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Abstract

This paper examines the performance of Leveraged Exchange-Traded Funds
(LETFs) on Chinese A-share indices. We find that bull funds deliver positive
average returns and that both the bull and bear Chinese LETFs on average
(but less often) exceed the naively expected returns over multiple holding
days. Compared to the LETFs on the equity indices of the United States, Chi-
nese bull funds have higher returns over short holding periods, but not over
long holding periods. During financial crises, Chinese LETFs suffer more
erosion than in normal time and bear funds likely experience positive returns.
Lastly, we derive a model to guide investors on when LETFs are likely to per-
form better or worse than naive expectations. We not only reveal the poten-
tial performance of Chinese LETFs to market participants and regulators for
the first time, but also expand the existing LETF literature by documenting
new evidence from the unique A-share market.

Keywords

Leveraged Exchange-Traded Funds (LETFs), Fund Performance, LETF
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1. Introduction

Exchange-Traded Funds (ETFs) are among the most successful financial innova-
tions in recent years and have grown substantially in trading volume and market
size worldwide'. An ETF is an investment vehicle that is traded like a stock but

tracks an underlying index. Among ETFs, Leveraged Exchange-Traded Funds

'According to Blackrock, Exchange Traded Products (ETPs) have more than 5268 billion U.S. dol-
lars of the Asset Under Management (AUM) globally, with the number of ETPs reaching 8921 at the
end of the first quarter 2020, despite the financial turmoil then [1]. In the U.S., as shown by [2], ETF
daily trading volume exceeded 36% of overall stock market trading volume in the first half of 2016.
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(LETFs) have aroused widespread attention recently due to their popularity and
complexity. They are designed to deliver a constant multiple, such as 3x, of the
underlying index returns. These relatively new products have been highly em-
braced by investors in the United States (U.S.) and Europe. However, as the
second largest economy, China does not have LETFs traded in the mainland fi-
nancial markets, lagging behind many countries in the development of LETFs in
both theory and practice. Fortunately, China has been experiencing astonishing
development in its economy and financial system in recent years, and the dis-
cussion on the introduction of LETFs leveraging Chinese mainland indices has
been put on the agenda. In particular, with the rapid development of Chinese
derivatives market, the fundamental financial instruments of LETFs, including
swaps and futures which are employed to attain the leverage effect of a bench-
mark return, are getting complete and mature. These new and ongoing changes
in Chinese financial market, together with the intensive needs of Chinese inves-
tors on leveraged products, motivate us to study how LETFs leveraging Chinese
A-share market would perform if they were listed in the exchanges of Chinese
mainland.

This paper examines the performance of potential LETFs leveraging Chinese
A-share market. The research work is conducted from three aspects. First, we
examine the performance of LETFs on Chinese mainland stock indices during
the entire history of the indices and three recent financial crisis periods, as if
they were traded in Chinese mainland exchanges. Second, to provide a bench-
mark for Chinese LETFs, we select LETFs leveraging the most prevailing stock
indices in the U.S. market as the comparative counterparts to Chinese LETFs,
making a comprehensive comparison between them in fund performance. Fur-
thermore, as our findings show that compounding effect is important for LETF
performance across markets and in general, to help guide investors on this effect,
we derive a model to investigate the quantitative relationship between index
performance and LETF performance, disclosing the essential factors and explicit
conditions affecting LETF performances.

Specifically, we use the return data of stock indices in the mainland of China
to simulate the return, return deviation, and return multiple of LETFs over var-
ious holding periods. Our results show that bull Chinese LETFs deliver positive
returns during various holding periods on average. These returns increase as
holding period lengthens. For example, for 3x fund, the average target return
increases from 0.895% to 213.8% during 5 to 250 trading days’. On the other
hand, bear LETFs deliver negative returns on average. On average, both bull and

bear LETFs perform better than their naively expected counterparts during the

*The target return, as defined in Section 3, is the most relevant return of hypothetical LETFs for in-
vestors. This is because the actual return of an LETF over any holding period is based on target re-
turn. More specifically, after deducting the management fee, financing costs, the extra costs arising
from market frictions and inefficiency, and the management’s tracking error from the target return,
the remaining is equivalent to the actual return of the LETF, which is the final return that investors
can receive in each trading day [3].
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holding periods of a week, a month and a year. However, in terms of frequency,
both bull and bear funds are likely to underperform, relative to their naively ex-
pected counterparts, more often for holding periods longer than 5 trading days.
These results disclose the complicated behaviors of Chinese LETFs’ perfor-
mance, suggesting that neither the performance enhancement documented in
[4] and [5] nor the value destruction warned by the SEC is applicable to the per-
formance of Chinese LETFs during our sample period.

To provide some context for the Chinese LETFs study, we compare their per-
formance to the U.S. counterpart. In particular, we make a comprehensive com-
parison in return, return deviation, return multiple, Sharpe ratio, and excess re-
turn. Within a long common sample period, the comparison across the two
markets shows that bull Chinese LETFs perform better than the U.S. counter-
parts on average. The median return of bull Chinese LETFs is higher than the
U.S. counterpart when holding period is between one day and one week. How-
ever, the median return of bull Chinese LETFs is actually lower than the U.S.
counterpart when holding period lengthens to a month or a year. We further
find that the returns of funds tracking the CSI 300 Index are more frequently
dragged down than enhanced by return deviation, especially in long holding pe-
riods. The effective multiple of fund return deviates from stated multiple when
holding period increases, and the discrepancy between the effective multiple and
the stated multiple of CSI 300 LETFs is greater than that of S&P 500 LETFs. The
Sharpe ratio and the excess return also indicate that the bull Chinese LETFs
perform better than their U.S. counterparts in short holding periods but the re-
sult reverses over long holding periods. Overall, these results disclose the sub-
stantial difference of LETF performance across the two markets and alleviate the
concern that high volatility of index is necessarily linked with poor LETF per-
formance, and the difference in LETF performance between the two markets
may be associated to the distribution of index performance, especially the rela-
tive magnitude of kurtosis.

As the probability to trade LETFs and their trading volume typically increases
when the market is volatile, we examine the performance of LETFs based on the
CSI 300 Index during three periods of market turbulence, including the 2008 fi-
nancial crisis, the 2015 Chinese stock market crash, and the 2020 COVID-19
pandemic period’. The results show that a majority of the mean and median
target returns are positive (negative) for bear (bull) funds, contrary to the obser-
vations during the long period of index. Among the three crisis periods, the
performance of CSI 300 LETFs seems to be dragged down most during the 2015
Chinese stock market crash period rather than the COVID-19 pandemic. Sur-
prisingly, Chinese LETFs do not seem to be affected as severely as the U.S. funds
during the COVID-19 pandemic period. These results reveal the high depen-

dence of LETF performance on the index which is consistent with the previous

’In the empirical literature examining ETF performance, a number of studies have also paid atten-
tion to crisis periods [6]-[11].

DOI: 10.4236/jmf.2022.123027

499 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027

Y.Z. Huang et al.

studies.

Our findings show that Chinese LETFs can sometimes perform better than a
typical non-professional investor expects, but can also perform worse. To ex-
plore the main determinants for this out of expectation or disappointment, we
investigate the explicit conditions under which the index performance is benefi-
cial to the fund performance and investor profits. Building our model on the ba-
sis of [12], we confirm a U-shaped functional graph of return deviations on the
returns of underlying index theoretically and then verify this implication by
numerical examples. Advancing the analysis, we compute the corresponding
values of return that index needs to accumulate to offset the negative effect of
these given variances. A more general conclusion is that, ceteris paribus, to ben-
efit LETF investors and fund performance: 1) Bull (Bear) LETFs have to accu-
mulate a return higher (lower) than the positive (negative) critical return; 2)
LETFs with higher leverage require more cumulative index return; 3) Bear
LETFs require a higher magnitude of index return than the paired bull LETFs; 4)
LETFs with longer holding periods require more cumulative index return. Based
on the historical returns of index, our result shows that Chinese LETFs need to
accumulate a high return to offset the negative effect of index volatility on fund
performance. This is due to the high volatility of Chinese market.

Our study makes some innovative contributions to the literature. First, to the
best of our knowledge, we are the first to study the performance of domestic
LETFs tracking the stock indices of Chinese A-share markets*. With the rapid
development of Chinese economy and financial system, our examination on the
performance of Chinese potential LETFs is timely and has practical significance
for fund issuers and regulators in China, especially as some Chinese fund cor-
porations submitted application materials of LETFs to the China Securities Reg-
ulatory Commission recently. Given that most of the current work regarding the
pricing and performance of LETFs is based on the indices from developed mar-
ket, our investigation can provide additional evidence for testing whether the
general conclusions from the previous studies on the developed markets can be
applied to emerging markets, shedding light upon the arguments for or against
introducing and developing more LETFs leveraging Chinese market and other
markets with similar characteristics in index performance. Moreover, it does
take some time for investors to establish and amend objective perceptions of
LETF performance. The education on LETFs is more necessary than on many
other securities since LETF performances are complicated and can be counte-

rintuitive even though LETFs are well traded by both institutional and individual

“Reference [13] is the only existing study that examines a sample of U.S.-traded Chinese LETFs.
However, their study is totally different from ours. First, their sample funds are U.S. traded. In par-
ticular, their funds actually track the U.S. based underlying indices, not the China based indices, due
to nonsynchronous trading between the markets of the two countries. Second, the indices underly-
ing their funds are Hong Kong-based FTSE China 25 index and U.S.-based BNY/Mellon China Se-
lect ADR Index, not the indices from the mainland of China. Third, their fund daily performance
was found to be significantly affected by the U.S. market sentiment. This U.S. market sentiment in-
fluence can often dominate the impact from underlying index return, making these LETFs like a
placebo to fund holders without tracking the underlying index.
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investors. Particularly, for investors interested in Chinese LETFs, we wish to
provide intuitive impression and details of LETF performance, especially for
those who do not have enough knowledge of LETF’s performance properties.

Second, our study is innovative to the extant LETF performance literature by
adding comparative evidence from two representative markets (China and the
U.S.). Due to the difference of market maturity and the respective features of in-
stitutional background of financial markets, the indices underlying LETFs can
perform differently across markets. The prior studies carry out their tests mainly
using U.S.-traded LETFs ([3] [4] [14] [15]) and LETFs leveraging the Canadian
equity market [16]. Unlike these papers studying the performance of LETFs
based on a single market, our study carries out a comparison across two repre-
sentative markets. The performance comparison between Chinese LETFs and
the U.S. LETFs strikingly manifests that the market differences can affect LETF
performance substantially, revealing that there may be some market-specific
features of indices underlying LETFs, which could add additional uncertainty to
LETF performance. Consequently, the difference in market index is one of the
key factors that investors should carefully consider, especially as LETFs on vari-
ous market indices have become increasingly popular in recent years. Our find-
ings also show that we can’t take the findings in the U.S. markets for granted
when applying to a different market like Chinese A-share market.

Last, but not least, our study expands the literature on the relationship be-
tween index and LETF performance by offering an explicit formula for the criti-
cal level of cumulative index return to benefit LETF performance over various
situations. It is well documented that the index underlying a daily LETF may add
additional uncertainty to fund performance over a multi-day period. More par-
ticularly, the extant literature states that, the performance of an LETF will be
dragged down when its index experiences high volatility and low cumulative re-
turn, or be improved when the index experiences low volatility and high cumu-
lative return (e.g., [17] [18] and [19]). These studies are generally qualitative
without detailed quantitative guidance, and there is little discussion on how
large the index cumulative return has to be to offset the negative effect of index
volatility. There are two studies [12] [20], as far as we know, modelling the per-
formance of LETFs with clear and concise mathematical expressions and pro-
duced plentiful intriguing findings. Reference [20] discussed the break-even level
of index return on which investors’ profit is not eroded by the index perfor-
mance. Building on the work of [12], our study proposes an explicit formula for
the critical level of cumulative index return over various holding periods and
various stated multiples of LETFs. The formula offers a simple expression of the
approximate quantitative value corresponding to the break-even level of index
return. This expression can be generalized to estimate the relationship between
index performance and LETF performance in any stated multiples and over any
holding periods, and the given numerical cases of break-even levels for index

return as a function of the accumulated realized variance in [20] are confirmed
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to be included in our more extensively applicable formula®.

The remainder of our study is organized as follows. In the next section, we
provide some background information on LETFs and institutional details of
Chinese A-share market. In Section 3, we introduce the commonly used va-
riables of LETF performance and describe the data. In Section 4, we present the
empirical results. In Section 5, we present the results of additional tests. Finally,

we conclude and state the policy implications of this study in Section 6.

