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Abstract

In contrast to a wealth of knowledge on trading in equity markets, comparatively little is
known about who gains and who underperforms in derivatives trading. We consider these
issues in the context of an episode in China where equity investors obtained access to war-
rants due to regulatory reform, in an environment without other established options markets.
The data, which allow us to analyze how well agents comprehend unfamiliar and complex
contracts in their initial evolutionary stage, reveal that individual investors trade warrants
with high skewness and pay for high skewness, while institutions do not. A considerable
number of investors treat expiring deep OTM warrants as stocks, and pay positive prices for
warrants that assure a reduction in investment capital owing to price limits in the underlying
asset market. Price limit rules for the warrant market are set such that they often preclude
convergence to fundamentals, which materially affects investors” profits. Investors earning
the most profits are active traders and hold the least amount of warrants interday. Small
investors tend to hold warrants for a relatively long period, which adversely impacts their
performance. Overall, our results highlight the importance of ensuring financial sophistica-

tion amongst investors and regulators in derivatives markets.
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Lotteries
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1 Introduction

Options markets are popular around the world, but little is known about the relation between
investment profits and trader type in these securities. A related question is whether agents who
trade these claims fully understand the associated complexities. In this paper, we shed light
on these issues by using proprietary account-level brokerage data to study trading patterns in
Chinese options; specifically, warrants. Our institutional setting is unique because the warrants
were made available to equity investors as compensation arising from split share reform,' in
the absence of other established options markets. Thus, stock investors obtained access to a
security that was likely unfamiliar to many of them. How such investors traded these non-linear
securities in the secondary market is therefore of particular interest, as it potentially can shed
light on whether investors are able to grasp the nuances of derivatives in a timely fashion during
the initial evolutionary stage of the market.

We investigate the precise sources of profits and the categories of investors that over- and
under-perform in the warrants market. Our dataset facilitates this study by allowing us access
to trading histories of common stocks and warrants for 1.8 million investors during a period of
678 trading days. Day end holding summaries are also available. Further, the data allow for
distinguishing institutions from individuals. To the best of our knowledge, an analysis of profits

by trader type in derivatives markets has not been conducted in previous literature.”

ISpecifically, they were given out to offset investor losses arising from an increase in supply of shares as a result of
converting non-tradeable shares to tradeable ones.

2Many other studies have analyzed the Chinese warrant market, but not by trader type. Xiong and Yu (2011) and
Gong, Pan, and Shi (2017) find that short-sales constraints, heterogeneous beliefs, and a continuing influx of new
investors play important roles in driving bubbles (episodes of seeming overvaluation) in this market. The evidence
in Xiong and Yu (2011) supports the feedback loop theory of bubbles (wherein initial investors who push up prices
attract more investors) proposed by Shiller (2000). This latter point is further studied by Pearson, Yang, and Zhang
(2017) using brokerage account data. Liu, Zhang, and Zhao (2014) document that there are spillover effects from
speculative activities in Chinese warrants to the underlying stocks. Liao et al. (2010) argue that mechanisms which
facilitate short-sales can mitigate bubbles in the Chinese warrants market. There are also some papers which focus
on the mechanisms of Chinese warrant bubbles in Chinese journals; see Bian and Tie (2010), Zhang, Liao, and Shen
(2013), Wang, Zhu, and Zhang (2012), and Pan, Shi, and Song (2008) among others. Zhang, Wang, and Liao (2011)



The warrants market was extremely active at its peak. For example, during 2005-2011,° trad-
ing activity in this market surpassed that of more established warrant markets in Hong Kong
and Germany; thus, turnover in Chinese warrants was $250.5 billion in 2006, while that in Hong
Kong and Germany was $230.4 billion and $124.3 billion, respectively (Mitchell 2007; Chung
2007). Turnover peaked in year 2007 at 7.78 trillion yuan, or about 28.8% of Chinese GDP in the
same year.* Thus, the economic significance of warrant trading was material, emphasizing the
relevance of our study:.

We first exploit the cross-sectional properties of investors” portfolios such as profitability,
average moneyness, leverage, intraday volatility, ex ante skewness,” and other variables to show
that, overall, individual investors actively trade warrants with high skewness and overpay for
high skewness, while the patterns for institutions are weaker. Overall, institutions earn positive
profits, while individuals suffer a material decrease in wealth by trading warrants. The adverse
effects of ex ante skewness on individuals’ profits are salient even after controlling for many
other warrant characteristics such as delta, vega, gamma, price and relative value (fundamental
value over trading price). In a phenomenon that contributes to their underperformance, small
investors tend to hold out-of-the-money warrants for relatively long periods. In fact, we show
in the paper that many of these un-liquidated long positions guarantee a profit of —100% due to
price limits in the underlying asset market. Further, these derivatives positions are often held at
prices that signify regulatory naiveté, in that the lower price limits in the warrant market are, on

occasion, high enough to not only exceed fundamental values but also the maximum possible

investigate whether individual investors exhibit a disposition effect in warrant markets.

3The first warrant (BaoGang JTB1, 580000) was listed on August 22, 2005, while the last warrant (ChangHong
CWRB, 580027) expired on August 11, 2011.

4On May 30, 2007, the Chinese government increased the stamp tax for stock trading, which caused a stock market
crash and (slightly) reduced turnover in the Chinese stock market. However, this policy triggered a material turnover
increase in the Chinese warrant market; see Powers and Xiao (2014) and Cai et al. (2017).

5We define ex ante skewness as the third central moments of warrants’ payoff at maturity; see Boyer and Vorkink
(2014) and Li, Subrahmanyam, and Yang (2018).



payoffs on the warrants.

