,0186)

QLD 0,9992 -0,0002 1,9922 2,000 0,004
(0,0000) | (-0,0039)

TQQQ 0,9984 -0,0004 2,9810 3,000 0,006
(-0,0001) | (-0,0107)

QID 0,9973 0,0001 -1,9929 -2,000 0,004
(-0,0001) | (-0,0092)

SQQQ 0,9957 0,0001 -2,9901 -3,000 0,003
(-0,0001) | (-0,0195)

uYG 0,9983 -0,0002 1,9876 2,000 0,006
(0,0000) | (-0,0027)

FINU 0,9016 -0,0006 3,1212 3,000 0,040
(-0,0005) | (-0,0848)

SKF 0,9953 0,0000 -1,9877 -2,000 0,006
(-0,0001) | (-0,0087)

FINZ 0,7559 -0,0003 | -2,8728 -3,000 0,042
(-0,0007) | (-0,0732)
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UBT 09889 | -0,0002 | 1,9847 | 2,000 0,008
(0,0000) | (-0,0053)

TBT 0,9977 | 0,000 | -1,9841 | -2,000 0,008
(0,0000) | (-0,0048)

TTT 0,9962 | 0,0000 | -2,9778 | -3,000 0,007

(-0,0001) | (-0,0087)

uSsT 0,9915 | -0,0002 | 1,9838 | 2,000 0,008
(0,0000) | (-0,0043)
PST 0,9901 | 0,0000 | -1,9842 | -2,000 0,008

(0,0000) | (-0,0055)

We can see from table 7, that all of the alphas are very close to 0, as well as betas are close
to their expected values of k. Two ETFs to stand out in these results are “FINU” and “FINZ”,
which are 3x and -3x leveraged ETFs of Dow Jones U.S. Financials Index. Although still
staying under the critical 0.05 limit of the error margin, they seem to have trouble to match
k-times returns. However, this phenomenon has an explanation out of these results: Both of
these LETFs were introduced at the beginning of the observed timeframe (7/2012). Very
small trading volume or days of no trading at all shortly after the introduction has caused an
actual tracking error of 1-day performance, which now reflects to the 3-day performance
also.

Generally, we can say that on 3-day investment periods, the leveraged ETFs can reliably
provide k-multiplied returns. In the next table is presented results of regression analyses for

21-day period.



Table 8: Regression analysis results: 21-day investment periods

TICKER | R-Squared | Alpha Beta | Expected | Error margin

SSO 0,9991 -0,0023 | 2,0210 2,000 0,011
(0,0001) | (0,0055)

UPRO 0,9972 -0,0045 | 3,0594 3,000 0,020
(0,0004) | (0,0164)

SDS 0,9933 -0,0004 | -1,9237 -2,000 0,038
(0,0004) | (0,0177)

SPXU 0,9894 -0,0017 | -2,8392 -3,000 0,054
(0,0008) | (0,0331)

QLD 0,9988 -0,0026 | 2,0304 2,000 0,015
(0,0002) | (0,0067)

TQQQ 0,9959 -0,0054 | 3,0851 3,000 0,028
(0,0006) | (0,0194)

QID 0,9914 -0,0025 | -1,8891 -2,000 0,055
(0,0006) | (0,0180)

SQQQ 0,9850 -0,0055 | -2,7710 -3,000 0,076
(0,0011) | (0,0355)

uYyG 0,9987 -0,0017 | 2,0155 2,000 0,008
(0,0002) | (0,0084)

FINU 0,9373 -0,0074 | 3,4116 3,000 0,137
(0,0021) | (0,0939)

SKF 0,9908 -0,0012 | -1,9404 -2,000 0,030
(0,0006) | (0,0267)

FINZ 0,8998 0,0002 | -3,1226 -3,000 0,041
(0,0027) | (0,0837)

UBT 0,9977 -0,0013 | 2,0067 2,000 0,003
(0,0001) | (0,0073)