2. Background Information and Literature Review

2.1. Background Information on LETFs

ETFs provide the benefits of diversification, liquidity, transparency, easy access
and tax efficiency [21]. As a subset of ETFs, LETFs intend to deliver a given
multiple, such as 2x, 3x, —1x, —2x, or —3X, of underlying index within a certain
period. This multiple is also referred to as fund multiple, stated multiple, prom-
ised multiple, or product multiple. The most popular LETFs are the ones to
achieve an intended daily multiple. To deliver a constant leverage on the return
of underlying index, fund managers rebalance the exposure on the index at the
end of each trading day®. More specifically, making a deal with counterparties in
the swaps market or using the futures to attain a certain level of exposure are the
two major ways. The final return received by an LETF investor is the remaining
after deducting the financing costs to deliver the leverage effect and the man-
agement fees paid to fund management companies from the net earnings of all
the assets of LETFs during each trading day. Apparently, the multiple return on
the index is not the original “cake” that is distributed to the participants related
to LETF investing, but is the perfect mold of the cake. When it comes to multiple
holding days, the actual return that investors can receive from their holding
LETFs will be determined by the path of index return, which is highly related to
market characteristics. Therefore, the stock indices from different markets may

contribute to the return behaviors of LETFs in a substantially different way.

2.2. Institutional Background of Chinese A-Share Market

Some institutional background pertinent to Chinese A-share market can make
the performance of Chinese LETFs more complicated than the performance of
LETFs leveraging other markets. Note that the impact of institutional back-
grounds is not directly exerted to LETF performance but is through the perfor-

*Reference [20] also discussed the relationship between index performance and the break-even level
of investors. Our model or formula to this relationship complements theirs in two ways. First, de-
veloping our model on the basis of [12] and by a totally different derivation process, our results can
be the mutual verification to their analyses in this relationship. More importantly, our final expres-
sions are more extensively applicable and we find that their numerical examples are special cases of
our formula.

“These daily rebalanced LETFs are the focus of this paper. There are some LETFs, or LETPs more
generally, rebalanced in a non-daily frequency, such as monthly-rebalanced LETPs, quarter-
ly-rebalanced LETPs, etc. See [4] [22] [23] and [24] for more details about monthly rebalanced
LETPs.
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mance of the indices underlying LETFs, and these market-specific features of in-
dices could not be reflected by the simulated returns of hypothetical indices with
the normal distribution’. In the context of Chinese A-share market, there are
two evident features relevant to the index performance. First, although the
A-share market is on the way of being more mature and effective, the market
maturity and effectiveness of the market is still at a relatively low level. This fea-
ture could be taken along with few years in the future, especially under the limi-
tations pertaining to the short selling which could impede the price efficiency in
Chinese market®. The other feature relates to the structures and behaviors of in-
vestors in Chinese financial market. From the shareholding structure based on
the circulation market value, the individual investors have accounted for more
than 75% of the total investors in Chinese A-share market, resulting in a market
with highly speculative atmosphere. Such a phenomenon will be more evident
due to the frequent policy intervention imposed on A-share market. All these
mentioned features contribute to the complicated behaviors of securities trading
in Chinese A-share market, such as high volatility and strong comovement. As a
result, there is likely more uncertainty in the performance of LETFs leveraging
Chinese A-share market, which couldn’t be explained by the extant literature
nor be disclosed by any simulation based on a given index return distribution,

such as a log-Normal distribution.

2.3. Literature Review on LETF Performance

In the academic literature, performance is one of the most notable issues of
LETFs. The payoff function of an LETF is a multiple of the underlying asset’s
return over a certain rebalancing period. Since there are often multiple reba-
lancing periods within a holding period, LETF performance is path dependent.
Therefore, pricing LETFs and the relationship between returns of LETFs and the
returns of underlying index can be analyzed mathematically [12] [16] [20].

There are two popular simulation methods in the literature used to examine
LETF performance. One method is to simulate using the actual historical index
returns [4] and the other is to use the Monte Carlo simulation based on an as-
sumed distribution, such as log normal returns [30]. The historical index return
method has the advantage to be objective as the historical returns are unique.
This method also has the advantage that it does not need any distribution as-
sumption of returns. It is well known that stock returns have fatter tails than
typical log-normal distribution, affecting LETF performances. For these reasons,
we adopt the simulation method by using historical index returns.

Simulating the performance of LETFs by employing the return data of the en-

’In our later analyses, we observe high similarity of LETF performance across funds based on the
CSI 300 Index, the Shanghai Composite Index, the Shenzhen Component Index, and the CSI 1000
Index. Moreover, the chart patterns of the historical prices of these four stock indices are highly sim-
ilar to each other. We thus conjecture that there may be some market-specific features of Chinese
markets affecting the performance of Chinese LETFs through the channel of index performance.
8For literature on the relationship between short selling and market quality, see [25] [26] [27], and
[28].
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tire history of Dow Jones Industry Average, [4] confirmed that the general per-
ception regarding the value destruction arising from index return’s path is not
substantiated. Similarly, [5] find bull LETFs benchmarked to the S&P 500 Index
produced much higher return multiple than their given leverage over long in-
vestment horizon. As shown in our later empirical tests, there is much to say
about the performance properties of Chinese LETFs, which are different from
either the performance enhancement documented in [4] and [5] or the value de-
struction warned by the U.S. Securities and Exchange Commission (SEC) and
financial media.

Since LETF performance is highly path dependent, the prior studies on the
performance of LETFs, mainly focusing on the developed markets, could not re-
flect the performance properties of LETFs leveraging the emerging markets’.
This is particularly relevant as the stock indices of emerging markets perform
with more risks and uncertainty than those from developed markets. Even
without taking into account the delivery of leveraged effect of index return, the
index performance can still significantly affect the return deviation of LETFs
over any holding period different from the rebalancing period. Therefore, given
the high possibility of being more volatile for stock indices from emerging mar-
kets than the stock indices from developed markets, the investigation on the
performance of Chinese LETFs can produce different results, which are not do-
cumented in the extant literature. In addition, due to the relatively short history
of LETFs and the increasing availability of LETFs leveraging different markets,
the new evidence of LETF performance based on a rarely explored market can

provide new insight for regulators and potential investors.

3. Data and Variables
3.1. Data Collection

The data for this study are obtained from Wind database and Bloomberg. The
prices of stock indices in the mainland of China are collected from Wind data-
base, and the American indices data are collected from Bloomberg.

Because the CSI 300 Index is the most popular stock index of Chinese main-
land and the most commonly used index of Chinese ETFs, we use it as the un-
derlying index to simulate a set of hypothetical LETFs. When it comes to the
U.S. market, due to the similar reasons and for comparison purposes, we use the
S&P 500 Index as the underlying index of LETFs. In addition, we also use some
other representative stock indices of Chinese market and the U.S. market, in-
cluding the Shanghai Composite Index, the Shenzhen Component Index, and
the CSI 1000 Index from Chinese market, as well as the Dow Jones Industrial
Average Index, the NASDAQ Composite Index, and the Russell 2000 Index from
the U.S. market.

°For instance, [3] [4] [14] [15] [16] [29], and [31] carry out their tests of LETF performance based
on the funds listed on developed countries. Actually, most of these studies use the data of U.S.
LETFs.
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3.2. Variable Definitions

We use the return data of indices underlying LETFs of Chinese and the U.S.
markets. To measure LETF performance, we adopt returns, return deviations,
and leverage of LETFs, following previous literature.

We compute the target return, the naively expected return and the return
deviation of LETFs following [3]". As for the leverage, we calculate the effective
multiple following [4]. In particular, the daily target return is the product be-
tween the target multiple of the LETF and the return on the underlying index.
As shown in Equation (1), we compound the daily target return geometrically to

obtain the target return over multiple holding days.
Target Return :HLI(1+mrk)—1, (1)

where r; is the index return on day & T'is the number of trading days during the
holding period, and m is the target multiple of an LETF.

The naively expected return of an LETF is calculated as the product between
the daily target multiple of the LETF and the cumulative return of the underly-

ing index for any investment horizon, which is given as:

Expected Return = m x (Index Return) = m x (HZZI(I +7)- 1) ) (2)

The return deviation is computed by using the target return less the naively
expected return, and the effective multiple is the ratio of target return to under-
lying index return. Equations (3) and (4) specify the calculation of return devia-

tion and effective multiple, respectively.

Return Deviation = Target Return — Expected Return 3)

Target Return

Effective Multiple = (4)

Underlying Index Return -

To clearly show the calculation of the above performance metrics of LETFs,
we give a simple example as follows. To simplify the expression, we use prefix of
2%, 3%, —1x, —2x and —-3x to indicate the promised multiple of an LETF, cor-
responding to the return multiple of 2, 3, —1, -2 and -3, respectively. If the un-
derlying index of an LETF experiences a return of 10% in a trading day and then
a return of —10% in the next trading day, the index cumulative return is (1 +
10%) x (1 — 10%) — 1 = —1%, the daily target returns of the 2x LETF for the first
day and the next day are 20% and —20%, respectively, and the daily expected re-
turn is the same as the daily target return. However, the target returns over the
two trading days is (1 + 2 x 10%) x (1 — 2 x 10%) — 1 = —4%, differing from the
expected return, 2 x ((1 + 10%) x (1 — 10%) — 1) = —2%. Consequently, the re-

!%Reference [3] constructs a unified model to measure the performance of LETFs. It decomposed the
total return deviation of LETFs into three portions, including the compounding deviation, the NAV
deviation and the residual deviation. Since we only consider the impact of index performance on the
fund performance (the management fees, financing costs and transaction costs are neglected), the
total return deviation in our study is the same as the compounding deviation of [3]. Also, the return
multiple, or the leverage of LETFs, does not equal the actual return multiple stated in [3], but is
computed as the effective multiple stated in [4].
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turn deviation for the fund during this holding period is —4% — (-2%) = —2%,
and the effective multiple is —4% + (—-1%) = 4, totally different from the stated
multiple.

Another alternative way to measure the performance of LETFs is to regress
the fund returns on index returns. In this study, LETF return is approximated by

the target return, so the regression equation is expressed by:

Target return, = o + fBr, +¢. (5)

Based on naive expectation, an LETF should deliver the target multiple of un-
derlying index return in any investment horizon. If the expectation is true, then
a will be zero, and B will equal the promised return multiple of the LETF. In this
study, since the fund returns are over multiple days during which the index per-
formance will distort the fund performance, there may be discrepancy between
constant and zero, and also between f and the promised multiple. How well an
LETF performs relative to the expectation is measured by the significance of a
and the closeness of B to the promised multiple. For each LETF, we run the re-

gression as shown in Equation (5).

4. Performance of Hypothetical LETFs

In this section, we first examine the performance of LETFs leveraging the CSI
300 Index during the entire index history. To provide a benchmark for Chinese
LETFs, we then compare the performance of LETFs across China and U.S. After
that, we test the performance of Chinese LETFs during three recent crisis pe-
riods. Finally, we investigate the relationship between LETFs and their underly-

ing indices.

4.1. Evidence from CSI 300 LETFs

Table 1 shows the summary statistics for the performance of hypothetical LETFs
tracking the CSI 300 Index. We compute the index return, the target return, the
naively expected return, the return deviation and the effective multiple of LETFs.
From April 11, 2005 to June 30, 2020, there are 3700 daily return observations.
As shown in Panel A, the average daily return of the CSI 300 Index is 5.3 basis
points. The standard deviation of the daily return of the CSI 300 Index is
1.719%, showing a high volatility over the history, which is also confirmed by the
wide range of the index returns, from the minimum of —9.24% to the maximum
of 9.342%. The median return is 9 basis points, showing that the CSI 300 Index
experiences positive returns in a majority of trading days. We find a positive re-
turn in 1981 out of the 3700 observations or 53.5% of the time. Due to the posi-
tive mean and median of the index return, the bull funds, on average and often,
experience positive returns in various holding periods, while the bear funds ex-
perience negative average and median returns. It should be noted that, due to the
daily rebalancing nature of LETFs, the mean (median) of an LETF’s daily return
is closely associated with the mean (median) of underlying index’s daily return,

but is not affected by the volatility of the index. However, as we will explain later,

DOI: 10.4236/jmf.2022.123027

506 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027

Y.Z. Huang et al.

Table 1. Performance of LETFs tracking the CSI 300 index during the index’s entire history.