We investigate the link between trading patterns and performance. Empirical analyses based
on classification by investors’ profitability show that institutions do not invariably perform better
than individuals: there are many naive institutions. Highly profitable investors trade a lot while
holding less: the top 0.1% of investors (by profitability) trade about 10 times per day, their trad-
ing volume accounts for 44.2% of the total, and their aggregated holding position only amounts
to 4.1% of their aggregated trading volume. We find that over 90% of investors” underperfor-
mance is due to out-of-the-money (hereafter, OTM) expired warrants during the last few trading
days of these warrants. We further study the time series properties of investors’ trading behav-
ior in these OTM expired warrants. We find that both institutions and the top 0.1% of investors
trade extensively during the last few trading days, and that both groups hold fewer warrants as
maturity approaches: actually, the top 0.1% group clear most of their position on the last trad-
ing day. During the last four trading days, the middle (in terms of total profits) group increase
their holding positions, which materially affects their adverse performance. We find that a con-
siderable number of investors appear to adopt a so-called “doubling” strategy (i.e., scaling up
positions to recoup past losses), which is very dangerous for OTM warrants that are very close to
ma’curity.6 This indicates limited understanding of the nascent options market, as they seem to
trade warrants as a lottery-type investment in stock, where a complete forfeiture of investment
is unlikely, as opposed to OTM options, where it is highly likely.

To further ascertain the sources of investors’ trading performance, we split their profits into
those related to day trade and those emanating from interday holdings. Transaction costs are

included in the computations. The results based on investors’ classification by profitability re-

®Poteshman and Serbin (2003) find that many investors exercise American calls irrationally. Barraclough and
Whaley (2012) show that, during January 1996 to September 2008, failures to exercise in a timely manner cost put
option holders dearly. Liao et al. (2014) also document irrational exercise behavior in options. Jensen and Pedersen
(2016) find that, when market frictions are taken into account, a large portion of early exercises are in fact rational.



veal that 60% of the profits of the top 0.1% of investors are due to day trading which, together
with the fact that they do trade very actively, indicates that a considerable proportion of top in-
vestors are sophisticated and skilled. In contrast, most of the investor underperformance (i.e.,
capital loss) occurs due to interday holdings in OTM expired warrants, and are related to the fast
decay of warrants” time value during the same period. During the last five trading days of these
OTM warrants, the bottom 10% of investors hold more than 60% of the warrants, and their trad-
ing volume accounts for more than 40% of the total. Thus, the evidence indicates that holding
and, in fact, scaling up positions in OTM warrants near expiration are key sources of adverse
performance in derivatives trading.

There are several papers on the topic of trading performance. Work on the wealth effect-
s of trading including Barber and Odean (2000) and Barber et al. (2009) shows that individual
investors materially underperform in trading common stock. Options are more complex than
stocks, however, underscoring the importance of analogous studies for such contracts. Indeed,
Lakonishok et al. (2007) show that textbook-style trading strategies are seldom used in options
market, and that naive investors mainly use options for speculation. Bauer, Cosemans, and Eich-
holtz (2009) show that most individual investors suffer significant losses in their options trading.
Boyer and Vorkink (2014) show that investors appear to treat stock options as lotteries. Li, Sub-
rahmanyam, and Yang (2018) show that securities issuers in Hong Kong earn (and investors lose)
billions by trading a structured product named a Callable Bull/Bear Contract, which is essential-
ly a knock-out option. In a similar vein, Bali and Murray (2013), Byun and Kim (2016) and Blau,
Bowles, and Whitby (2016) also show that gambling preference can help explain cross sectional

option returns.”

’Garleanu, Pedersen, and Poteshman (2009) argue that demand-pressure effects are helpful in explaining some
option pricing puzzles. Coval and Shumway (2005) show that behavioral biases of investors influence their trading
behavior in futures markets.



We have four points of departure with the existing literature that justify our Chinese context.
The first is that, as we pointed out earlier, the Chinese warrants market came into existence in
the absence of an established market in options within that country. The question of whether
investors who suddenly obtained access to an unfamiliar derivatives contract properly under-
stood the security is an intriguing one.® Second, our brokerage account data, unlike other data
on derivatives trading, allow us to analyze the cross-sectional properties of trading behavior and
profits among specific types of derivatives investors (institutions and individuals separated by
account size).” Third, because of price limits in the underlying cash market we are able to pin-
point previously unexplored rationales for the losses suffered by investors and complement the
existing empirical findings. Specifically, we show that investors overpay for deep OTM warrants
that have zero chance to expire in-the-money owing to price limits in the underlying stock. In-
deed, many agents hold these warrants all the way up to the last trading day for a guaranteed
reduction in capital starting several days prior to expiration, even as the instrument continues to
trade at non-trivial prices. Fourth, via an analysis of the price limit rule in the warrant market,
we are able to emphasize the need to ensure regulatory authorities are properly informed about
the complexities of derivatives. Specifically, we find that in many circumstances, the lower price
limit is higher than the corresponding day-end fundamental value of the warrant. This indicates
that regulatory policy contributes to investors” adverse performance by precluding convergence
of prices to fundamental values.

To summarize, our central results are as follows: (i) individual investors trade warrants with

8There was in fact warrant trading in China from June 1992 to June 1996. However, this was a market intro-
duced at a time when there were only 1.1 million stock accounts in China, compared to 71 million at the end of 2007
(http:/ /www.sse.com.cn/aboutus/publication/factbook/). It is therefore unlikely that warrant investors during our
sample were familiar with the earlier market which was about a decade older. In related work, Black and Scholes
(1972) and Moore and Juh (2006) consider option pricing in the pre-Black and Scholes (1973) era, but do not consider
trading patterns and profits by trader type.