TBT 0,9932 0,0001 | -1,9586 -2,000 0,021
(0,0004) | (0,0215)

TTT 0,9895 -0,0001 | -2,9197 -3,000 0,027
(-0,0007) | (0,0415)

UST 0,9979 -0,0012 | 1,9959 2,000 0,002
(0,0001) | (0,0046)

PST 0,9914 0,0002 | -1,9614 -2,000 0,019
(0,0002) | (0,0141)
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On a 1-month investment period, betas of 4 LETFs deviate critically from their expected

values. Interestingly, all of these are either inverse, or 3x-leveraged. LETFs with a positive

leverage of 2, still seem to hold on to their expected returns. Next, let’s observe results of 3-
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month investment period. Previous studies have often considered 3-month period to be too

long to reliably provide k-times returns.

Table 9: Regression analysis results: 63-day investment periods

TICKER | R-Squared | Alpha Beta | Expected | Error margin

SSO 0,9975 | -0,0082 | 2,0474 | 2,000 0,024
(0,0007) | (0,0129)

UPRO | 0,9919 | -0,0170 | 3,1357 | 3,000 0,045
(0,0019) | (0,0403)

SDS 09781 | -0,0045 | -1,8327 | -2,000 0,084
(0,0022) | (0,0480)

SPXU 09659 | -0,0116 | -2,6451 | -3,000 0,118

(0,0041) | (0,0892)

QLD 09967 | -0,0097 | 2,0687 | 2,000 0,034
(0,0010) | (0,0153)

TQQQ | 09887 | -0,0218 | 3,1924 | 3,000 0,064
(0,0029) | (0,0473)

QID 09753 | -0,1311 | -1,7463 | -2,000 0,127
(0,0028) | (0,0464)

SQQQ | 09582 | -0,0281 | -2,4692 | -3,000 0,177

(0,0051) | (0,0846)

UYG 09973 | -0,0070 | 2,0563 | 2,000 0,028
(0,0007) | (0,0148)

FINU 09072 | -0,0304 | 35813 | 3,000 0,194
(0,0048) | (0,1277)

SKF 09775 | -0,0084 | -1,8301 | -2,000 0,085
(0,0022) | (0,0436)

FINZ 0,9027 | -0,0094 | -2,9156 | -3,000 0,028

(0,0061) | (0,1153)

UBT 0,9978 | -0,0037 | 1,9927 | 2,000 0,004
(0,0004) | (0,0102)

TBT 0,9835 0,0006 | -1,9673 | -2,000 0,016
(0,0012) | (0,0311)

TTT 0,9750 0,0008 | -2,9439 | -3,000 0,019

(-0,0022) | (0,0611)

UST 0,9977 | -0,0035 | 1,9694 | 2,000 0,015
(0,0002) | (0,0063)
PST 0,9769 0,0004 | -1,9306 | -2,000 0,035

(0,0006) | (0,0256)
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These results of table 9 are interesting. If considering a deviation of under 5 percentage from
the expected reasonable, some of the observed LETFs are still able to track the underlying
ETF. Smallest error margins of 0.004, 0.015, 0.016 and 0,019 are all from fixed-income
LETFs. Largest errors seem to be within inverse equity ETFs.

At this point is good to note, that the error margin is not necessarily a bad thing when con-
sidering the overall returns from that particular investment period. Considering the graphical
presentation in the data chapter and 5.2., the equity LETFs have actually performed really
well, and it is likely that these error margins represent rather positively abnormal returns.
For example, looking at the graphs of overall performance over the whole 7-year period,
equity LETFs seem to have performed better than the fixed-income LETFs. However, based
on these regression analyses, the fixed-income LETFs follow a more linear relationship

against their benchmark ETFs, and can so provide k-times returns more reliably.

Next is presented a similar table of results from regression analyses from 1 year overlapping
investment periods. As discussed, 3-months already being a “long” investment period among

leveraged ETFs, 1-year period could be considered “unsuitable” for this type of instruments.