Funds Variables Mean SD Min p25 Median p75 Max N N >0 (%)

Panel A: 1 trading days
R_index 0.053 1.719 -9.240 -0.707 0.090 0.877 9.342 3700 53.5

Panel B: 5 trading days

R_index 0.285 4.042 —22.142 -2.011 0.582 2.642 17.275 3512 55.4

R_target 0.583 8.089 —40.493 —4.108 1.079 5.248 35.607 3512 55.4
R_expected 0.570 8.085 —44.283 —4.023 1.163 5.284 34.551 3512 55.4

2 Deviation 0.013 0.250 -1.238 -0.052 -0.007 0.048 3.790 3512 44.4
Multiple 2.000 0.149 -1.180 1.977 2.002 2.025 3.836 3512 99.9

R_target 0.893 12.149 -55.505 —-6.235 1.522 7.823 54.838 3512 55.3
R_expected 0.855 12.127 —66.425 —6.034 1.745 7.926 51.826 3512 55.4

3 Deviation 0.039 0.749 -3.720 -0.155 -0.021 0.145 10.919 3512 44.4
Multiple 2.999 0.450 —6.863 2.929 3.004 3.073 8.409 3512 99.9

R_target -0.272 4.048 -16.089 —-2.655 —-0.645 1.915 26.413 3512 44.4
R_expected -0.285 4.042 -17.275 —2.642 -0.582 2.011 22.142 3512 44.6

i Deviation 0.012 0.252 -1.420 -0.052 -0.007 0.048 4.272 3512 44.5
Multiple -0.999 0.144 -3.977 -1.022 -0.998 -0.975 0.936 3512 0.2

R_target —-0.533 8.112 -30.887 -5.328 -1.355 3.771 57.612 3512 44.1
R_expected -0.570 8.085 —34.551 —5.284 -1.163 4.023 44.283 3512 44.6

2 Deviation 0.037 0.761 —4.408 -0.157 -0.021 0.144 13.329 3512 44.6
Multiple -1.995 0.429 -10.715 —-2.066 -1.993 -1.925 3.911 3512 0.5

R_target -0.782 12.203 -44.315 -8.019 -2.169 5.568 94.141 3512 43.9
R_expected -0.855 12.127 —-51.826 -7.926 —-1.745 6.034 66.425 3512 44.6

> Deviation 0.073 1.529 -9.074 -0.316 —-0.041 0.287 27.717 3512 44.5
Multiple —2.988 0.851 -19.983 -3.130 -2.983 —2.849 9.030 3512 0.7

Panel C: 22 trading days

R_index 1.350 9.344 -29.968 —4.236 1.541 6.067 33.794 3496 56.9

R_target 2.925 19.127 -52.727 -8.917 2.679 11.893 76.932 3496 56.5
R_expected 2.701 18.688 -59.937 -8.472 3.082 12.133 67.587 3496 56.9

2 Deviation 0.225 1.346 -3.196 -0.305 —-0.058 0.317 9.344 3496 42.4
Multiple 1.999 0.337 —-3.148 1.937 2.004 2.075 4.952 3496 99.6

R_target 4.754 29.499 -69.350 -13.818 3.401 17.606 131.344 3496 55.8
R_expected 4.051 28.033 -89.905 -12.708 4.624 18.200 101.381 3496 56.9

3 Deviation 0.703 4.131 -9.681 -0.912 -0.169 0.962 29.963 3496 42.4
Multiple 2.989 1.009 -12.744 2.803 3.004 3.216 11.835 3496 98.9

R_target -1.161 9.029 -26.157 —-6.240 -1.877 3.926 37.999 3496 42.0

i R_expected -1.350 9.344 -33.794 —6.067 -1.541 4.236 29.968 3496 43.1
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Deviation 0.189 1.264 -3.451 -0.312 -0.062 0.317 8.601 3496 42.2

Multiple -0.991 0.327 -5.618 -1.053 -0.990 -0.917 1.811 3496 1.1

R_target -2.174 17.840 —46.157  —12.547 —4.128 7.553 85.378 3496 41.2
R_expected -2.701 18.688 -67.587  —-12.133 —-3.082 8.472 59.937 3496 43.1

2 Deviation 0.527 3.723 —-10.601 -0.925 —-0.196 0.934 27.799 3496 41.9
Multiple -1.963 0.963 -15.163 —2.147 -1.962 -1.746 6.159 3496 2.0

R_target -3.084 26.502 -61.272  -18.906 —6.600 10.737 144.275 3496 40.1
R_expected —4.051 28.033 -101.381 -18.200 —4.624 12.708 89.905 3496 43.1

3 Deviation 0.967 7.318 -21.382 -1.878 -0.386 1.822 59.888 3496 41.8
Multiple -2.907 1.882 —27.843 -3.277 -2.913 —2.486 12.671 3496 3.0

Panel D: 250 trading days

R_index 24.278 66.747 -70.535 —14.362 6.237 36.899 324.576 3279 56.0

R_target 82.438 239.174  -93.032  -31.364 7.632 70.654  1485.898 3279 54.3
R_expected 48.556 133.494 -141.070 -28.724 12.474 73.798 649.153 3279 56.0

2 Deviation 33.882 114.719  -19.048 —4.006 -0.577 9.706 836.745 3279 46.6
Multiple 2.154 0.882 —-5.531 1.822 2.061 2.447 10.752 3279 98.3

R_target 213.832 694.151  -98.690  —48.081 2.357 92.072  5089.649 3279 50.9
R_expected 72.833 200.241 -211.606 —43.086 18.710 110.697  973.729 3279 56.0

o Deviation 140.999  518.837  -58.233  -11.527 —-0.958 26.651  4115.920 3279 48.4
Multiple 3.541 2.926 -16.734 2.360 3.096 4.261 25.036 3279 94.9

R_target -9.362 36.924 -79.234  -33.029 -10.023 9.305 173.641 3279 36.9
R_expected  -24.278 66.747  —324.576 —36.899 -6.237 14.362 70.535 3279 44.0

i Deviation 14.916 42.754 —-18.083 —4.276 -0.739 9.767 245.343 3279 44.6
Multiple -0.831 0.759 -7.920 -1.061 -0.847 -0.513 8.069 3279 7.1

R_target —-12.760 71.597 -96.196  -58.836  —22.559 12.032 504.045 3279 32.1
R_expected  -48.556  133.494 —649.153 -73.798 -12.474 28.724 141.070 3279 44.0

e Deviation 35.796 102.818  -56.914 -12.419 -2.718 27.680 552.957 3279 44.0
Multiple —1.446 2.082 -19.224 —-2.063 —1.468 -0.626 21.502 3279 12.0

R_target -15.423  106.446  -99.386 -77.508 —36.696 5.639 971.458 3279 27.7
R_expected  -72.833  200.241 -973.729 -110.697 -18.710 43.086 211.606 3279 44.0

> Deviation 57.410 170.537 -112.130 -23.993 —-6.516 51.788 874.343 3279 43.9
Multiple —-1.808 3.697 —29.879 -2.910 -1.825 —-0.552 35.196 3279 16.3

Note: This table reports the summary statistics for the performance of a set of hypothetical LETFs tracking the CSI 300 Index
within the holding period of 1 trading day (Panel A), 5 trading days (Panel B), 22 trading days (Panel C) and 250 trading days
(Panel D). The sample period is from the inception date of the CSI 300 Index (April 11, 2005), to June 30, 2020. R_index, R_target,
and R_expected are the index’s return, the target return and the expected return of investors, respectively. Deviation is the return
deviation defined by Equation (3), and multiple is the effective multiple defined by Equation (4). N is the number of observations,
and N > 0 (%) is the ratio of the number of positive observations to N. All returns and return deviations are denoted in percentage

terms.
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for a holding period longer than a trading day, the case will be different and
complicated.

In Panels B, C and D, we extend the holding period to 5, 22 and 250 trading
days. As shown in Panel B, the returns of underlying index return range from
—22.142% to 17.275%, with the average return of 0.285% and the median return
of 0.582% during 5 trading days. The standard deviation of the index’s return is
4.042%, displaying a high volatility. As shown in the second row of Panel B, the
target returns of the 2x LETF averages at 0.583%, ranging from -40.493% to
35.607%. At the same time, the expected return is 0.57%. These results show that
the target return is actually different from what a naive investor would expect,
which leads to a return deviation. As shown in the fourth row of Panel B, the re-
turn deviation has a positive mean of 0.013%, but a negative median of —0.07%.
These results show that the return deviation, in terms of frequency, is more like-
ly to be detrimental to the performance of the 2x LETF during the sample pe-
riod. As the holding period is not too longer than a trading day, the effective
multiples of all the five LETFs in Panel B are close to their stated multiples. The
rest of Panel B illustrates that the positive mean and negative median of return
deviations also apply to the 3%, —1x, —2x and —3x LETFs. For LETFs in Panels C
and D, a similar conclusion applies to their performance.

Comparing across the panels, as the number of holding days increases, the
returns of bull LETFs increase and those of bear funds decrease. For example, for
3x fund, the average target return increases from 0.16% to 0.895%, 4.75%, and
213.8% during 1, 5, 22, and 250 trading days respectively. Without leverage, the
average returns of 1x fund would be 0.053%, 0.285%, 1.35%, 24.8% during 1, 5,
22, and 250 trading days respectively. Based on these findings, it is clear that the
gap between the 3x fund and the 1x fund gets larger when the holding period
lengthens. The existence of this gap is due to the fact that the LETFs have a daily
rebalancing. It is a bit surprising to observe such a large gap between the average
return of 24.8% for 1x fund and 213.8% for 3x fund. This gap is much larger
than the product multiple of 3 times would predict. To accurately measure this
gap, as previously mentioned, we define the variable of return deviation between
the cumulative return of 3x fund and 3x of the cumulative index returns of the
index. When this return deviation is positive, there is a positive surprise to the
LETF fund holder. For example, as shown in Panel D, the highest return devia-
tion during the 250-trading-day periods is 4115.9%. This return deviation can
also be detrimental to the LETF returns. Actually, the worst return deviation is
—58.2%, showing that the return of 3x fund is much lower than its naively ex-
pected counterpart during the 250 trading days. Across Panels B, C and D, we
find that the return deviation increases as the holding period lengthens. For ex-
ample, the average return deviations of —3x fund change from 0.073% to
0.967%, and further to 57.41% for 5, 22, and 250 holding days respectively,
showing that, on average, the LETFs perform better than the naive expectation

during these holding periods respectively.

DOI: 10.4236/jmf.2022.123027

509 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027

Y.Z. Huang et al.

When comparing the effective multiple of LETFs across Panels B, C, and D,
we find that the discrepancy between the effective multiple and stated multiple is
increasing with the holding period length. For example, the average effective
multiple for —3x fund changes from —2.988, to —2.907, and further to —1.808 for
5, 22, and 250 holding days respectively, suggesting a larger deviation from the
target multiple of —3x as the holding period lengthens.

Collectively, bull Chinese LETFs deliver positive returns during various hold-
ing periods on average. These returns increase as the holding period lengthens.
On the other hand, bear LETFs deliver negative returns on average. Moreover,
both bull and bear LETFs perform better than their naively expected counter-
parts on average during the holding period of a week, a month, and a year.
However, in terms of frequency, both bull and bear funds are likely to under-
perform, relative to their naively expected counterparts, more often for holding
periods of 5 trading days or longer. These results indicate that the performance
of CSI 300 LETFs based on the entire history of index is complicated and cannot
be outlined directly by the performance enhancement documented in [4] and [5]
nor the potential value destruction often warned by regulators and financial me-
dia.

4.2. Using S&P 500 LETFs as the Comparative Counterparts

To provide some context to the Chinese LETFs, in this subsection, we investigate
the relative performance of CSI 300 LETFs benchmarked on the S&P 500 LETFs,
as the U.S. LETFs are mostly studied in the literature. To ease the inconsistency
concern of sample period between the two indices, we match the two samples to
the same period of January 2006 to June 2020 and present the comparison in
Table 2.

Across the two markets, the results of Table 2 show that, the average target
returns and return deviations of all the bull funds written on the CSI 300 Index
are always higher than their counterparts leveraging the S&P 500 Index. Howev-
er, we should not conclude that these Chinese LETFs perform better than U.S.
LETFs, because the means of returns and deviations are easily affected by the ex-
treme observations. In this case, the medians could be more instructive for in-
vestors when judging the investment decisions on the leveraged funds. As shown
in Panels A and B, Chinese bull LETFs deliver higher target returns than the U.S.
counterparts when the holding period is one day or 5 trading days. For example,
the 5-day target returns for 3x Chinese LETF have a median of 1.554%, which is
higher than the median of 1.239% for 3x U.S. LETF counterpart. In contrast, as
shown in Panels C and D, when the holding period lengthens to 22 or 250 trad-
ing days, U.S. bull LETFs actually deliver higher median target returns than their
Chinese counterparts. For example, the 250-day target returns for 3x Chinese
LETF have a median of —5.03%, which is lower than the median of 31.476% for

3x U.S. LETF counterpart. These findings suggest that a 3x Chinese LETF holder
"The first LETF was introduced to the equity market in 2006, so we choose 2006 as the starting year

of the sample period.
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Table 2. Performance comparison of LETFs from January 2006 to June 2020.