9Gong, Pan, and Shi (2017) and Pearson, Yang, and Zhang (2017) also use brokerage account data, but they mainly
focus on the time series characteristics of warrants and investors in explaining bubbles in the warrant market.



extremely high ex ante skewness and their profits are negatively related to contract skewness;
(ii) institutions” profits and trading do not exhibit such systemic behavior although a fairly large
portion of institutions also trade warrants with high skewness; (iii) top-performing investors are
those who trade actively and hold the least amount of warrants interday; (iv) small investors
tend to hold warrants for a relatively long period, which contributes considerably to their sub-
par performance; (v) a substantial portion of investors treat warrants as stocks, and they use
stylized strategies adopted from the stock market in trading warrants, which causes them to pay
positive prices for securities that assure a profit of —100%; (vi) in many scenarios, the lower price
limit of warrant trading is higher than the contract’s theoretical value (indeed, in a few cases, the
lower limit is even higher than the corresponding maximum possible payoff). Thus, overall, our
analysis supports the argument that many investors and policymakers did not fully understand
derivatives markets, which adversely impacted trading capital. This underscores the importance
of ensuring adequate financial sophistication amongst investors and designers of trading mech-
anisms for complex securities.

The next section of the paper briefly introduces the Chinese warrant market and presents
some related summary statistics. We present empirical studies on driving forces of investors’
profits/losses in Section 3. Section 4 examines trading behavior by investor classification. In
Section 5, we illustrate that a specific trading mechanism (price limits) is related to investors’
performance and provide evidence that investors seem to treat warrants as stocks. Section 6

concludes the paper.



2 The Chinese Warrants Market and Our Dataset

In this section, we first review some institutional details about the Chinese warrant market. We

then describe our dataset and provide some summary statistics of interest.

2.1 The Market for Warrants

The Chinese warrants market was a product of the split-share structure reform in China started
in 2005. Warrants were introduced as compensation to public investors to for their potential
losses due to the reform."’ The trading mechanism for warrants was very much like that of
stocks. Specifically, warrants were exchange-listed and investors could trade warrants using
their stock accounts only if they signed a “Warrant Risk Disclosure Letter”.!! Some important
characteristics of Chinese warrants market included: (1) a daily price-limit mechanism, which
means that only trades with prices that belong to some interval can be executed, (2) unlike the
Chinese stock market (in which the purchased stock cannot be sold in the same trading day),
the Chinese warrants market allowed intraday trading. We provide some relevant institutional
details about the market in Appendix A.

Only some specific issuers were able to short sell warrants. For a subset of warrants listed
in Shanghai Stock Exchange (hereafter, SSE), additional qualified security brokerage firms (non-

issuers) could also short sell warrants (please refer to Table 1 for details). Outside investors could

10See Xiong and Yu (2011) and Gong, Pan, and Shi (2017) for details. Most companies completed split-share reforms
in 2006. The last warrant stemming from the reform was EJiao EJC1 (031007.SZ), which was listed on Shenzhen
Stock Exchange on July 18, 2008. The other source of warrants was the so-called warrant-bond (bond with separable
warrant), a financing tool used by some companies. The last warrant-bond, the ChangHong CWB1 (580027.SH), was
listed on July 21, 2009. Please refer to the CSRC’s official website (in Chinese) http:/ /www.csrc.gov.cn/ for details.

Due to slack supervision, many brokerage firms did not comply with this rule, i.e., they allowed their clients to
trade warrants before they signed the disclosure letter. Actually, the Shanghai Stock Exchange released many notices
(on August 5 and 24, 2005, and July 24, 2007) to emphasize the importance of signing the letter. A large brokerage
firm, PingAn Securities, announced as late as February 5, 2007 that existing warrant investors could not buy warrants
after February 17, 2007 if they had not signed the letter by then. In sum, the requirement to sign the disclosure letter
was unevenly enforced.


http://www.csrc.gov.cn/pub/zjhpublic/index.htm?channel=832/3236/3239/3586

not short sell warrants. Also note that, in China, there were no exchange traded options until

February 9, 2015, and that short selling of stocks was prohibited prior to March 30, 2010.

2.2 Data Description and Summary Statistics

Our dataset, kindly provided by a large (top ten in China) brokerage firm, spans the period
January 4, 2007 to October 16, 2009, which includes 678 trading days. The dataset consists of 21.2
million warrant trading records (including warrant exercises) by 223,745 warrant investors.'?
Only 246 or 0.12% of them are institutional investors."” The data account for more than 3%
of both the aggregate trading volume and the aggregated turnover value of the entire warrant
market during the same time period. Each trading record contains the following information:
account ID, stock code, trading price, trading volume, trading date, trading time (accurate to
one second), trading direction (buy or sell), business balance (i.e., the absolute value of trading
value in CNY), clear balance (i.e., the signed change in the cash balance due to the trade), and
the commission fee incurred by the trade.

There were 48 warrants (written on 41 different underlying stocks) traded during this sample
period. Table 1 reports meta information for these warrants. 35 of them (code starts with 58) were

listed on the SSE, and the remaining 13 (code starts with 03) warrants were listed on the Shenzhen

Stock Exchange. 14 out of these 48 warrants were put warrants.'* Initially, these 48 warrants

12The full dataset includes trading records of stocks, warrants, funds, government bonds, corporate bonds, and
convertible bonds for 1.8 million investors. We delete trading records for 10,579 investors who were dispatched
warrants for free, since: (1) the dispatch would perturb the calculation of their profits; and (2) 87.9% of these investor
simply sold their warrants and then never reentered the market. As such, ignoring these investors should have
virtually no effect on our main results.

13This proportion and later statistics about turnover value contributed by institutions are consistent with weekly
reports published by SSE INFONET LTD, a wholly-owned subsidiary of Shanghai Stock Exchange. See also Section
III.C in Xiong and Yu (2011). Amongst these 246 institutions, there are no mutual funds, or QFIIs (Qualified Foreign
Institutional Investors).