Table 10: Regression analysis results: 252-day investment periods

TICKER | R-Squared | Alpha Beta | Expected | Error margin

SSO 0,9934 -0,0551 | 2,2612 2,000 0,131
(0,0031) | (0,0186)

UPRO 0,9831 -0,1343 | 3,7814 3,000 0,260
(0,0085) | (0,0542)

SDS 0,9638 -0,0627 | -1,2969 -2,000 0,352
(0,0046) | (0,0268)

SPXU 0,9529 -0,1290 | -1,6098 -3,000 0,463
(0,0069) | (0,0416)

QLD 0,9935 -0,0796 | 2,3676 2,000 0,184
(0,0040) | (0,0169)

TQQQ 0,9816 -0,2116 | 4,1127 3,000 0,371
(0,0114) | (0,0501)

QID 0,9800 -0,1236 | -1,0573 -2,000 0,471
(0,0032) | (0,0142)

SQQQ 0,9655 -0,2325 | -1,2017 -3,000 0,599
(0,0052) | (0,0223)

uYyG 0,9949 -0,0474 | 2,2568 2,000 0,128
(0,0029) | (0,0184)

FINU 0,9353 -0,2005 | 4,5384 3,000 0,513
(0,0185) | (0,1271)

SKF 0,9555 -0,0735 | -1,3094 -2,000 0,345
(0,0056) | (0,0328)

FINZ 0,8682 -0,1077 | -1,9626 -3,000 0,346
(0,0139) | (0,0809)

UBT 0,9947 -0,0227 | 2,1036 2,000 0,052
(0,0014) | (0,0195)

TBT 0,9448 -0,0208 | -1,6192 -2,000 0,190
(0,0036) | (0,0370)

TTT 0,9232 -0,0426 | -2,2345 -3,000 0,255
(0,0062) | (0,0648)

UST 0,9940 -0,0149 | 1,9940 2,000 0,003
(0,0006) | (0,0139)

PST 0,9090 -0,0033 | -1,7796 -2,000 0,110
(0,0022) | (0,0582)
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These results are well in line with previous studies. Almost none of the observed LETF betas
are under the defined error margin. In addition, the alphas presenting intercepts are getting

further from 0. This was expected, based on the graphical analysis of chapter 5.2.

However, as in table of 3-month results, the fixed-income LETFs still stand out from the 1-
year results. 2x-leveraged “UBT” and “UST” have notably lower error margins, than other
products. Especially the beta of 1.9940 of “UST” is very close to its expected value of 2.
Although there begins to be concerns of reliability and suitability of the model in periods
this long, based on the increasing standard errors and alpha deviating further from zero, it is
reasonable to analyze these two instruments on even longer, 2-year investment period. Fol-
lowing table presents the results from regression analyses of 2-year investment periods, on

these two fixed-income LETFs.

Table 11: Regression analysis results: 504-day investment periods

TICKER | R-Squared | Alpha Beta | Expected | Error margin
UBT 0,9953 -0,0540 | 2,1054 2,000 0,053
(0,0019) | (0,0132)

usT 0,9870 | -0,0326 | 2,0603 | 2,000 0,030
(0,0009) | (0,0165)

Surprisingly, even on 2-year investment periods, the error margins are still relatively low.
However, the estimate of alpha gets even further from 0 as we lengthen the investment pe-
riod. Although being more volatile during the whole 7-year period, fixed-income LETFs
seem to provide k-times returns more reliably than equity LETFs. However, as seen in the
data chapter, the overall performance of equity LETFs has been better during the observation

period.

To get a summary and better overall view of the results presented in the tables above, a
graphical presentation of the error margins calculated from the regression results is provided.
The graphical representation helps to conclude and better understand the amount of error

margins between different types of LETFs studied in these analyses.
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Below is presented error margins of all studied LETFs and investment periods.