CSI 300 LETFs S&P 500 LETFs Difference test
Funds Variables (1) 2) (3) (4) (5) (6) (7) (8)
Mean SD Median Mean SD Median Mean Median
Panel A: 1 trading day
R_index 0.058 1.737 0.092 0.033 1.283 0.069 0.025 0.023
Panel B: 5 trading days
R_index 0.303 4.083 0.597 0.161 2.574 0.440 0.142* 0.157**
R_target 0.619 8.171 1.117 0.304 5.142 0.847 0.315% 0.270**
R_expected 0.606 8.166 1.194 0.322 5.147 0.881 0.285% 0.313**
2 Deviation 0.013 0.255 —-0.007 -0.017 0.204 —-0.003 0.030%** —0.004***
Multiple 2.000 0.150 2.002 1.997 0.360 2.002 0.003 0.000
R_target 0.949 12.274 1.554 0.432 7.709 1.239 0.516** 0.315
R_expected 0.909 12.250 1.791 0.482 7.721 1.321 0.427* 0.470**
o Deviation 0.039 0.765 -0.021 -0.050 0.600 -0.011 0.089%** —0.01%+*
Multiple 2.999 0.455 3.005 2.991 1.071 3.006 0.008 -0.001
R_target -0.290 4.089 -0.676 -0.179 2.585 -0.476 -0.111 —0.200***
R_expected -0.303 4.083 -0.597 -0.161 2.574 —0.440 —0.142* —0.157**
- Deviation 0.013 0.258 -0.007 -0.018 0.217 -0.004 0.031%** —0.003***
Multiple -0.999 0.146 -0.998 -1.002 0.363 -0.998 0.003 0.000
R_target -0.569 8.193 —-1.408 -0.378 5.189 -0.981 -0.19 —0.427***
R_expected —0.606 8.166 -1.194 -0.322 5.147 -0.881 —-0.285* -0.313**
2 Deviation 0.037 0.777 -0.021 -0.057 0.667 -0.011 0.094%** —0.010***
Multiple -1.994 0.433 -1.992 -2.005 1.089 -1.993 0.011 0.001
R_target -0.835 12.325 —-2.245 —0.598 7.825 -1.523 -0.237 —0.722%**
R_expected -0.909 12.250 -1.791 —0.482 7.721 -1.321 —0.427* —0.470**
- Deviation 0.074 1.562 -0.041 -0.116 1.365 -0.022 0.190%** —0.019***
Multiple -2.986 0.859 -2.983 -3.009 2.174 -2.986 0.023 0.003
Panel C: 22 trading days
R_index 1.376 9.452 1.569 0.701 5.058 1.582 0.675%** -0.013
R_target 2.982 19.356 2.719 1.322 10.068 3.067 1.659%** —0.348
R_expected 2.752 18.903 3.139 1.402 10.116 3.163 1.350%** -0.024
2 Deviation 0.229 1.373 -0.059 -0.080 0.633 -0.047 0.309%** -0.012*
Multiple 2.000 0.337 2.004 1.988 0.305 2.002 0.012 0.002
R_target 4.847 29.867 3.462 1.887 14.977 4.391 2.960*** —0.929**
R_expected 4.128 28.355 4.708 2.103 15.174 4.745 2.026%** -0.037
o Deviation 0.719 4.215 -0.174 -0.215 1.854 -0.137 0.934%** —-0.037**
Multiple 2.991 1.013 3.004 2.957 0.901 3.003 0.034 0.001
R_target -1.184 9.126 -1.923 -0.807 5.032 -1.701 -0.376** -0.222
I R_expected -1.376 9.452 -1.569 -0.701 5.058 -1.582 —0.675%** 0.013
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Deviation 0.193 1.289 —-0.065 -0.106 0.677 —0.045 0.299%%* —0.020***
Multiple -0.990 0.326 -0.989 -1.004 0.299 -0.995 0.014* 0.006***
R_target -2.217 18.023 —-4.160 -1.749 9.950 —-3.537 —-0.468 —0.623**
R_expected -2.752 18.903 -3.139 —-1.402 10.116 -3.163 —1.350*** 0.024
2 Deviation 0.535 3.795 —-0.201 -0.347 2.070 -0.138 0.883*** —0.063***
Multiple -1.960 0.958 —-1.962 —-2.005 0.872 -1.982 0.045** 0.020%**
R_target -3.147 26.764 —-6.634 —2.852 14.663 —-5.525 —-0.296 —1.109**
R_expected -4.128 28.355 -4.708 -2.103 15.174 —4.745 —2.026%** 0.037
> Deviation 0.981 7.458 -0.399 —-0.749 4.213 -0.276 1.730%%* —0.123%**
Multiple —-2.899 1.866 -2.911 -2.995 1.681 -2.959 0.095** 0.048***
Panel D: 250 trading days
R_index 21.958 67.539 3.865 8.085 16.203 11.777 13.872%%* —7.912%*
R_target 77.543 243.770 2.368 15.946 32.766 22.399 61.597%%* —20.031*
R_expected 43.915 135.078 7.730 16.171 32.405 23.553 27.744%%* —15.823%**
2 Deviation 33.628 117.438 -1.003 -0.225 4.406 —-0.473 33.852%%* —0.530***
Multiple 2.135 0.918 2.037 1.888 0.728 1.997 0.247%* 0.040***
R_target 207.174 710.181 -5.030 23.751 49.411 31.476 183.423%*  —36.506***
R_expected 65.873 202.617 11.595 24.256 48.608 35.330 41.617%* —23.735%*
3 Deviation 141.301 531.563 —2.347 -0.505 13.194 -1.800 141.806*** —-0.547
Multiple 3.478 3.026 3.012 2.609 2.080 2.943 0.869*** 0.069**
R_target —=7.597 37.108 -8.256 -8.760 14.420 -12.379 1.163* 41230
R_expected -21.958 67.539 —-3.865 -8.085 16.203 -11.777  —13.872%** 7.912%%¢
I Deviation 14.361 43.625 -1.118 -0.675 4.345 -0.209 15.036*** —0.909**
Multiple —-0.841 0.797 -0.873 -1.033 0.711 -0.955 0.192%%* 0.082***
R_target -9.785 72.384 -20.220 —18.643 25.121 -24.616 8.857*** 4.396*
R_expected -43.915 135.078 -7.730 -16.171 32.405 —23.553  —=27.744*** 15.823*
2 Deviation 34.130 104.828 —4.010 —2.472 13.368 —-0.360 36.602* —3.650***
Multiple -1.469 2.189 —1.547 -2.020 1.999 -1.833 0.550+** 0.286***
R_target -11.761 108.171 —34.379 —29.682 30.968 —36.794 17.9210* 24150
R_expected -65.873 202.617 -11.595 —24.256 48.608 —35.330  —41.617**  23.735%**
> Deviation 54.112 173.728 -9.335 —5.425 27.399 -0.124 59.538*** =9.211%*
Multiple -1.839 3.894 -1.941 -2.902 3.662 -2.611 1.063*** 0.670***

Note: This table reports the mean, standard deviation and the median of the performance metrics of hypothetical LETFs tracking
the CSI 300 Index (columns (1) - (3)) and the S&P 500 Index (columns (4) - (6)) within the holding period of 1 trading day (Panel
A), 5 trading days (Panel B), 22 trading days (Panel C) and 250 trading days (Panel D). We also conduct the difference tests of
mean and medians of LETF performance between the CSI 300 LETFs and S&P 500 LETFs (see columns (7) and (8)). The sample
period is from January 2006 to June 2020. For CSI 300 LETFs, the number of observations for Panels A, B, C and D are 3521, 3341,
3325 and 3108, respectively. For S&P 500 LETFs, the number of observations for Panels A, B, C and D are 3647, 3461, 3445 and
3228, respectively. R_index, R_target, and R_expected are the index’s return, the target return and the expected return of inves-
tors, respectively. Deviation is the return deviation defined by Equation (3), and multiple is the effective multiple defined by Equa-
tion (4). All returns and return deviations are denoted in percentage terms. *significant at the 10% level; **significant at the 5%
level; ***significant at the 1% level.
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is more likely to experience a negative cumulative return for a holding period of
one year. In contrary, a 3x U.S. LETF holder is more likely to experience a posi-
tive cumulative return for a holding period of one year.

Examining the medians of return deviations in Table 2, we find that all the
median return deviations are negative for all bull and bear Chinese LETFs,
showing that the target returns are more likely to be less than the naively ex-
pected returns for all Chinese LETFs. In addition, the median return deviation of
Chinese funds is always more negative than that of the corresponding U.S.
funds, indicating that, from January 2006 to June 2020, Chinese LETFs are more
likely to suffer losses from the path of underlying index return, resulting in poor
performance over a long holding period. For the —3x funds, the median return
deviations are —9.335% for Chinese LETF and —0.124% for the U.S. LETF, dif-
fering by more than nine percentage points, as shown in Panel D. Consequently,
the effective multiples of Chinese LETFs display larger deviations to the stated
multiples than those of U.S. LETFs.

To formally test the difference of performance between CSI 300 LETFs and
S&P 500 LETFs, we conduct the mean-difference tests and median-difference
tests of performance metrics of LETFs between the two markets. The results are
shown in the last two columns of Table 2. As shown in Panel A, the difference
tests show that, no matter on means or medians, all the target returns of Chinese
funds are higher than those of U.S. funds, suggesting a better performance in
Chinese funds than in U.S. funds over short holding periods. However, these
results do not hold any more as the holding period lengthens to 22 and 250
trading days. As for the return deviations, almost all the means (medians) of re-
turn deviations of CSI 300 LETFs are significantly more positive (negative) than
those of S&P 500 LETFs, within a holding period of 5, 22 and 250 trading days.
Collectively, the difference test in LETF performance shows that there are indeed
many differences in LETF performance across the two markets. In particular,
Chinese leveraged funds are more appropriate for short-term investment than
their U.S. counterparts but suffer more distortions in fund performance over
long holding periods.

Observing that the results of average return deviations and median return
deviations are opposite, we conduct further analysis to compare the performance
across CSI 300 LETFs and S&P 500 LETFs. Specifically, we regress the target re-
turns of LETFs on the cumulative return of index over LETFs’ holding period of
5,22 and 250 trading days, respectively. The results are presented in Table 3. As
shown in Panel A, over a holding period of 5 trading days, all ten funds have su-
perior performance, indicated by a coefficient very close to the promised return
multiple and an R-squared very close to 1. However, when it comes to the con-
stant, there is a significant difference between each CSI 300 LETF and its coun-
terpart tracking the S&P 500 Index. The constants of all the five CSI 300 LETFs
are positive and significant at 10% level, and the results of S&P 500 LETFs are
significantly negative at the level of 1%. Collectively, these findings suggest that,
over a short holding period, the LETFs tracking the CSI 300 Index can deliver
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Table 3. Regression results of target returns on index returns over various holding periods.

CSI 300 LETFs S&P 500 LETFs
Variables
2x 3% —1x —2x —3x 2x 3% —1x —2x —3x
Panel A: 5 trading days
R_index  2.000%**  3.000%** —0.999%* —1.998%** —2.994%%* 1.996%**  2.986*** —1.001*** —2.000*** —2.994***
(400.75)  (202.58) (-193.17) (-127.05) (-93.94) (307.21) (160.35) (-131.83) (-83.32) (=59.30)
Constant 0.013* 0.039* 0.012* 0.037* 0.072*  —0.017*%* -0.048*%** —0.018*** -0.057*** —0.117***
(1.88) (1.92) (1.76) (1.72) (1.67)  (-2.99)  (-3.00) (-2.91) (-2.87) (-2.84)
R-squared 0.999 0.996 0.996 0.991 0.984 0.998 0.994 0.993 0.983 0.970
Obs. 3341 3341 3341 3341 3341 3461 3461 3461 3461 3461
Panel B: 22 trading days
R_index  2.043*%**  3.131%%* —0.957%%* —1.869*** —2.733%%* 1.987*%*  2.939%%* —0.986*** —1.926*** —2.785***
(149.86)  (74.41) (-76.66) (-51.44) (-38.78) (134.25) (66.68) (-69.25) (-46.13) (-33.89)
Constant ~ 0.170*%*  0.539***  0.133** 0.355** 0.613* -0.070**  -0.172* —0.116"** -0.400*** -0.900***
(2.86) (2.98) (2.34) (2.10) (1.84)  (-2.18)  (-1.85) (=3.34) (=3.76) (-4.17)
R-squared 0.995 0.982 0.982 0.960 0.931 0.996 0.985 0.982 0.958 0.923
Obs. 3325 3325 3325 3325 3325 3445 3445 3445 3445 3445
Panel C: 250 trading days
R_index  3.501*%*  9.604*** —0.442%%* —0.685%** —0.825%** 2.004¥**  2.939%**  —0.860*** —1.431*** —1.632***
(27.98)  (1437)  (-1429) (=9.69)  (=7.47)  (69.03)  (34.60) (=33.12) (=20.89) (-14.28)
Constant 0.671 -3.707 2.115 5.253 6.349 -0.256 -0.016 —1.806*** —7.074%** —16.484***
(024)  (-0.31)  (1.47) (1.37) (0.97)  (-0.71)  (=0.02)  (-5.00) (=7.23)  (-9.91)
R-squared 0.941 0.834 0.648 0.408 0.265 0.982 0.929 0.934 0.852 0.729
Obs. 3108 3108 3108 3108 3108 3228 3228 3228 3228 3228

Note: This table presents the regression results of LETF target returns on index returns over 5 trading days (Panel A), 22 trading
days (Panel B) and 250 trading days (Panel C). The sample period is from January 2006 to June 2020. R_index is the return of
LETFs’ underlying index. Newey-West robust t-statistics are given in parentheses; *significant at the 10% level; **significant at the

5% level; ***significant at the 1% level.

positive excess returns, while the LETFs leveraging the S&P 500 Index deliver
negative excess returns. When holding period lengthens to 22 or 250 trading
days, the coefficients of LETFs seem to deviate from their respective stated mul-
tiples, especially for CSI 300 LETFs. Therefore, since the results in Panels B and
C don’t have the intended tracking multiple, the differences in the constants
between CSI 300 LETFs and S&P 500 LETFs cannot be regarded as the excess
returns like the case in Panel A. Overall, the regression results in Table 3 are
consistent with the findings in Table 2.