140Only one warrant (NanHang JTP1, 580989) is cash-settled, while all other warrants are physically settled. Just a
single warrant (ChangDian CWB1, 580007) has a “put provision”: during the exercise period, warrant holders have
the additional right of selling their warrants back to issuer at a price 1.8 CNY per share. As a matter of fact, the closing
price of Warrant ChangDian CWB1 on its last trading day was 8.761, so the “put provision” did not in fact take effect.



were not sold to investors, but were dispatched to qualified investors either as compensation for
split-share structure reform (the column Source equals 1 in Table 1), or in the form of separable
warrant-bonds (Source equals 0). The column “Share” reports the number of circulating shares
determined in the initial issuance process. For some warrants (those with MShare>Share in
Table 1), except for their initial issuance, SSE allows a group of qualified brokerage firms to
originate (create, or short sell) additional shares. The column “MShare” reports the maximum
end-of-day circulating shares during the lifespan of each warrant. The column IRP reports the
initial reference prices for all warrants, which are used in the opening call auction to determine
the price limits on the first trading day for each warrant.

The column Money in Table 1 reports, for each warrant, its moneyness at the end of its last
trading day. We define moneyness as log(St/K) (—log(St/K)) for call (put) warrants. Thus, a
positive (negative) moneyness means that the warrant expired in-the-money (out-of-the-money).
There are 23 warrants that matured out-of-the-money, and the moneyness ranges from —1.969
to 2.156. Recalling the logarithm-style definition of moneyness, a moneyness of —1.969 (2.156)
indicates a status of extremely deep out-of-the-money (in-the-money). In the last four columns of
Table 1, we also report the trading period and exercise period for each warrant. All put warrants
are European style with length of exercise period of no more than one week. Call warrants are
either European style or Bermudan style, with lengths of the exercise period ranging from one
week to about one year.

Table 2 presents sample averages (across warrants in each group) for some variables of in-
terest. The second to seventh columns in Table 2 report sample means for the total number of
investors, the total number of institutional investors, moneyness as of the last trading day, total
trading volume, total turnover value, and average turnover value per investor across warrants.

We find from Table 2 that, on average, the number of investors trading OTM warrants is signif-



icantly higher than that trading in-the-money (hereafter, ITM) warrants, and the average total
trading volume for OTM matured warrants (24.1 billion) is also significantly higher than that for
ITM matured warrants (6.0 billion). The averaged total turnover value for OTM matured war-
rants is higher than that for ITM ones, but statistically insignificant. All these facts indicate that
investors have a proclivity towards trading warrants that expire OTM. However, the columns
GroProf (gross profit) and NetProf (net profit) in the same table reveal that investors suffer con-
siderable underperformance in trading warrants expiring OTM. Indeed, the aggregated gross
profit from trading OTM (ITM) warrants is —897.3 million CNY (227.1 million CNY); the ag-
gregated net profit from trading OTM (ITM) warrants is —1376.3 million CNY (—86.7 million
CNY)."> The next section will explore warrant investors’ profit patterns as well as factors that
drive these patterns.

Figure 1, which presents the proportion of aggregated trading volume in in each moneyness'®
bin, shows that trading in warrants is diversified in terms of moneyness. In particular, there is
extensive trading even when moneyness is below —1.!” Note that the deep OTM warrants have
extremely high ex ante skewness and that, ceteris paribus, options with shorter time to maturi-
ty have higher ex ante skewness; see Boyer and Vorkink (2014). Figure 2 shows that ex ante
skewness of warrant returns can be extremely high when warrants are extremely deep OTM, and
that the pattern is more salient for warrants with short time to maturity. So these distributional

properties of trading volume seem consistent with those observed in Callable Bull/Bear Con-

tracts (CBBCs) market of Hong Kong, in which investors are mainly attracted by CBBCs” high

15As for individual warrants, NanHang JTP1 (580989) generates the most adverse performance, attracts the most
investors and the highest trading volume among all 48 warrants studied here. Warrant ZhaoHang CMP1 (580997)
is the most deep OTM expiring one. Warrant 580026 (JiangTong CWB1) generates the most net profits of 82 million
CNY, while warrant 580006 (YaGe QCB1) is the most profitable one in terms of averaged net profits per investor.

16Tn this paper, owing to the existence of extremely deep in- or out-of-the-money warrants, we define moneyness
as log(S:/K) (—1log(S¢/K)) for call (put) warrants. Thus, roughly speaking, a negative moneyness indicates out-of-
the-money status for both call and put warrants.

7The reader may wonder whether investor interest in OTM warrants is diversified or concentrated in one or two
warrants. Figure OA.1 in the online appendix shows that there is in fact interest in OTM warrants on multiple stocks.
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skewness, and thus tend to trade more when CBBCs’ ex ante skewness is higher; see Li, Subrah-
manyam, and Yang (2018). However, it will be clear later that, although high ex ante skewness
in CBBCs implies a gambling opportunity, the extremely high ex ante skewness in deep OTM
warrants is in many cases associated with an assured reduction in capital for investors who hold

them till maturity, even as these contracts command positive prices.

3 Warrant Characteristics and Investors’ Profits

In Table 3 we report summary statistics on gross profit (excluding transaction fees), net profit
(including transaction fees), trading volume, turnover value, number of trades, and averaged
value per trade, for different groups of investors. Panels A and B in this table show that the gross
profit for institutional investors is 17.9 million CNY, and the net profit decreases to 9.6 million
CNY. For individuals, the gross profit is negative at 0.69 billion CNY and, when transaction fees
are taken into account, becomes 1.47 billion CNY (about $220 million). These numbers mean
that transaction fees reduce institutional (individual) investors” gross profit by 46.4% (53.3%).
These numbers reflect the fact that, although the transaction cost is much lower than that for the
contemporary Chinese stock market, the turnover ratio in Chinese warrant market is extremely
high; see Chung (2007), Xiong and Yu (2011), and Cai et al. (2017).