Error Margins of studied LETFs
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Figure 22: Error margins of studied LETFs

The overall graph of all studied ETFs won’t tell us much. From this, we can see that the
fixed-income “UST” and “UBT” stay under the dotted line of error margin 0.05 while the
others pass it on rather early stage. Let’s drill down to observe the error margins by groups.
Following graphs represent the error margins of 3x and -3x-leveraged ETFs. The investment
period is limited to the 3-month period, as it is enough to provide the information needed

and helps the interpretation of the graphs.
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Figure 23: Error margins of 3x (-3x) -leveraged ETFs
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Looking at graph of 2x-leveraged ETFs, we can see that most of them stay under the dotted
line of error limit, meaning that they would probably match their k-multiplied returns on
investment periods less than 63 days (3 months). Three lines representing “QID”, “SDS”
and “SKF” are all inverse, -2X-leveraged ETFs. We can conclude that the positively lever-
aged hold better on k-times returns than negatively leveraged. It seems to be, that the 2x (-
2x)-leveraged ETFs are also more likely to hold on k-times returns than 3x (-3x)-leveraged
ETFs.

Another pair to compare is the differences between error margins on positively leveraged
ETFs and inverse LETFs. Below is presented a graph of error margins on positively lever-

aged ETFs, again up to 3-month investment periods.

Error Margins of positively leveraged ETFs
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Figure 25: Error margins of positively leveraged ETFs
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Inverse, “negatively” leveraged ETFs for comparison:

Error Margins of negatively leveraged ETFs
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Figure 26: Error margins of negatively leveraged ETFs

Difference between these two groups is remarkable. Looking at graph of ETFs with positive
leverage, we can see good matching of expected returns, except for the 3x-leveraged “FINU”
which already suffered from actual tracking error on 1-day basis. It is also observable, that
at 63-day period, the 3x-leveraged “FINU”, “TQQQ” and “UPRO” have higher error mar-

gins than other, 2x-leveraged products.

Looking at the graph of ETFs with negative leverage, it is remarkable that except for “FINZ”,
all the other products staying under the critical error limit are fixed-income ETFs. At this
point, it is good to make a comparison of error margins between equity and fixed-income
ETFs.
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Error Margins of Equity LETFs
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Figure 27: Error margins of equity LETFs

Error margins of fixed-income LETFs:
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Figure 28: Error margins of fixed-income LETFs
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This comparison provides largest difference between the groups on investment periods of 3-
months and less. All of the observed fixed-income LETFs’ error margins stay under the
critical limit of 0.05 on these periods. Looking at the equity LETFs, similar conclusions can
be made, as was with previous comparisons: In the case of equity LETFs, the products to
hold the k-multiplied returns on less than 3-month investment periods, are the ones with
positive 2x-leverage. 3x-leveraged products, either positive or inverse, seem to drift faster
from the expected returns, as well as -2x-leveraged inverse ETFs. As seen in the results, this
is also the case within fixed-income ETFs, as the inverse ETFs are less likely to hold on to
the expected returns, although they seem to hold for longer, over 3-month periods, unlike

inverse equity LETFs.

5.4. Risk-adjusted returns — Abnormal returns and effects of volatility

As we observed from the regression results, fixed-income LETFs were more likely to hold
on to k-multiplied returns. However, the overall performance of equity LETFs, more notably
3x-leveraged ETFs have been better, as seen from the plot graphs on chapter 8.2. as well as
seen from on the data-chapter. The following tests have been conducted in attempt to find

out confirmation and reliability to the results and conclusions of regression analysis results.

By calculating risk-adjusted returns based on the volatility of LETFs as presented in chapter
4.3., these results are provided in attempt to find out, whether leveraged ETF provide return
and risk in the same ratio as their non-leveraged benchmark ETFs. As well as when observ-
ing the performance based on naive expectation in previous chapter, the observing of risk-
adjusted returns is done with different investment periods. Table below presents the results
from t-tests for every LETF risk-adjusted returns against their benchmark ETF risk-adjusted

returns, on 3-, 21-, 63- and 252-day periods.