To test whether the results are robust, we compute the Sharpe ratios of LETFs,
one of the risk-adjusted performance metrics of funds, and then again compare
between CSI 300 LETFs and S&P 500 LETFs. The results are presented in Table

4. For the purpose of comparison across different holding periods, we annualize
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Table 4. Sharpe ratios of LETFs over a long history.

CSI 300 LETFs S&P 500 LETFs

Funds (1) () 3) 4) ) (6) (7) (8)

lday 5days 22days 250days 1day 5days 22days 250 days
Panel A: based on rolling observations
2X 0.485 0.478 0.466 0.299 0.378 0.377 0.395 0.434
3x 0.500 0.500 0.503 0.280 0.387 0.364 0.385 0.432
—1x -0.618 -0.585 -0.516 -0.277 -0.461 -0.548 -0.607 -0.678
—2x -0.574 -0.534 -0.457 -0.178 -0.433 -0.543 -0.628 —0.787
-3x -0.559 -0.512 -0.430 -0.143 -0.424 -0.558 -0.682 —1.000
Panel B: based on non-rolling observations

2X 0.485 0.490 0.489 0.401 0.378 0.380 0.396 0.439
3x 0.500 0.516 0.518 0.409 0.387 0.361 0.367 0.444
—1x -0.618 -0.575 -0.541 -0.339 -0461 -0.581 -0.724 -0.607
—2x -0.574 -0.518 -0.472 -0.300 -0.433 -0.586 -0.794 -0.695
—3x -0.559 -0.488 -0.429 -0.370 -0.424 -0.614 -0.907 -0.943

Note: This table presents the annual Sharpe ratio of hypothetical LETFs tracking the CSI
300 Index (columns (1) - (4)) and the S&P 500 Index (columns (5) - (8)) within the hold-
ing period of 1, 5, 22 and 250 trading day/days. The sample period is from January 2006
to June 2020. Panel A is based on rolling observations and Panel B is based on non-rolling
observations. The risk-free rate of Chinese market is attained from RESSET database and
for U.S. market, the risk-free rate is collected from Kenneth French’s web site at Dartmouth.

all the ratios. As shown in the table, the results computed by rolling returns are
very close to those based on non-rolling results. The results in Panel B show that,
only the bull LETFs have positive Sharpe ratios and all the bear funds have nega-
tive Sharpe ratios. Across the two types of funds leveraging different market in-
dices, the bull Chinese funds seem to have higher positive risk-adjusted returns
than their U.S. counterparts over the holding periods of 1, 5, and 22 trading
day/days. Interestingly, this result reverses when the holding period lengthens to
250 trading days. Nevertheless, these results are consistent with our previous
analyses, which support that Chinese LETFs tend to perform better than U.S.
LETFs in short holding periods while the result reverses in long holding periods.

The better performance of CSI 300 LETFs over short holding period is due to
the higher possibility of extreme observations in the returns of the CSI 300 Index
relative to those of the S&P 500 Index. As documented in [4], compared to the
normal distribution, the more leptokurtic distribution of actual index results in
more performance enhancement of LETFs'”. Applying this proof to our cases,
since the observations of kurtosis of daily returns on the CSI 300 Index during

5-trading-day holding period are more likely to be higher than that those on the

2This beneficial effect is generated from the high density of distribution around the positive mean of
daily index return and the positive return following the increased exposure which is required by the
previous positive return on the underlying index.
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S&P 500 Index, it is reasonable to expect a better performance of CSI 300 LETFs
over that 5 holding period". Similarly, it is natural to observe an inversed result
over the holding period of 250 trading days since we do observe a lower mean
kurtosis of the daily returns for CSI 300 in this long holding period.

Based on the empirical analysis in this subsection, we draw the following con-
clusions On Chinese LETFs. A high volatility of underlying index does not nec-
essarily correspond to poor LETF performance, and the cumulative return of
index can also play a key role on the net effect on LETF performance. Therefore,
estimating the net effect of index on LETF performance is not a simple nor easy
task. In our performance comparison, although the volatility of the CSI 300 In-
dex is higher than that of the S&P 500 Index, CSI 300 LETFs perform better than
S&P 500 LETFs for short holding period. In contrast, S&P 500 LETFs perform
better than CSI 300 LETFs for longer holding time periods. On one hand, these
findings alleviate the concern that high volatility of index is necessarily linked
with LETF poor performance, and LETFs leveraging the Chinese A-share market
seem to display a complicated performance due to the characteristics of stock
market index. On the other hand, it inspires us to investigate the explicit quan-
titative relationship between index return and index volatility, which is instruc-

tive to market participants.

4.3. Performance of Chinese LETFs during Crisis Periods

As the demand to trade LETFs often increases when there could be large changes
in the index returns, we examine the performance of Chinese LETFs during cri-
sis periods. In particular, the entire history of the underlying indices allows us to
investigate the 2008 U.S. financial crisis period, the 2015 Chinese stock market
crash period, and the 2020 COVID-19 pandemic period'*. Unlike the perfor-
mance of LETFs based on the entire history of index, the tests based on a short
interval don’t always allow for the holding period of 250 trading days during the
crisis period. Therefore, in this subsection, we only conduct the tests on fund
performance over the holding periods of 1, 5, and 22 trading day/days.

The results during the 2008 financial crisis period are shown in columns (1) -
(3) of Table 5. Following [4], this crisis period is set from October 2007 to
March 2009. The standard deviation of daily return for the CSI 300 Index is
2.816%, higher than that based on a long history of index (as shown in Table 1:
1.719%). This higher volatility of index is also associated with a more negative
return deviation of LETFs in the same holding period. For example, except for
the 3x fund during a holding period of 22 trading days, all the other medians are
negative, suggesting that index performance is more likely to be detrimental to

the performance of these LETFs during the financial crisis of 2008.

“In our untabulated results, the mean kurtosis of daily index return on the CSI 300 Index during 5
trading days is 3.291, and 3.172 for the counterparts on the S&P 500 Index, both of which are higher
than 3, the kurtosis of the normal distribution. The corresponding values are 5.23 and 5.849 when
the holding period lengthens to 250 trading days.

"“We choose February 2020 to be the beginning month because the pandemic was known to the
public in the end of January.
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Table 5. Performance of Chinese LETFs during financial crisis periods.

2008 financial crisis 2015 Chinese market crash 2020 COVID-19 pandemic
Funds Variables

Mean SD Median Mean SD Median Mean SD Median

Panel A: 1 trading day
Index return  -0.181 2.816 -0.114 —-0.246 2.801 0.018 0.051 1.575 0.180

Panel B: 5 trading days

R_index —-0.999 6.463 -1.978 -1.357 6.158 —-0.287 0.447 3.196 1.115

R_target —-1.965 12.856 —4.416 —2.698 12.093 —-0.614 0.896 6.341 2.216
R_expected -1.997 12.926 —3.956 -2.713 12.316 -0.573 0.893 6.393 2.230

2 Deviation 0.032 0.466 -0.025 0.015 0.555 -0.037 0.003 0.168 -0.003
Multiple 2.011 0.163 2.000 1.973 0.136 1.994 1.999 0.070 2.002

R_target -2.901 19.197 =7.095 —4.018 17.827 -0.980 1.348 9.441 3.303
R_expected —2.996 19.390 —5.934 —4.070 18.474 —0.860 1.340 9.589 3.345
3X Deviation 0.095 1.390 -0.075 0.052 1.638 —-0.111 0.008 0.504 -0.010
Multiple 3.028 0.486 2.992 2916 0.409 2.981 2.997 0.212 3.005
R_target 1.030 6.553 1.701 1.366 6.404 0.245 —0.442 3.255 -1.174
R_expected 0.999 6.463 1.978 1.357 6.158 0.287 —-0.447 3.196 -1.115

o Deviation 0.032 0.476 —-0.034 0.009 0.586 —-0.041 0.005 0.168 -0.003
Multiple —0.986 0.164 —-0.997 -1.023 0.136 —-1.005 —1.000 0.069 —0.998

R_target 2.092 13.216 3.001 2.733 13.080 0.401 —-0.878 6.577 -2.369
R_expected 1.997 12.926 3.956 2.713 12.316 0.573 —-0.893 6.393 —2.230

2 Deviation 0.095 1.441 —-0.098 0.020 1.792 -0.129 0.015 0.506 -0.008
Multiple -1.953 0.494 —-1.988 —-2.066 0.407 -2.013 —-2.000 0.208 —-1.994

R_target 3.186 20.011 3.968 4.094 20.058 0.249 -1.307 9.971 -3.590
R_expected 2.996 19.390 5.934 4.070 18.474 0.860 —1.340 9.589 —3.345
> Deviation 0.191 2.908 —0.188 0.024 3.661 —-0.280 0.033 1.015 —-0.014
Multiple —-2.900 0.991 —2.969 —-3.123 0.814 -3.025 —2.998 0.414 —2.986

R_index —4.942 12.877 —6.251 —6.312 11.463 —6.617 0.464 6.449 2.485

Panel C: 22 trading days

R_index —4.942 12.877 —6.251 —4.226 7.291 —4.060 -0.716  —-2.191**  -4.226

R_target -9.599 25.117 -13.613  -12.409 21.978 —14.499 0.906 12.865 4.736
R_expected —-9.885 25.754 -12.502  -12.623 22.925 —13.233 0.928 12.898 4.969

2 Deviation 0.286 2.073 —0.061 0.214 1.749 —-0.262 —-0.022 0.376 —-0.047
Multiple 1.954 0.450 1.953 1.986 0.346 1.968 1.972 0.111 1.989

R_target -13.899 36.865 —22.405 -18.122 31.525 —22.428 1.344 19.208 6.740
R_expected  —-14.827 38.631 -18.754  -18.935 34.388 —-19.850 1.391 19.347 7.454

3X Deviation 0.928 6.160 0.117 0.812 5.175 -0.725 —-0.048 1.143 —-0.155
Multiple 2.837 1.329 2.836 2931 1.035 2.883 2.906 0.336 2.956
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Continued

R_target 5.126 13.626 5.033 6.304 12.332 5.632 -0.508 6.436 -2.779
R_expected 4.942 12.877 6.251 6.312 11.463 6.617 -0.464 6.449 —2.485

i Deviation 0.184 2.139 -0.392 -0.007 1.787 —-0.345 -0.044 0.364 -0.090
Multiple -1.016 0.452 -1.022 -0.987 0.339 -1.010 -1.019 0.106 -1.006

R_target 10.301 28.083 8.207 12.338 25.395 10.421 —1.085 12.808 -5.679
R_expected 9.885 25.754 12.502 12.623 22.925 13.233 -0.928 12.898 -4.969

2 Deviation 0.416 6.490 -1.475 -0.285 5.366 -1.191 —0.158 1.086 -0.277
Multiple -2.015 1.337 -2.033 -1.932 0.998 -1.996 -2.049 0.315 -2.008

R_target 15.354 43.423 10.147 17.812 38.998 13.875 -1.760 19.060 -8.687
R_expected 14.827 38.631 18.754 18.935 34.388 19.850 -1.391 19.347 —7.454

> Deviation 0.527 13.121 -3.124 -1.123 10.709 —2.538 -0.369 2.162 —0.495
Multiple -2.962 2.623 -3.008 -2.809 1.949 -2.937 -3.080 0.623 -2.987

The results during the 2015 Chinese market crash period (June 2015 to Feb-
ruary 2016) are similar to those during the 2008 financial crisis period. As shown
in columns (4) - (6), the median daily return of the CSI 300 Index is positive. In
most cases, the bull (bear) LETFs on the CSI 300 Index register negative (posi-
tive) returns. As for the return deviation, all the median values are negative but
seven of the ten average values are positive, similar to the results based on the
history of index.

When it comes to the 2020 COVID-19 pandemic period (June 2015 to Febru-
ary 2016), the results seem to be quite different with those during the 2008 fi-
nancial crisis period and the 2015 Chinese stock market crash period. As shown
columns (7) - (9), the CSI 300 Index cumulative returns over 1, 5 and 22 trading
day/days are positive on average and in terms of frequency, resulting in positive
mean and median returns of LETFs. However, the positive return does not mean
positive return deviations. Actually, due to a high volatility of index return, all
the median return deviations of CSI 300 LETFs are negative. In our untabulated
results related to the performance of the S&P 500 Index LETFs during the same
period, we observe that the mean return of each bull (bear) fund is negative
(positive), against the results of CSI 300 LETFs. It suggests that Chinese market
indices are not affected as severely as the U.S. market indices by the pandemic.