Panels C-E of Table 3 show that the gross trading volume is 0.71 trillion shares and the corre-
sponding turnover value is 1.50 trillion CNY (about $220 billion); on average, individuals (insti-
tutions) trade 95 (110) times during our sample period; slightly more than 1% of investors trade
more than 1100 times. The average turnover value for individuals is 6.7 million CNY, while that
for institutions is 41.5 million CNY, about six times of that for individuals. Panel F of Table 3

shows that the average value per trade for institutions, at about 0.3 million yuan, is more than

11



ten times that for individuals (less than 0.03 million yuan). Table 3 also reveals that, for all quan-
tities reported here, the distributions for individuals are severely right skewed, while those for
institutions are relatively symmetric. This implies that institutions are more homogeneous than
individuals: there are a few “super” individual investors who trade a lot and/or make a lot of
money. This last phenomenon is consistent with weekly reports published by Shanghai Stock
Exchange which indicate that the Chinese warrants market is dominated by about three or four
thousand such “super” individuals.

It is now known that warrant investors underperform, but what factors drive investors’” prof-
its/losses? Figure 1 shows that, in the Chinese warrants market, deep OTM options appeal to
investors. It will be clear that investors suffer a material reduction in capital by trading these
warrants.'® This last fact is intriguing (or even surprising). Why is the trading volume in deep
OTM warrants so high? Since warrants that go very deep OTM and have very short time to matu-
rity are very unlikely to end up ITM, neither crash insurance (Jackwerth 2000) nor insider trading
(Chakravarty, Gulen, and Mayhew 2004) can explain the popularity of these warrants.

One possible explanation of this specific phenomenon may be that investors are attracted to
lottery-type securities, since deep OTM warrants can provide lottery-like opportunities at low
prices. The theoretical study of Barberis and Huang (2008) predicts that investors with cumula-
tive prospect theory utility are willing to pay premiums for lottery-like opportunities.'” Empit-
ical evidence reported in Gao and Lin (2015), Barberis, Mukherjee, and Wang (2016), Cookson
(2018), Li, Subrahmanyam, and Yang (2018), and Cole, Iverson, and Tufano (2017) also shows
that investors prefer lottery-type securities. This research motivates us to consider skewness

preference (or lottery preference) as a driver of trading behavior in this market.

18n fact, we know from Table 2 that 94.1% of the overall adverse performance is due to OTM expiring warrants.
BKumar (2009), Boyer, Mitton, and Vorkink (2010), Bali, Cakici, and Whitelaw (2011), and Green and Hwang (2012)
study investors’ preferences for lottery-type stocks.

12



We conduct cross-sectional regressions of investors’” aggregate profits and aggregate trading
volume on value-weighted variables including skewness, leverage, volatility, moneyness, delta,
vega, gamma, relative value, and the closing price. Here skewness is defined as the third central
moment (see Boyer and Vorkink 2014 and Li, Subrahmanyam, and Yang 2018), and computed
under the log-normal assumption, i.e., under the framework of Black and Scholes (1973) and
Merton (1973); we use the price elasticity (or implied leverage) with respect to the underlying

P(S)

asset price, defined as % X % (S and P(S) denote the underlying price and the warrant

price respectively), as a proxy for leverage; we adopt an intraday volatility measure defined

PZZ% Ofsi%;ﬁ”(y:lgsiﬁ 5 moneyness is defined as log(Sr/K) (—1log(Sr/K)) for call (put) warrants;
relative value is defined as the Black-Scholes-Merton (BSM) value divided by the market price;
delta, vega, and gamma are also computed under the Black-Scholes-Merton framework.

Since many of these variables are highly skewed (see Table 3), we instead use the correspond-
ing sorted variable (we assign the number i to an observation if it belongs to the i-th percentile).
For each variable (including the independent ones), we average the corresponding sorted vari-
able across each group determined by the percentile of the independent variable. In this way,
each variable has 100 values (i.e., percentile ranks).

Table 4 reports the regression results across all investors. We find that, in bivariate regression-
s, both gross profits and net profits are negatively related to ex ante skewness and volatility, and
positively related to leverage, moneyness, delta, and price. Gross profits are positively related to
vega and gamma; after taking transaction costs into account, net profits are actually negatively

related to vega and gamma. In multivariate regressions that include all explanatory variables

(the last column), skewness remains negatively related to both gross and net profits, indicating

20We use the HIBOR rate as the risk-free proxy, and use 60-day trailing historical volatilities of the underlying
asset as volatility estimates. [We also use 126-day and 252-day versions as robustness checks; the results are virtually
unchanged.]
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the importance of ex ante skewness in explaining losses. The coefficients of skewness in the mul-
tivariate regressions indicate that a one rank increase in skewness implies a decrease in investors’
gross (net) profits of CNY 104.1 (CNY 126.9) per million in trading value.?! After controlling for
other variables, volatility becomes insignificant and in fact flips sign. The positive coefficients for
relative value (recall it is defined as BSM value over market price) mean that trading overpriced
warrants could be hazardous to investors” wealth. We also run regressions of trading volume
on all of the above independent variables. Panel C of Table 4 reports the results. We find that
in bivariate regressions, trading volume is positively related to all explanatory variables except
price. When we include all variables, the coefficient of skewness remains positive and significan-
t. The coefficient on skewness of 1.21 implies that a one-rank increase in skewness, on average,
is associated with an increase in trading volume of 3.1%. Note that, in all three panels of Table 4,
skewness by itself has very strong explanatory power with adjusted R? higher than 60%.