Table 12: T-test results of risk-adjusted returns

TICKER | t Stat 3d | t Stat 21d | t Stat 63d | t Stat 252d
SSO -0,22466 | 0,884127| 1,599224| 1,6834405
UPRO | -0,06747| 0,944849| 1,840735| 1,2202482
SDS -0,20055| -0,63538 -1,1235| -5,559769
SPXU |0,965677| -0,51984| -0,99391| -7,064893
QLD |0,076009| 0,529853 1,06382| -0,073201
TQQQ | -0,38977| 0,539075| 1,123723| -1,534004
QID |0,233465| -0,06749| -0,33023| -7,779288
SQQQ |0,175272| -0,09958| -0,44985| -10,71797
UYG |0,645738| 0,484478| 1,022447| 1,0355575
FINU ]0,696631| 2,206422| 3,541515| 2,3534181
SKF -1,14046| 0,077676| 0,496997 -2,33601
FINZ -1,6868 | -1,33039| -0,95683| -5,783742
UBT |0,441168| 0,648323| 1,094881| 2,1323726
TBT -0,76394| -0,14289 -0,3515| -0,245629
TTT -0,08499| -0,09978| -0,30722 -0,07717
UST |0,328825 1,35625| 2,273727| 4,1073847
PST -0,54176| -0,57627| -0,87268| -1,408028
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In table 12 is presented t-stat values of the t-tests. With alpha of 0.05, we can say that there

is no statistical difference between the two groups, if the presented t-stat value is between -

1.96 and 1.96, or the absolute value of t-stat is under 1.96. Again, for better interpretation of

the results, below is presented a graphical comparison of t-stats between positively and in-

verse leveraged ETFs. LETFs which provide risk and return in the same ratio, should have

a t-stat value between the limits of -1.96 and 1.96.
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Figure 29: T-stat values of positively leveraged ETFs

Negatively leveraged for comparison:
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Interestingly, although 2x-leveraged fixed-income ETFs “UBT” and “UST” seemed to hold
best on the k-multiplier returns when analyzed with beta, in the t-test analysis their risk-
adjusted returns do not equal the risk-adjusted returns of benchmark ETFs. The compound-
ing problem is visible in the case of inverse LETFs. These t-tests help to further interpret the
results from regression analyses, as it strengthens the findings that inverse LETFs can not
provide returns in same risk-ratio as their benchmarks. In addition, these tests show some
weakness in the positively leveraged fixed-income ETFs, which were supposed to track their

benchmark most precisely based on the regression analyses.

Lastly, the effects of volatility on the returns of studied LETFs is observed in the following.
Theory behind leveraged ETFs and much discussed problems rooting from constant leverage
trap and nature of compounding returns suggest, that volatility restricts LETF to perform in
a manner that they would provide risk and return in the same ratio as their non-leveraged
equivalents. In figure 31 is presented risk-adjusted returns of 2x-leveraged QID against its
benchmark ETF QQQ, and volatility of the benchmark ETF, on overlapping 1-year invest-

ment periods.
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Risk-adjusted Returns of QLD and QQQ on 252d investment periods
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Figure 31: Risk-adjusted returns of QLD and QQQ on 252d investment periods

Notable aspect from this graph is, that abnormal returns (QLD returns over benchmark
QQQ) are higher, when the risk-adjusted returns of benchmark are high, and vice versa. In

addition, we can see a possible negative effect of volatility on the abnormal returns.