As shown in Table 6, our further tests on the Sharpe ratios of Chinese LETFs
during the three financial crisis periods reveal that it is highly profitable for in-
vestors to substitute the bull LETFs with bear LETFs during the 2008 financial
crisis period and the 2015 Chinese market crash period. Very high Sharpe ratios
occur to the bear funds during the two periods. Specifically, the highest Sharpe
ratio during a long history of the CSI 300 Index is 0.518 (3x CSI 300 funds in
Table 4 over the holding period 22 trading days based on the non-rolling obser-
vations), while the three bear funds during the two crises registered Sharpe ratios
around 1. However, the results during the 2020 COVID-19 pandemic period are
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Table 6. Sharpe ratio of Chinese LETFs during crisis periods.

2008 financial crisis 2015 Chinese market crash 2020 COVID-19 pandemic
Funds 1 ) 3) (4) ) (6) ™) ®) ©)
1 day 5 days 22 days 1 day 5 days 22 days 1 day 5 days 22 days

2x -1.048 -1.100
3x -1.038 -1.090
-1x 0.962 1.009
—2X 0.990 1.034
-3x 1.000 1.038
2x -1.048 -1.116
3x -1.038 -1.147
-1x 0.962 0.919
—2X 0.990 0.918
-3x 1.000 0.900

Panel A: based on rolling observations

-1.302 -1.421 -1.582 -1.900 0.493 0.944 0.194
-1.289 -1.413 -1.596 -1.935 0.502 0.959 0.199
1.155 1.349 1.423 1.619 -0.573 —-1.006 -0.323
1.143 1.373 1.413 1.556 —-0.546 -0.965 -0.316
1.100 1.381 1.382 1.463 -0.537 —0.942 -0.335

Panel B: based on non-rolling observations

-0.633 -1.108 -1.319 -1.808 0.493 0.484 0.500
—-0.546 -1.102 -1.356 -1.882 0.502 0.456 0.427
0.767 1.052 1.123 1.315 -0.573 -0.677 —-0.846
0.841 1.071 1.111 1.175 —-0.546 -0.678 —-0.890
0.886 1.077 1.085 0.971 -0.537 -0.697 -0.961

Note: This table presents the annual Sharpe ratio of hypothetical LETFs tracking the CSI 300 Index within the holding period of 1,
5, and 22 trading day/days during three typical crisis periods. Columns (1) - (3), (4) - (6), and (7) - (9) present the results during
the 2008 financial crisis, 2015 Chinese stock market crash, and 2020 COVID-19 pandemic, respectively. Panel A is based on roll-
ing observations and Panel B is based on non-rolling observations. The risk-free rate of Chinese market is attained from RESSET

database and for U.S. market, the risk-free rate is collected from Kenneth French’s web site at Dartmouth.

quite different, with positive Sharpe ratios in bull funds and negative Sharpe ra-
tios in bear funds. These results are consistent with the evidence shown in Table
5 implying that the performance of Chinese market indices does not experience
too many changes during the pandemic.

Collectively, the tests of LETF performance during the three crisis periods
show that LETF performance will be distorted severely if the underlying index is
highly fluctuating. Moreover, contrary to the results based on a long history of
index, bull funds tend to have negative returns and bear funds tend to have posi-
tive returns during the crisis periods. Among the three crisis periods, the returns
of CSI 300 LETFs seem to be dragged down most during the 2015 Chinese stock

market crash period.

4.4. Index Performance and LETF Performance

In the previous analyses, we find that the sample LETFs perform better than
naive expectation sometimes, but worse in other time, due to the compounding
effect. This compounding effect is also important to the comparison across the
two countries. In this subsection, to provide some guidance to investors, we fur-
ther explore the explicit conditions of index returns for them to benefit the fund
performance in general.

Before carrying out the further investigation on the association between LETF
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performance and index performance, we wonder whether the impact of index
performance accounts for a significant part of the total return deviation in the
actual LETFs. To address this issue, we compute the absolute ratio of com-
pounding deviations to the NAV return deviation of a batch of the earliest listed
LETFs in the world. The sample period is from 6/20/2006 to 6/30/2020. The
NAV deviation is the difference between NAV return and target return of
LETFs. Therefore, the ratio we computed can tell which deviation dominates in
the total return deviation. We compute the ratios in 5, 22, 250 holding periods,
respectively, and all results are winsorized at the 1% tails. The results are shown
in Table 7.

As shown in Table 7, all the mean ratios are greater than one, indicating that
the compounding deviation over multiple days is the main component of return
deviation. As the holding periods lengthen, the compounding deviations seem to
account for more of the total return deviations. With that in mind, it is likely
that the compounding deviations in Chinese potential LETFs are likely to be more
pronounced given the higher volatility of stock indices in Chinese A-share market.

LETF performance vitally depends on the return path of the underlying index
[20]. When the target return exceeds the expected return, or when the return
deviation is positive, the index return’s path benefits the fund performance and
vice versa. Building on the analyses of [12], we model the relationship between
LETF performance and index performance, and present the detailed derivation
in Appendix.

According to the derivation in Appendix, there must be just two critical val-
ues of index returns corresponding to the zero return deviation". In order to

figure out these two critical values, we let Equation (A6) be zero:

(1+R,)m exp(%(m—mQ)azt]—l—mR, =0, (6)

where R; and o, are the cumulative return and the variance of the underlying
index return during time £ respectively.
The approximate values of the two critical returns'®, which are denoted as R,
and R, are given as the following two expressions, respectively:
—m(a—l)+\/m(a —1)[m(a—1)—2a(m—1)]
R, = , )
am (m - 1)
-m(a —1)—\/m(a ~1)[m(a-1)-2a(m-1)]
- 1) ’

“Although the derivations presented in Appendix are based on the assumption that rebalancing

R. =

c2

(8)

am(m

happens continuously over time, we can use the results to approximately estimate the threshold le-
vels of index returns, above which the LETFs can deliver a return higher than the naively expected
level given a specific return volatility, since the daily rebalancing period is very short relative to the
multi-day holding period.

!“There is no explicit root for Equation (6). We hence use a second-order Taylor expansion to get the
two approximate real roots of Equation (6). A detailed derivation of these two approximate roots is
available upon request. Although these two values are not the precise roots, they help us judge the
sign of return deviation.
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Table 7. The ratio of compounding deviation to NAV deviation of the LETFs.

Holding days Mean S.D. Min p25 p50 p75 Max N
SSO: multiple = 2, benchmarked on the S&P 500 Index
5 2.50 7.20 0.00 0.14 0.46 1.55 74.92 3457
22 2.43 6.44 0.01 0.25 0.63 1.77 73.51 3441
250 6.50 17.25 0.02 0.41 0.93 2.24 173.30 3217
DDM: multiple = 2, benchmarked on the Dow Jones Industrial Average Index
5 1.57 4.17 0.00 0.09 0.32 1.03 47.03 3456
22 1.73 4.35 0.01 0.19 0.51 1.26 48.55 3440
250 2.06 3.78 0.01 0.27 0.63 1.57 27.93 3217
QLD: multiple = 2, benchmarked on the NASDAQ-100 Index
5 3.65 9.34 0.01 0.28 0.86 2.86 111.60 3457
22 5.31 11.81 0.02 0.52 1.45 4.50 126.40 3439
250 6.49 8.77 0.06 1.37 3.41 6.92 59.36 3217
MVV: multiple = 2, benchmarked on the S&P MidCap 400 Index
5 3.28 7.68 0.01 0.27 0.81 2.53 76.53 3458
22 4.77 10.96 0.03 0.56 1.43 4.06 111.40 3441
250 5.77 14.88 0.03 0.74 1.61 4.39 157.10 3218
SH: multiple = -1, benchmarked on the S&P 500 Index
5 1.71 1.71 1.71 1.71 1.71 1.71 1.71 1.71
22 1.30 1.30 1.30 1.30 1.30 1.30 1.30 1.30
250 1.75 1.75 1.75 1.75 1.75 1.75 1.75 1.75
DOG: multiple = —1, benchmarked on the Dow Jones Industrial Average Index
5 1.49 1.49 1.49 1.49 1.49 1.49 1.49 1.49
22 1.47 1.47 1.47 1.47 1.47 1.47 1.47 1.47
250 1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69
PSQ: multiple = -1, benchmarked on the NASDAQ-100 Index
5 3.23 3.23 3.23 3.23 3.23 3.23 3.23 3.23
22 2.22 2.22 2.22 2.22 2.22 2.22 2.22 2.22
250 4.82 4.82 4.82 4.82 4.82 4.82 4.82 4.82
MYY: multiple = -1, benchmarked on the S&P MidCap 400 Index
5 2.36 2.36 2.36 2.36 2.36 2.36 2.36 2.36
22 1.69 1.69 1.69 1.69 1.69 1.69 1.69 1.69
250 2.63 2.63 2.63 2.63 2.63 2.63 2.63 2.63

Note: This table presents the summary statistics of the ratio of absolute compounding deviation to absolute NAV deviation of a
batch of the earliest listed LETFs in the world. All these eight LETFs are listed in the U.S. market. The sample period is from
6/20/2006 to 6/30/2020. The compounding deviation is the discrepancy between target return and the expected return of naive

investors, and the NAV deviation is the difference between NAV return and target return of LETFs. Therefore, the ratio we com-
puted can tell which deviation dominates in the total return deviation computed by the difference between NAV return and ex-
pected return. We compute the ratios in 5, 22, 250 holding periods, respectively, and all results are winsorized in at the 1% tails.
All deviations are denoted in percentage terms.
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where ais given as:
1 2 2
a=exp| —\m—m")toc” |. 9
p(z( ) j ©)

Given that m > 1 or m < 0, Equation (7) is always positive and Equation (8) is
always negative, implying that there are always two critical returns correspond-
ing to the zero-value of LETF return deviation, one of which is positive and the
other is negative. It also means that, in order to benefit LETF performance, the
underlying index has to exceed the positive critical return (R,) for bull funds, or
accumulate a return more negative than the negative critical return (R,) for bear
funds.

Let m equal 2 or —2, we find that our formulas are equivalent to the expres-
sions of break-even levels of index proposed by [20], indicating that our formu-
las of critical returns are applicable and general, and the two given numerical
expressions of [20] can be included in our extensive formulas.

As shown by the derivation and analysis above, now we can assume that the
graph function of return deviation with respect to the index return is approx-
imately U-shaped when the index returns range from —1 to 1'7. This property of
return deviation makes it very easy to understand the clear quantitative rela-
tionship between index performance and LETF performance.

Figure 1 helps us intuitively understand the impact of index performance on
LETF performance. In this figure, we set the variances of the index daily returns
to 4 in the left three graphs and 2 in the right three graphs. Indeed, as shown in
Figure 1, each line is U-shaped and crosses the zero-line of return deviation
twice when the return of index ranges from —1 to 1. The two critical returns
corresponding to the break-even level of return deviation divide the graph of
return deviation into three parts. These geometrical characteristics reveal that
the magnitude of return deviation depends on the return difference between the
index return during the holding period and the apex return of the graph, and the
direction of return deviation depends on the range where the return of underly-
ing index lies and which is specified by the two critical returns. In addition, the
lines in Figure 1 are not symmetric around the zero-line of index return, indi-
cating that the two critical returns are not the inverse to each other. More im-
portantly, Figure 1 intuitively shows that a bull (bear) fund has to accumulate a
positive (negative) return higher (less) than the positive (negative) critical return
to benefit the fund performance.

To provide market participants general cases about the impact of index on
LETF performance for references, given a set of variances of index daily return
(0.5, 1, ..., 9.5, 10) during the holding period of 5, 22 and 250 trading days, we
compute the corresponding values of return that index needs to accumulate to

offset the negative effect of these given variances. Since most of the variances of

"We specify the range of index return from —1 to 1, because we use Taylor expansion to solve Equa-
tion (6) and the actual return is no less than —1. In our later empirical analysis, all the actual returns
of our sample indices are not exceeding 100% during the holding period, indicating that the range
which we specify is very applicable to the actual returns of index.
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Figure 1. Plot of return deviation over the return of index. Note: This figure illustrates the relationship

between the return deviations of LETFs and the returns of index, given the standard deviations of in-
dex return (4 percent for left plots and 2 percent for right plots). The holding periods are 5, 25, and
250 trading days for Graphs A, B, and C, respectively. The horizontal axis shows the return of the in-
dex, and the vertical axis shows the return deviation. Given the return of index, the target return, the

holding period and a constant variance of index daily return during the holding period, the return devia-

tion is computed by the following equation: Return deviation =(1+ R, )" exp((m -m’ )Uzt/ 2) -1-mR,,

where m is the stated multiple of LETFs, ¢is LETF holding period of LETFs, R, is the index return over
t, and ois the standard deviation of LETFs.
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index daily returns are always in the range from 0 to 10, we compute the critical
returns based on the variances in this range. Because investors who wish to trade
on the upward (downward) movement of index will buy bull (bear) LETFs, we
only report the positive (negative) critical returns for bull (bear) LETFs. These
critical returns are computed via Equations (7) or (8). The results are presented
in Table 8. In Panel A, for the 2x funds, the critical returns for variances of 0.5
and 10 are 1.61% and 7.6%, respectively, with a difference of 5.99%. Comparing
the critical returns across 2%, 3x and —3x funds with the same volatility during
the same holding period, such as 5 in Panel C, the absolute values increase from
28.34% to 32.69%, and then to 34.43%. Given the same target leverage and the
same volatility, such as 3x fund with a variance of 5, when the holding periods

Table 8. What extent of return should the underlying index reach to benefit LETF performance?