The results in Table 4 are consistent with the notion in behavioral finance that investors like
lottery-type opportunities and on average underperform in trading high skewness securities. We
now consider whether sophisticated investors like institutions also have this kind of behavioral
bias. To answer this question, we conduct analogs of Table 4 for institutional investors and
individual investors separately. The results are reported in Table 5. In each panel of the table,
the first (second) column presents results for institutions (individuals). In regressions for gross
profits of institutions, only leverage, which is negatively related to gross profits, is statistically
significant at the 5% level. Regression results for net profits of institutions reported in Panel B
are similar. These results indicate that institutional investors pay for high leverage in trading

warrants. The coefficient on leverage implies that if leverage increases by one rank institutional

2IThese changes are economically significant since we know from Table 3 that overall, the gross (net) loss per
million trading value is CNY 446.7 (CNY 973.3).
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investors” gross (net) profits decrease by CNY 245.4 (CNY 245.8) per million in trading value.
Based on the low adjusted R2-s for these regressions, institutional investors’ profits do not exhibit
strong patterns related to these explanatory variables. Panels C and D of Table 5 show that
institutions also tend to trade more and hold more when skewness is high (a one-rank increase in
skewness is associated with a 2.6% increase in institutional investors” trading volume); however,
as shown in Panels A and B of the same table, they do not pay for high skewness.

In sharp contrast for individuals relative to institutions, however, the results reported in Table
5 show that individuals not only tend to trade more but also suffer adverse performance when
skewness is high; i.e., they pay for high skewness. We find that a one-rank increase in skewness
implies a decrease in individual investors” gross (net) profits of 202.1 CNY (223.9 CNY) per mil-
lion traded value, and an increase in trading volume of 3.4%. Overall, the patterns exhibited in
individuals” trading, in terms of statistical significance and explanatory power of independent
variables, are much more transparent and strong than that for institutions. The results reported
in Tables 4 and 5 are consistent with the fact that the Chinese warrants market is dominated by
individual investors.

A material event in the Chinese warrant market is that, on May 30, 2007, the government
increased the stamp tax on stock trading from 0.1% to 0.3%. A recent study by Cai et al. (2017)
claims that since the Chinese warrant market was not subject to stamp tax, the event migrated
trading from the stock market to the warrant market. To control for the effect of this event on our
results, we also include a dummy variable in regressions reported in Table 5. For each investor,
we first define an indicator variable which equals 1 if a trade occurs on or after May 30, 2007,
and is zero otherwise. Then for each investor, the “Dummy” variable is computed as the value-
weighted mean of the indicator variable across all trades by the investor. We find that the effect of

this event is stronger on individuals than that on institutions. Specifically, the post-event period
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is accompanied by greater trading and more underperformance for individual investors. This
event, however, has no material effect on institutional investors’ net profits.

In totality, the evidence accords with the view that investors’ trading is high in lottery-type
warrants and they also pay for the high ex ante skewness inherent in these securities. When we
consider institutions and individuals separately, these patterns are mainly due to the preference
of individual investors. In the next section, we will further take advantage of the brokerage ac-
count data to classify investors by trader type and profitability, and examine further the sources

of profits.

4 Investors’ Trading Behavior and Their Profit/Loss Patterns

4.1 Do Institutions Trade Warrants Smartly?

We have shown that, in aggregate, individuals pay for high skewness, while institutions do
not. We wonder: (i) do these stylized facts mean that institutions perform systematically better
than individuals? and (ii) does this evidence indicate that institutions eschew high skewness
warrants?

To answer question (i) above, we first sort all investors by their total net profits, and di-
vide them into nine groups (top 0.1%, 0.1% ~1%, 1%~10%, , 10%~30%, 30%~70%, 70%~90%,
90%~99%, 99%~99.9%, and bottom 0.1%). We then compute the proportion of institutional
investors in each group. The results are shown in Figure 3. We find that the proportion of insti-
tutions across the groups is U-shaped, which means that there are more institutional investors
in the extreme groups than in the middle. The high proportion in the bottom-performing group
indicates that we cannot claim that institutions perform systematically better than individuals.

Specifically, our evidence shows that there are at least as many naive institutional investors as
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smart ones.

To further investigate warrant investors’ trading behavior and address potential nonlinear
relationships between variables of interest, we report various trading characteristics by end-of-
day ex ante skewness in Table 6. Panel A in this table reports results for all investors, while
Panels B and C present results for individuals and institutions, respectively. Column N report-
s the number of days (across all warrants) that lie in the corresponding skewness decile. The
columns Volume, Turnover, Holding and TRatio report the averaged daily summaries for trad-
ing volume, turnover value, day-end holding position, and turnover ratio, respectively, for each
skewness decile. We find from Panel A that investors tend to trade more and hold more when
skewness is higher. The differences between extreme deciles are both economically and statis-
tically significant. The results for individual investors reported in Panel B are quite similar to
those reported in Panel A.

Panel C reveals that, although the differences between the extreme deciles are less sharp than
those for individuals, institutional investors also trade a lot when skewness is higher: trading
volume and turnover ratio in the highest decile are significantly higher than those in the lowest
decile, though the difference in turnover value between the extreme deciles is insignificant.??
Moreover, although the average holding position for institutions in the highest decile is lower
than that in the middle deciles, it is significantly higher than that in the lowest decile. These
results indicate that institutions do tend to trade actively when skewness is very high, which
provides a negative answer to question (ii) posed at the beginning of this section. Specifically,
we cannot find sharp evidence from trading behavior that can distinguish individuals and insti-

tutions, which may be due to the finding from Figure 3 that there exists a significant proportion

22 Actually, average trading volume, turnover value, and turnover ratio in the highest decile are the highest amongst
all ten deciles. Graphically, the average turnover value for institutions is almost uniformly distributed amongst
deciles.
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of naive institutional investors. In fact, Panels A and B of Figure 4 reveal that institutions do

trade actively when ex ante skewness is very high.