It is well known fact, as also seen in the literature review discussing compounding returns,
that volatility has a negative effect on returns of any conventional investment vehicle. How-
ever, figure 31 suggests that there is even stronger effect on leveraged ETF returns, as was
also suggested by theories presented in the literature review. It is observable from the graph,
that in times of high volatility, there are negative abnormal returns, while in times of lower
volatility, the leveraged ETF can provide higher returns than the benchmark ETF, in other
words positively abnormal returns. From the figure 32 below, it can be seen how risk-ad-
justed returns of both 2x- and 3x-leveraged ETFs are higher, when volatility is low. In addi-
tion, in times of high volatility, 2x-leveraged “QLD” would perform better than 3x-leveraged

“TQQQ”, when measuring risk-adjusted returns.



81

Abnormal Returns of QLD and TQQQ Against Volatility of
Benchmark QQQ on 252d Investment Periods
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Figure 32: Abnormal returns of QLD and TQQQ against volatility of benchmark on 252d investment periods

Although within instruments tracking NASDAQ-100 index there is clear correlation visible
from the graph, it was not the case with all instruments. To find out how volatility affects
the abnormal returns, below is presented results of correlation tests between abnormal re-
turns of LETFs and their benchmark ETFs’ volatility. Shape of the graph on figure 32 sug-
gests using monotonic Spearman’s rank correlation, rather than Pearson correlation, which
measures linear correlation between two samples. Period of 1-year (252 days) is used for the
analyses as it is long enough to have provided abnormal returns between the samples. For
examples, on 3-day periods, any abnormal returns are hardly present as the studied LETFs
reach k-multiplier returns on that period very well, meaning that risk and return match. This
leads to a fact that correlation coefficients between abnormal returns and benchmark’s vol-

atility are very close to zero.

Below is presented a table of Spearman’s correlation coefficients between the abnormal re-
turns and volatility of the benchmark indices on overlapping 252-day investment periods.

All of the presented values are significant on 95% significance level.



82

Table 13: Spearman's correlation coefficients between abnormal returns and volatility

Spearman's Rank

TICKER Correlation Coefficient
SSO -0,8155
UPRO -0,8525
SDS -0,8411
SPXU -0,8676
QLb -0,9435
TQQQ -0,9476
Qib -0,8779
sQQQ -0,8942
uYG -0,5595
FINU -0,4174
SKF -0,6707
FINZ -0,5690
UBT 0,4633
TBT -0,6616
TTT -0,5776
usT 0,1624
PST -0,8246

On table 13, value of -1 would imply perfect negative correlation between the abnormal
returns and volatility and 0 would mean that there is no correlation between the samples. As
with studying the performance on different investment periods, also here 2x-leveraged fixed-
income LETFs stand out of the rest. Their abnormal returns seem to have positive correlation
with the volatility. As there is no theoretical reason for this phenomenon, it is very likely
that the sample of these two instruments is not adequate enough, and the positive coefficients
should be considered with extreme caution, no matter the acceptable p-values of the coeffi-

cients.
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6. CONCLUSIONS

This chapter discusses the conclusion of results achieved in the empirical testing and com-
pares them to previous studies. Summary of the study, as well as answering the research
questions are in this chapter. In addition, limitations of the thesis and possible further re-

search topics are discussed.

6.1. Answering the research questions

Summary of the results, and conclusions are made based on the defined research questions.

The first research question of this thesis was defined as:

Can leveraged ETFs provide k-times returns on longer than 1-day holding periods?
Followed by the second question of:

Are there significant differences in the behavior of returns between groups of LETFs?

These questions were based on the idea that by holding on to the k-multiplied returns the
risk-return relationship would stay the same through these periods, equaling the risk-return-

ratio of non-leveraged ETFs.