Variance 2x  3x -Ix -2x -3x  2X 3X —1x —2X —3X 2X 3% —1x —2X —3X
Panel A: 5 trading days Panel B: 22 trading days Panel C: 250 trading days
0.5 1.61 1.62 -1.59 -1.61 -1.62 343 349 -337 -343 -349 760 7.89 -733 -7.62 -7.93
1.0 229 231 -226 -229 -231 492 504 -4.80 -492 -505 11.08 11.71 -10.54 -11.14 -11.81
1.5 2.82 286 -2.78 -2.82 -2.86 6.09 628 -592 -6.10 -6.29 13.90 1490 -13.07 -14.02 -15.10
2.0 326 332 -321 -327 -332 710 735 -6.86 -7.11 -7.38 1638 17.78 -1526 -16.57 -18.11
2.5 366 373 -3.60 -3.67 -3.74 800 833 -7.71 -8.02 -836 18.64 20.47 -17.23 -18.92 -20.96
3.0 4.03 411 -395 -4.03 -4.11 8.83 923 -848 -886 -9.28 20.76 23.04 -19.04 -21.13 -23.72
3.5 4.36 4.46 -4.27 -437 -447 9.60 10.07 -9.19 -9.64 -10.14 2277 2553 -20.74 -23.25 -26.42
4.0 4.68 479 -4.58 -4.68 -4.80 10.33 10.87 -9.85 -10.38 -10.96 24.69 2795 -22.35 -25.30 -29.10
4.5 498 510 -4.86 -4.98 -5.11 11.02 11.64 -10.48 -11.08 -11.74 26.55 30.34 -23.88 -27.29 -31.76
5.0 526 540 -5.13 -5.27 -5.41 11.68 1238 -11.08 -11.75 -12.50 28.34 32.69 -25.35 -29.24 -34.43
55 553 569 -539 -5.54 -5.70 1232 13.10 -11.66 -12.40 -13.24 30.10 35.02 -26.77 -31.15 -37.11
6.0 579 596 -5.63 -5.80 -597 1293 13.80 -12.21 -13.03 -13.96 31.81 3733 -28.15 -33.04 -39.81
6.5 6.04 6.23 -587 -6.05 -6.24 13.53 1448 -12.74 -13.64 -14.66 3349 39.64 -29.49 -3491 -42.54
7.0 6.28 6.48 -6.10 -6.29 -6.50 14.11 15.14 -13.26 -14.23 -15.35 35.14 4194 -30.80 -36.77 -45.30
7.5 6.52 6.73 -6.32 —-6.53 -6.75 14.67 1579 -13.76 -14.81 -16.03 36.76 44.24 -32.07 -38.61 -48.11
8.0 6.74 698 -6.53 -6.76 -7.00 1522 16.43 -14.24 -1537 -16.69 38.37 46.55 -33.32 -40.44 -50.95
8.5 697 721 -6.74 -6.98 -7.24 1576 17.05 -14.72 -1593 -17.35 39.95 4886 -34.55 -42.27 -53.85
9.0 718 7.44 -6.95 -7.20 -7.47 1628 17.67 -15.18 -1647 -17.99 41.52 51.18 -3576 -44.10 -56.81
9.5 739 7.67 -7.14 -7.41 -7.70 16.80 18.27 -15.63 -17.00 -18.63 43.07 53.52 -36.94 -45.92 -59.82
10.0 760 7.89 -7.33 -7.62 -7.93 17.30 18.87 -16.07 -17.53 -19.26 44.61 55.86 -38.11 -47.75 -62.89

Note: This table presents the positive (negative) critical return of the underlying index for bull (bear) LETFs, given the target mul-

tiple, the holding period of fund and the expected daily return volatility of the underlying index. The results based on a holding

period of 5, 22 and 250 trading days are shown in Panels A, B and C, respectively. The expected variance of index return is given at

twenty different level, from 0.5 to 10. The critical return is the extent of return that an index underlying an LETF should reach in

order to benefit the fund performance. All returns are denoted in percentage terms.
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change from 5 to 22, and then to 250 trading days, the critical returns change
from 5.40% to 12.38%, and then to 32.69%'".

Collectively, based on the above analyses in subsection 4.4, we can draw the
following conclusions. First, to benefit LETF investors and LETF performance, a
bull (bear) fund has to accumulate a return higher (lower) than the positive
(negative) critical return. Second, to offset the negative effect of index volatility
during the holding period of LETFs, ceteris paribus: 1) LETFs with higher leve-
rage require more cumulative return of index; 2) With the same magnitude of
promised multiple, bear funds require more absolute return of index than the
corresponding bull funds; 3) LETFs over longer holding periods require more
cumulative return of index. Last, within a long holding period, even a small dif-
ference between index volatility can cause a substantial negative effect on LETF

performance.

5. Additional Tests

5.1. Performance of LETFs on Other Chinese Indices

We also simulate the performance of LETFs on some other representative stock
indices in Chinese A-share market, including the Shanghai Composite Index, the
Shenzhen Component Index, and the CSI 1000 Index. The results, which are
available upon request, are consistent with the results based on the CSI 300 In-
dex. In addition, the chart patterns of the historical prices of these four Chinese
stock indices are highly similar to each other. We thus conjecture that there may
be some market-specific features of Chinese markets affecting the performance

of Chinese LETFs through the channel of index performance.

5.2. Performance of U.S. LETFs during Financial Crises

We also examine the performance of LETFs on the S&P 500 Index during these
crisis periods and compare the results between CSI 300 LETFs and S&P 500
LETFs. The results are available upon request. For S&P 500 LETFs, the impact of
index path during the 2020 COVID-19 crisis period on LETF return is no less
than the impact during the 2008 financial crisis period, which can be explained
by the substantial turbulence in U.S. market during the first half of 2020.

5.3. Multi-Day Return and Return Variance

As cumulative index return and the variance of daily returns are the two most
important factors to determine whether an LETF will outperformance its native
expectation during a multiple-day holding period, we present the key summary

statistics for these two variables on the most prevailing stock indices in the two

¥We compute the critical returns and compare the results between the two markets. We use the
historical mean and median of index return variance respectively during the period from January
2006 to June 2020 to represent the expected index return volatility. The results are not reported but
available upon request, and they suggest that the characteristics in Chinese LETFs and the differenc-
es of fund performance between Chinese and U.S. LETFs are the reflections of the quantitative rela-
tionship between the index performance and LETF performance.
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countries. In particular, these indices include the CSI 300 Index, the Shanghai
Composite Index, the Shenzhen Component Index, and the CSI 1000 Index
from Chinese market, as well as the S&P 500 Index, the Dow Jones Industrial
Average Index, the NASDAQ Composite Index, and the Russell 2000 Index from
the U.S. market. The results are available upon request. The most important re-
sult that is critical to multiple-day LETF performance is that all four Chinese
stock indices experience a much higher volatility than the four U.S. stock indices
within 5, 22, and 250 trading days.

6. Conclusions and Policy Implications

The main objective of this study is to examine the performance behaviors of
Chinese LETFs which are designed to track totally different underlying indices
relative to the extant literature on LETFs tracking indices from developed finan-
cial markets. Overall, our study not only provides a comprehensive and detailed
understanding on the performance of LETFs leveraging Chinese A-share mar-
ket, but also yields several interesting results. In particular, the performance of
Chinese LETFs cannot be outlined directly by the performance enhancement
documented in [4] and [5] nor the potential value destruction often warned by
regulators and financial media. Moreover, Chinese LETFs seem to have more
superior performance than U.S. LETFs over short holding periods but this result
reverses over long holding periods, thereby alleviating the concern that high vo-
latility of index is necessarily linked with poor LETF performance. The tests
during the crisis periods show bear LETFs are indeed very likely to register posi-
tive returns in the crises while the bull funds tend to register negative returns,
contrary to the results in normal time. However, the tests over the recent
COVID-19 pandemic show that the performance of Chinese LETFs did not seem
to be affected as severely as the U.S. LETFs. All these results disclose the unique
performance properties of Chinese LETFs, which may be related to the mar-
ket-specific features of Chinese A-share market.

Since Chinese financial market has been experiencing rapid reform recently
and there is no ETF designed to leverage or inversely leverage the underlying as-
sets'®, we believe this study is interesting to investors, regulators, and fund man-
agers. For investors, our results intuitively show that there can be a large differ-
ence in the performances of LETFs leveraging different markets, so investors
should have enough knowledge of the return and volatility of market indices.
This is important and should be fully noted by investors since LETFs leveraging
different markets are increasingly available. In addition, investing in LETFs over
short periods is often safer than in long periods, because a tendency of high re-

turn magnitude and low volatility in indices over long period rarely appears in

Leveraged trading and short selling are currently two of the most investor-demanded investment
strategies in Chinese financial market. However, there is no leveraged traded product in the main-
land of China, and the currently short-selling instruments are very limited, such as several stock in-
dex futures and securities margin trading, which are rarely available to retail investors. LETFs hap-
pen to be the alternatives that can satisfy the strategies of leveraged trading (bull LETFs) and short
selling (bear LETFs) in more convenient and low-costs ways.
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recent years.

For regulators and potential fund issuers, our study can help them compre-
hensively understand the performance behaviors of LETFs leveraging Chinese
A-share market before introducing them to Chinese mainland. Second, since the
short-term performance of daily LETFs is very close to the multiple times of in-
dex return, even in LETFs leveraging an index with high volatility (e.g., the CSI
300 Index), more LETFs leveraging can be introduced and developed for
short-term investors in the future. Meanwhile, regulators still need to remind
investors of the long-term performance, especially for LETFs leveraging a mar-
ket with high volatility like Chinese market. Last, regulators should also be aware
of the abrupt changes of rebalancing needs of Chinese LETFs since Chinese
stock indices often have higher volatility than the U.S. stock indices.

There are some potential future research areas to further explore. One area is
to examine the LETF performance based on the indexes traded in Hong Kong.
Although the indices in Hong Kong often track the same underling stocks as
some A-share indices, their volatility could be quite different. These differences
may have influences on LETF performances. Another area is to investigate the
detailed sector level of A-share markets. Different sectors are likely to have dif-

ferent returns and volatilities, which will impact the LETF performances.

Funding

This study was supported by a grant from the National Social Science Founda-
tion of China [21BJY263].

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

(1] Blackroc, K. (2020) BlackRock Global ETP Landscape. Quarterly Highlights, Q12020.
https://www.blackrock.com

[2] Ben-David, I, Franzoni, F. and Moussawi, R. (2017) Exchange-Traded Funds. An-
nual Review of Financial Economics, 9, 169-189.
https://doi.org/10.1146/annurev-financial-110716-032538

[3] Tang, H. and Xu, X.E. (2013) Solving the Return Deviation Conundrum of Leve-
raged Exchange-Traded Funds. Journal of Financial and Quantitative Analysis, 48,
309-342. https://doi.org/10.1017/50022109012000622

(4] Loviscek, A., Tang, H. and Xu, X.E. (2014) Do Leveraged Exchange-Traded Prod-
ucts Deliver Their Stated Multiples? Journal of Banking & Finance, 43, 29-47.
https://doi.org/10.1016/j.jbank{in.2014.02.008

[5] Curcio, RJ. and Dickerson, D.R. (2017) Long-Term Equity Investing with Leve-
raged Exchange-Traded Funds. Journal of Index Investing, 8, 23-37.
https://doi.org/10.3905/ii.2017.8.2.023

[6] Madhavan, A. (2012) Exchange-Traded Funds, Market Structure, and the Flash
Crash. Financial Analysts Journal, 68, 20-35. https://doi.org/10.2469/faj.v68.n4.6

DOI: 10.4236/jmf.2022.123027

527 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027
https://www.blackrock.com/
https://doi.org/10.1146/annurev-financial-110716-032538
https://doi.org/10.1017/S0022109012000622
https://doi.org/10.1016/j.jbankfin.2014.02.008
https://doi.org/10.3905/jii.2017.8.2.023
https://doi.org/10.2469/faj.v68.n4.6

Y.Z. Huang et al.