4.2 Profits by Investor Classification

To further study investors” behavior and their profit patterns, we separate profits into two part-
s: one due to day trading, and the other from interday holdings. In consideration of the fact
that institutions also trade a lot when skewness are very high, and that there exist quite a few
naive institutional investors, we also group investors by their profitability and further study the

trading characteristics for different groups of investors.

4.2.1 Splitting of Profits/Losses

Recall that Chinese warrant market allows for “T 4 0” trading, which means that, once an in-
vestor buys a warrant, he/she can sell it immediately on the same day. Also, the daily turnover
ratio can be as high as hundreds of percent! Thus, to track investors” profits/losses more effi-
ciently, we compute intraday trading profits (“Day Trade Profits”) and interday holding profits
(“Holding Profits”) as follows. On each trading day, the “Day Trade Profits” for one specific war-
rant consist of the sum of signed (positive means sell, negative represents buy) cash flow due to
the trading of this warrant, plus the daily net position change times the closing price of the war-
rant. The “Holding Profits” are computed as the daily price change times the held position at the
end of the previous trading day. Mathematically, denote the sum of signed cash flow on day i as
c;, the net position change on day i as n;, the holding position at the end of day i as &;, and the
closing price on day i as p;. Then? the “Day Trade Profits” and the “Holding Profits” on day i are

ci +n;p; and h;_1(p; — pi—1), respectively. To add clarity, the splitting process is demonstrated in

B Assume by = 0, Ck+1 = M1 = 0, and n; = h; — hj_y. Let pyyq represent the exercise profits (if any) at the
maturity day T.
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Table 7.

Given the notations in Table 7, we have that the overall “Day Trade Profit” is

and that the overall “Holding Profit” is

k+1

Y hica(pi— pic1).

i=1
More importantly, the sum of the “Day Trade Profit” and the “Holding Profit” is

k+1 k+1 k+1
Z (Ci +nipi + hi_1 (pi — Pi—l)) = Z (Ci + hipi — hi—le‘—l) = hgpry1 + Z Ci,

i=1 i=1 i=1

i.e., the sum of all signed cash flows plus the exercise profit, which is exactly the total profit
accrued from trading one specific warrant. We thus have successfully split the profits into two
parts: “Day Trade Profit” and “Holding Profit”. Note that, on each trading day, we can imple-
ment the above splitting process for every investor’s trading in every warrant, so that we can
compute the “Daily Profit” as the sum of the “Day Trade Profit” and the “Holding Profit” on the
same day. It will soon be apparent that this way of splitting profits can provide more insights
about investors profit/loss patterns.

As a first application, we can obtain that, overall, the “Day Trade Loss” (including transaction
costs of CNY 0.793 billion) is CNY 1.315 billion, the “Holding Loss” (excluding exercise profits) is
CNY 0.628 billion, and the final exercise profit is CNY 0.481 billion. For OTM expired warrants,
the “Day Trade Loss” (including transaction costs) is CNY 0.469 billion, and the “Holding Loss”

is CNY 0.907 billion, which accounts for 65.9% of total losses.
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The last four columns of Table 6 show, for three groups of investors (full sample, individuals,
and institutions), the averaged daily profits, day trade profits, holding profits, and transaction
fees in each skewness decile. We find from Panel A that, for all investors, the average transaction
fee for the highest skewness decile is significantly higher than that for the lowest decile, which is
consistent with the fact that trading volume and turnover value for the highest skewness decile
are significantly higher than that for the lowest decile. The daily profit, day trade profit, and
holding profit for the highest skewness decile are negative and significantly lower than those
for the lowest skewness decile, which is consistent with the results reported in Table 4 that, in
aggregate, investors pay for high skewness.

The last four columns of Panel B in Table 6 present results for individual investors. Again,
the results are quite similar to those reported in Panel A for all investors. We point out that,
in terms of t-statistics, the differences between the extreme deciles for individual investors are
slightly more significant than those for all investors, indicating that the patterns with respect to
ex ante skewness reported here for individual investors are slightly more sharp than those for all
investors.

The results for institutional investors are quite different. The difference in holding profits
between extreme deciles is insignificant, while the difference in day trade profits between ex-
treme deciles is both economically and statistically significant. Taking the two parts together,
the difference in daily profits between extreme deciles is economically large but statistically in-
significant. Moreover, consistent with the pattern in turnover value, the difference in transaction
fees between extreme deciles is also insignificant. Another interesting finding here is that, on
average, institutions” daily profits and day trade profits accrued in the highest skewness decile

are positive and higher than those in the lowest decile.”* This fact is consistent with the evidence

241n fact, for institutions, their average trading volume, turnover value, turnover ratio, day trade profits, and daily
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from Table 5 that institutions do trade warrants with high skewness actively, but do not pay for

this skewness via lower profits.