Answering to these questions was done by comparing leveraged equity and fixed-income
ETFs to their non-leveraged counterparties, which acted as benchmarks, on investment pe-
riods of 3, 21, 63, 252 and 504 days. Empirical analysis was done by calculating returns for
each of the chosen LETFs and their benchmark ETFs for the defined investment periods, by
using overlapping daily closing prices. Then each of the LETFs were modeled against their
benchmark ETF with regression analyses. Deviation from the expected betas was calculated
to observe an error margin, which was then used to approximate the LETF’s inability to

provide k-multiplied returns on that given investment period.
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Not only was an answer found to the first research question, but in addition, differences
between types of leveraged ETFs were recognized. Shortly, the answer to the first research
question is Yes — Leveraged ETFs can provide k-times returns on longer than 1-day periods.
| defined an error margin of 0.05 for the difference between excepted returns and the esti-
mated returns suggested by beta of regression analyses. It came out, that on 21-day invest-
ment periods, leveraged ETFs can still quite reliably provide k-times returns. However, there
are differences between groups. Firstly, inverse LETFs seem to start drifting away faster
from the expected returns, than positively leveraged. Secondly, both positive and inverse 3-
times leveraged ETFs start to drift earlier from the expected returns, than 2x-leveraged ETFs.
Null-hypothesis can safely be accepted on investment periods up to 21-days on 2x-leveraged,
3x-leveraged and -2x-leveraged ETFs. In case of -3x-leveraged, null-hypothesis is rejected.
On 3-month, 63-day investment periods, both 2x- and 3x- positively leveraged ETFs could
provide risk and return in the same ratio, accepting the null-hypothesis. In the case of inverse
ETFs, the situation is opposite, as null-hypothesis is rejected on 3-month investment periods.
Considering these results, the null-hypothesis of research question 2 is rejected, as there are

clearly difference in the returns between the groups.

Interestingly, difference of results between fixed-income and equity ETFs is large. Positively
leveraged 2x fixed-income ETFs were able to hold on to k-times returns on investment pe-
riods even longer than 1 year. This is interesting because during the observed 7 years of
trading days, the overall performance of benchmark equity-ETFs was better than the corre-
sponding performance of fixed-income benchmark ETFs. However, it cannot be concluded
reliably, that fixed-income LETFs as a group would more likely provide risk and return in
the same ratio as their non-leveraged equivalents, than group of leveraged equity ETFs and
their benchmark ETFs.

Although t-tests conducted to test significant difference between risk-adjusted returns of
LETFs and their benchmark ETFs helped to assess and further evaluate the results of the
regression analyses and answer to research questions 1 and 2, they provided information to

answer to research question 3, which had a null-hypothesis of:

HO: Risk-adjusted returns between leveraged and non-leveraged ETFs are the same
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Based on the t-tests, risk-adjusted returns do not differ significantly at 1-month investment
periods, and results are rather mixed on 3-month periods. The most important outcome of
these tests, and considering this null-hypothesis, ended up being the value it gave to evaluate
the results of regression analyses and validate the methodology used on them, rather than
using these t-test results on their own. These t-test results also back up the whole fundamen-

tal idea of k-times returns presenting the risk-return ratio, as is done in this thesis.

In their entirety, results are in line with previous studies. On 1-month investment period,
investors can expect k-multiplied returns rather reliably, which would imply that the risk-
return ratio would be the same as with non-leveraged ETFs on those periods. The used meth-
odology suggests that it could also be possible with 3-month long investment periods, but
the type of LETFs used has to be considered, as inverse and 3x-leveraged ETFs are less
likely to perform in that expected manner, as seen from the results. The empirical part of this
thesis strengthens previous findings with similar results, but also takes account to different
type of LETFs, for example finding out that inverse ETFs, at least -3x-leveraged may not be
suitable for holding periods of 21-days. As suggested by previous literature, on longer peri-
ods, investor should probably go with some of the presented strategies such as shorting in-
verse LETF pairs. In previous studies, use of other investment strategies than straight invest-
ing in LETFs is further recommended in times of high volatility of underlying indices. This
is backed up by negative correlation between volatility and LETF returns presented in this

study, when additional strategy is not used.