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Shum, P. and Kang, J. (2013) Leveraged and Inverse ETF Performance during the
Financial Crisis. Managerial Finance, 39, 476-508.
https://doi.org/10.1108/03074351311313825

Lee, H.C., Tseng, Y.C. and Yang, C.J. (2014) Commonality in Liquidity, Liquidity
Distribution, and Financial Crisis: Evidence from Country ETFs. Pacific- Basin
Finance Journal, 29, 35-58. https://doi.org/10.1016/j.pacfin.2014.03.006

Pan, K. and Zeng, Y. (2016) ETF Arbitrage under Liquidity Mismatch. Working
Paper, Harvard University, Cambridge. https://ssrn.com/abstract=3723406
https://doi.org/10.2139/ssrn.2895478

Chiu, J. and Tsai, K. (2017) Government Interventions and Equity Liquidity in the
Sub-Prime Crisis Period: Evidence from the ETF Market. International Review of
FEconomics & Finance, 47, 128-142. https://doi.org/10.1016/j.iref.2016.10.013

Gad, S. and Andrikopoulos, P. (2019) Diversification Benefits of Shari’ah Compliant
Equity ETFs in Emerging Markets. Pacific- Basin Finance Journal, 53, 133-144.
https://doi.org/10.1016/j.pacfin.2018.10.009

Cheng, M. and Madhavan, A. (2009) The Dynamics of Leveraged and Inverse Ex-
change Traded Funds. Journal of Investment Management, 7, 43-62.
https://ssrn.com/abstract=1539120

Tang, H. and Xu, X.E. (2013) Leveraging Chinese Stock Markets: Tracking the Per-
formance and Return Deviation of U.S.-Listed Chinese LETFs. Asia- Pacific Journal
of Financial Studies, 42, 845-879. https://doi.org/10.1111/ajfs.12033

Hill, J. and Foster, G. (2009) Understanding Returns of Leveraged and Inverse
Funds. Journal of Indexes, 12, 40-58.

Bansal, V.K. and Marshall, J.F. (2015) A Tracking Error Approach to Leveraged
ETFs: Are They Really That Bad? Global Finance Journal, 26, 47-63.
https://doi.org/10.1016/j.g1j.2015.01.004

Charupat, N. and Miu, P. (2011) The Pricing and Performance of Leveraged Ex-
change-Traded Funds. Journal of Banking & Finance, 35, 966-977.
https://doi.org/10.1016/j.jbank{in.2010.09.012

Lu, L., Wang, J. and Zhang, G. (2009) Long Term Performance of Leveraged ETFs.
https://doi.org/10.2139/ssrn.1344133

Charupat, N. and Miu, P. (2014) A New Method to Measure the Performance of
Leveraged Exchange-Traded Funds. Financial Review; 49, 735-763.
https://doi.org/10.1111/fire.12055

Bansal, V.K. and Marshall, J.F. (2015) Tracking Error Decomposition and Return
Attribution for Leveraged Exchange Traded Funds. Global Finance Journal, 28,
84-94. https://doi.org/10.1016/j.¢fj.2015.11.006

Avellaneda, M. and Zhang, S. (2010) Path-Dependence of Leveraged ETF Returns.
SIAM Journal on Financial Mathematics, 1, 586-603.
https://doi.org/10.1137/090760805

Hill, J., Nadig, N. and Hougan, M. (2015) A Comprehensive Guide to Exchange-Traded
Funds (ETFs). The CFA Institute Research Foundation.
https://etf.com.pl/wp-content/uploads/2021/03/rf2Ev20152En32E1.pdf

Trainor Jr., W. (2011) Daily vs. Monthly Rebalanced Leveraged Funds. Journal of
Finance and Accountancy, 6, 1-14. http://www.aabri.com/manuscripts/10676.pdf

Crouse, M.S. (2019) Leveraged Investment Products: Monthly Rebalancing Boosts
Performance, but Tail Risk Looms. Journal of Index Investing, 10, 58-69.
https://doi.org/10.3905/ii.2019.1.074

DOI: 10.4236/jmf.2022.123027

528 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027
https://doi.org/10.1108/03074351311313825
https://doi.org/10.1016/j.pacfin.2014.03.006
https://ssrn.com/abstract=3723406
https://doi.org/10.2139/ssrn.2895478
https://doi.org/10.1016/j.iref.2016.10.013
https://doi.org/10.1016/j.pacfin.2018.10.009
https://ssrn.com/abstract=1539120
https://doi.org/10.1111/ajfs.12033
https://doi.org/10.1016/j.gfj.2015.01.004
https://doi.org/10.1016/j.jbankfin.2010.09.012
https://doi.org/10.2139/ssrn.1344133
https://doi.org/10.1111/fire.12055
https://doi.org/10.1016/j.gfj.2015.11.006
https://doi.org/10.1137/090760805
https://etf.com.pl/wp-content/uploads/2021/03/rf2Ev20152En32E1.pdf
http://www.aabri.com/manuscripts/10676.pdf
https://doi.org/10.3905/jii.2019.1.074

Y.Z. Huang et al.

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

Yuan, Y., Huang, Y. and Chen, H. (2021) Monthly-Rebalanced Leveraged Ex-
change-Traded Products: Performance and Mandatory Rebalancing Needs. North
American Journal of Economics and Finance, 57, Article ID: 101431.
https://doi.org/10.1016/j.najef.2021.101431

Bris, A., Goetzmann, W.N. and Zhu, N. (2007) Efficiency and the Bear: Short Sales
and Markets around the World. Journal of Finance, 62, 1029-1079.
https://doi.org/10.1111/j.1540-6261.2007.01230.x

Chang, E.C,, Luo, Y. and Ren, J. (2014) Short-Selling, Margin-Trading, and Price
Efficiency: Evidence from the Chinese Market. Journal of Banking & Finance, 48,
411-424. https://doi.org/10.1016/j.jbankfin.2013.10.002

Beber, A. and Pagano, M. (2013) Short-Selling Bans around the World: Evidence
from the 2007-09 Crisis. Journal of Finance, 68, 343-381.
https://doi.org/10.1111/j.1540-6261.2012.01802.x

Wan, X. (2020) The Impact of Short-Selling and Margin-Buying on Liquidity: Evi-
dence from the Chinese Stock Market. Journal of Empirical Finance, 55, 104-118.
https://doi.org/10.1016/j.jempfin.2019.11.003

Adhikari, R., Panta, H. and Hussan, M.K. (2020) Performance of ProShares Triple-
Leveraged Equity ETFs. Capital Markets Review, 28, 1-18.
https://www.mfa.com.my/cmr/v28_i2_al

Pessina, C.J. and Whaley, R.E. (2021) Levered and Inverse Exchange-Traded Prod-

ucts: Blessing or Curse? Financial Analysts Journal, 77, 10-29.
https://doi.org/10.1080/0015198X.2020.1830660

Tsalikis, G. and Papadopoulos, S. (2018) Assessing the Performance of American
and European Leveraged Exchange Traded Funds. nvestment Management and
Financial Innovations, 15, 165-182. https://doi.org/10.21511/imfi.15(2).2018.15

DOI: 10.4236/jmf.2022.123027

529 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027
https://doi.org/10.1016/j.najef.2021.101431
https://doi.org/10.1111/j.1540-6261.2007.01230.x
https://doi.org/10.1016/j.jbankfin.2013.10.002
https://doi.org/10.1111/j.1540-6261.2012.01802.x
https://doi.org/10.1016/j.jempfin.2019.11.003
https://www.mfa.com.my/cmr/v28_i2_a1
https://doi.org/10.1080/0015198X.2020.1830660
https://doi.org/10.21511/imfi.15(2).2018.15

Y.Z. Huang et al.

Appendix

In order to figure out the conditions under which the return deviation is positive
or negative, we need to model the return dynamics of securities in continuous
time. It should be noted that the return deviation in this study does not include
the fees and financing costs. According to [12], the relationship between the
NAYV of an LETF and the price of the underlying index is as follows:

A = 4, [%J exp[%(m -m’ )o-ztj , (A1)

where A, and S, represent the NAV of an LETF and the underlying index level at
time ¢ respectively, m is the daily target multiple, and ¢ is the variance of un-
derlying index return during time # Note that A4, is the NAV that is depending
on the level of underlying index, and the risk free rate implicit in the costs of the
total return swaps does not enter into Equation (A1), so the target return of an
LETF with an investment horizon of ¢ denoted by R,,,., can be shown algebrai-
cally that:

Rtarget = AT/AO _1 ° (Az)

Similarly, the underlying index return of an LETF with an investment horizon

of ¢, denoted by R, can be given that:
R, =S8,/S,-1. (A3)

Applying Equations (A2) and (A3) to Equation (A1), we have:
R =(1+R,)" exp(%(m—mz)oztj—l. (A4)

According to Equation (A4), as (m — n7’) < 0, the scalar exp((m — n7’) X 7*#/2)
is less than one, so the target return will always be eroded by the variance of un-
derlying index’s return. If the price variables are interpreted in natural logs, Eq-

uation (A1) can be converted to the following expression:

LR, =m-LR, —%(mQ -m)o’t, (A5)

target

where LR,

arge

.and LR, are the target return and underlying index’s return in nat-
ural logs, respectively. Equation (A5) implies that the target return in natural
logs is m times of underlying index’s return in natural logs, subtracted a scalar
(m - n?) x 2. As (m — ni*) x *t/2 > 0, LR,

LR, Moreover, compared to the bullish ETF with the same magnitude of leve-

e 18 always less than m times of
rage, the target return in natural logs of a bearish ETF is more prone to be
eroded by the variance of underlying index’s return, consistent with the findings
of [20].

With Equations (A1), (A2), (A3) and (A4), the continuous time’s expression
of an LETF’s return deviation denoted by RD can be shown that:

target

RD=R,, —mR, =(1+R,)" exp(%(m—mz)aztj—l—mRI. (A6)
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Conceptually, this model predicts that the return deviation is determined by
underlying index return, target multiple, the volatility of the index return and
holding period. In addition, when the return of underlying index is close to zero,
the return deviation will be negative because the variance of underlying index’s
return is always greater than zero. To deeply disclose the relationship between
the return deviation and its determinants, we take the derivative of Equation (A6)

and then we have:

(21;11) :m[(1+Rl )y exp[%(m—mz)ojtj—lj, (A7)
aa;RtDzéo? (m—mz)(1+R1)m exp(%(m—nf)o-zt), (A8)
%:%t(m—mz)(l+Rl ) exp(%(m—mz)ojtj. (A9)

Equation (A8) and (A9) are always negative, because the holding period, the
variance of underlying index’s return and (1 + R)) are all positive, and (m — n7)
is negative. The return deviation of an LETF is thus adversely affected by hold-
ing period and the volatility of underlying index’s return, all else being equal.
But it does not mean that, the longer the holding period or the larger the va-
riance of underlying index’s returns is, the smaller the return deviation will be,
since the cumulative return of underlying index and target multiple will also af-
fect return deviation, and sometimes they will even offset the negative impact of
holding period and the variance of underlying index’s returns.

To find more useful information about the relationship between return devia-
tion and the cumulative return of underlying index, we let Equation (A7) equal
zero and then obtain the only stationary point of Equation (A6) with respect to
R, denoted by Ry, given as following:

R, :exp(%mojtj—l. (A10)

Therefore, the return deviation, denoted as RD, corresponding to Ry, can be

given as following:
RD, =(m—1)(1—exp(%m0'2tn. (A11)

Equation (A11) is always negative because the target multiple is greater than 1
or no more than —1. Then we take the second derivative of Equation (A6) with
respect to R;

azRD m=2 1 2 2
——=m(m-1)(1+R exp| —|\m-m")o't|. Al2
= mln =)0+ R ) e =) (a1

Apparently, Equation (A12) is always positive because the target multiple is
greater than 1 or no more than —1. Because the expression of RD has only one
stationary point with respect to R, RD, is the minimum of the return deviation
and the graph of RD function with respect to R, is U-shaped. Because Ry is the

DOI: 10.4236/jmf.2022.123027

531 Journal of Mathematical Finance


https://doi.org/10.4236/jmf.2022.123027

Y.Z. Huang et al.

index return corresponding to the apex point of RD function, we name it the
apex return. To investigate whether it is possible to gain a positive value for the
return deviation, we attempt to find out the maximum of Equation (A6). Ac-
cording to the previous analysis, if there is a maximum of Equation (A6), the
return deviation must reach the maximum value when underlying index’s return
reaches the maximum value or minimum value. In other words, we need to ex-
amine the value of return deviation when underlying index’s return verges to —1

and +eo. When the target multiple is positive®, we have:

lim ((1+R1 )" exp(%(m—mz)aztj—l—lej: m-1>0, (A13)

Ry —>-1"
. m 1 2 2 —
RIIIE}}OC((I-FRI) exp(g(m—m )O’ tj—l—mR,j—+oo>0. (A14)
when the target multiple is negative, we have:
. m 1
lim ((HR,) exp(E(m - )thj—l—lej =40>0, (A15)
Ry —>-1"
. m 1 2 2 —
R}T}m((lJrR’) exp(E(m—m )O’ tj—l—mR,j—+oo>0. (A16)

Therefore, there is always an interval of positive value for return deviation,
regardless of whether the target multiple and underlying index’s return are posi-
tive or not. More specifically, one case is that, when underlying index’s return is
greater than the apex return given by Equation (A10), the larger the former is,
the more possibility of being positive the return deviation will have. The other
case is that, when underlying index’s return is less than the apex return, the
smaller the former is, the more possibility of being positive the return deviation
will have. In sum, the return deviation is decreasing first and then increasing
with the increasing of index return and it will reach the minimum value when

underlying index’s return verges to the apex return.

»In Equation (A13), R, —1* means that R, verges to —1 from the right, and similarly hereinafter.
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