6.2. Limitations

Although differences between k-times returns between groups can be done and reliable con-
clusions made, minor downside is associated with the used methodology. While reliably
pointing out the point of time where the expected linear relationship breaks, as well as the
magnitude of estimates, after a certain point of lengthening the investment periods the esti-
mates themselves are not very reliable as the data will not fit the linear model anymore. As
discussed in the methodology chapter, although being used in these kinds of studies, the

regression model can not reliably interpret the meanings of alpha and beta after the linear
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relationship of the data breaks. This concern has been presented by Charupat et al. (2014),
as they generated more precise and sophisticated model to measure performance of lever-
aged ETFs. Another limitation of this study is the relatively short data. 7-years is relatively
small sample, when starting to consider longer investment periods. Because of short
timeframe of availability of data and the need to use overlapping investment periods backs
up the idea of using simulation-based returns, as has been done in several other studies. The
model used in this study also lacks the ability to indicate the exact length of investment
period where k-times returns can still be expected. Using this methodology, it would require
senseless number of analyses to iterate the exact period lengths, and that is why the selection
of different investment periods is based mostly on previous studies.

A more sophisticated model would be needed to reliably estimate the effects of alpha and
beta deviating from their expected value. Methodology of this thesis can assess the direction
and magnitude of the deviation, but as an estimate it is not very accurate, as also the alpha
starts to deviate from its expected value of zero. The reason why this is problematic is behind
the convexity of the returns, as the datapoints will not follow a linear relationship, after the
investment period reaches a certain length. Probably another model would be needed to deal
with the convex data, if one would like to end up with reliable estimates after the linear
relationship breaks.

Another limitation is within the dataset of fixed-income LETFs. There is very limited num-
ber of fixed-income LETFs in market, making it difficult to draw conclusions of that group.
As there was only two sets of fixed-income LETFs, it was not possible to get distinctive
results for them as a group, although different behavior than with equity LETFs was ob-

served.

6.3. Topics for further research

From a viewpoint of an investor, to reliably know whether their expected returns would

equal the risk they are taking is surely in a great interest. This will however not take account
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on the realized returns which should surely be another aspect an investor would care about.
Breaking of the linear relationship, and LETF not being able to provide k-multiplied returns
is not necessary a bad thing. As seen from plotting the data, there is often a possibility for
returns well over the naive expectation. Even staying under the expected return, LETF can
outperform the non-leveraged benchmark. This type of performing over and under the ex-
pectations could provide ideas for further studies of this subject. Deviation of beta from
expectation could be further studied, to observe whether the deviation from naive expecta-

tion is good or bad thing from the point of returns.

Research question remains open for very-long investment periods. Although there is con-
sensus and theories about the volatility decay effecting negatively on leveraged ETFs on
long periods, which this study also backs up, there is not yet enough data to empirically
assess the risk and returns of for example 10- or 15-year investment periods. As discussed
in the data chapter, the overall performance of LETFs for last 7-years have been tremendous
and would possibly suggest that LETFs could be usable for ultra-long investment periods,

given a low-volatility investment period.

At the moment, it would be possible to conduct a study for ultra-long research periods by
creating simulated data based on the underlying conventional ETFs or indices. As seen in
the literature review of this thesis, simulation-based data is used in some previous studies,
but ultra-long 10- or even longer investment periods are not assessed. Considering the over-
all performance of these products on last 7-years, it could be possible that the positive path-
dependence could outweigh the volatility decay. In my opinion, testing for ultra-long periods

with simulation-based data would be in great interest.

As said, precise effects of volatility on LETF returns is also very interesting topic from the
point of view of an investor. Previous literature and findings of volatility in this thesis drive
for studying different investment strategies. As presented in the literature review, strategies
like shorting leveraged ETF pairs and rebalancing the ETF portfolio are most efficient in
times of high volatility. Part of this thesis studying volatility, as well as existing theories,

show that volatility has a decaying effect on LETF returns, if no specific strategy is used.
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This creates a research gap to assess optimal LETF investment strategies for a given time,
based to the volatility of underlying indices, as in times of high volatility one would likely

need a specific strategy to maximize returns, and vice versa.
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