4.2.2 Study Based on Investor Classification

Recall the fact that institutions do not perform systematically better than individuals. In order
to better understand investors’ behavior on the Chinese warrants market, it is desirable to group
investors by their profitability. The results are reported in Table 8. We find that, interestingly,
the average value per trade is U-shaped: on average, the top 0.1% investors trade over CNY 0.44
million per trade, the bottom 0.1% investors also trade about CNY 0.27 million per trade, while
investors in the 30th to the 70th percentiles trade less than 10 thousand yuan per trade. These
findings indicate that there are “super” investors (i.e., investors with large portfolio values) in
both tails. The value-weighted ex ante skewness is also U-shaped, which indicates that both the
top and bottom 0.1% of investors heavily trade warrants with high ex ante skewness. Although
the difference between the value weighted ex ante skewness for the top and bottom 0.1% of
investors is statistically significant, the economic difference of 1.41 is very small since the range
of ranked skewness is from 1 to 100. This evidence can be further verified by comparing Panels
C and D in Figure 4. Thus, the evidence suggests that the top and bottom 0.1% of investors
exhibit similar trading behavior. But there have to be some differences between these groups
since their profitabilities exhibit the exact opposite patterns. We now proceed to look for such
heterogeneities.

The fourth column of Table 8 shows that the average number of trades also depicts a U-
shaped pattern, but is skewed toward the most profitable investors: this quantity for the top 0.1%

of investors is more than 6 times that for the bottom 0.1% of investors. The column Turn. reports

profits are largest for the highest skewness decile. Detailed results are available upon request.
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the proportion of total turnover value contributed by the various groups of investors, which
is consistent with the pattern in number of trades: turnover value for the top 1% of investors
accounts for more than 57% of the total. The turnover value for the top 0.1% accounts for more
than 44% of the total, which is more than 10 times that of the bottom 0.1%.

Aside from trading behavior, we are also interested in investors” warrant-holding behavior.

To this end, for investor i, we define a measure as follows

Yw, 1) HoldingPositionﬁ'N’ ;

HRatio' := : R
Yqw, 1y TradingVolumey,

where HoldingPosition@vlt and deingVolumeéNl ; represent investor i’s day-end holding posi-
tion and daily trading volume for warrant W on day ¢. So the holding ratio, H Ratio', is the ratio
of aggregated holding position over aggregated trading volume for investor i. The sixth column
of Table 8 shows that the average holding ratio for the bottom 0.1% of investors is more than
ten times higher than that for the top 0.1%. The holding ratio is also a salient characteristic that
differentiates the group of top 0.1% investors from other groups: the ratio for each other group
is at least five times higher than that for the top 0.1% group.

In summary, both the top and bottom 0.1% of investors trade a lot when ex ante skewness
is high, but the top investors trade much more actively and hold smaller positions interday. As
a result, the column labeled PpTurn (profit per turnover value) in Table 8 shows that the top
investors” profits account for 0.09% of their total turnover value, while the bottom investors’
losses account for 0.64% of their total turnover value. Table 8 also reveals that, in aggregate,
the net profit (NetP) of the bottom 0.1% of investors (by profitability) accounts for more than
one quarter of the total. Moreover, the columns HoPRatio and FareRatio show that, for the

most profitable 0.1% of investors, the holding profit accounts for less than 40% of the total net
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profit, and transaction costs account for more than 18% of their net profit. The low proportion
of holding profit and the high transaction cost incurred by the top 0.1% investors indicate that a
considerable proportion of top investors are sophisticated and skilled.

Readers may be wondering if big investors can perform systematically better than small in-
vestors. To this end, we sort investors by value per trade® (a proxy for investor size) and report
characteristics of interest in Panel B of Table 8. We find that, on average, only super investors
(top 0.1%) and big investors (top 1%) profit via their trades. The big investors are also those who
trade more frequently and hold less. Interestingly, it is the smallest investors (bottom 0.1%) who
trade warrants with extremely high ex ante skewness. Here, the pattern in ex ante skewness is
much clearer than that in Panel A. The small investors (bottom 10% in terms of value per trade)
also tend to hold warrants for several days on average. For tiny investors (bottom 0.1%), the
ratio of net loss to total trading value is 78.81%!

In the last two columns of Table 8, we report the number of investors that had ever held put
warrants and their underlying stocks simul’caneously.26 We find that there are 2,539 put warrant
investors (3 institutions) that had ever held the corresponding underlying asset. The average
holding period length is 31.4 (14.0) trading days for individuals (institutions). The distribution
of these investors is quite symmetric among different groups by investors” profitability. So it is
unlikely that rational hedging needs drive the profit/loss patterns.

Note that trading performance in warrants, as opposed to that in stocks, can be more readily
traced to investor sophistication or lack thereof. Specifically, in equity markets, it may be difficult
to ascertain if a winning (losing) trader is sophisticated (naive) or he/she is just lucky (unlucky)

over a short period. But in an options market, holding deep out-of-the-money options that are

BSince Chinese warrants allow for “T + 0” trading, intraday trades can offset each other. This implies that aggre-
gate trading volume does not contain reliable information about the capital strength of investors.
26During our sample period, short selling of common stocks is prohibited in China.
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very close to maturity is clearly an unwise strategy. More specifically, we show in Section 5 that
some warrant holders hold positions whose values are assured of falling to zero.”

To show that these trading and holding behaviors could play important roles in distinguish-
ing the profitability of the top group versus that of the others, we next turn to the trading behav-

ior of different groups of investors in deep out-of-the-money options.

4.3 Trading and Profits in OTM Expired Warrants

Recall from Table 2 that the bulk of investors” underperformance can be attributed to OTM ma-
tured warrants. It is worth further looking at trading behavior during the period right before the
maturity date, since investors trade very actively during this period. We are particularly inter-
ested in time series variations for trading volume, day end holding positions, day trade profits,
as well as holding profits for different groups of investors. Figure 5 shows the average closing
price and average turnover ratio during the last 50 trading days for all OTM expired warrants.
We find that significant changes in price and turnover ratio occur when the time to maturity is
close to 10 days, and the pattern is very clear for the last five trading days. So we next focus on
the behavior during the last 10 trading days. The results are shown in Tables 9 and 10.

Panel A of Table 9 shows that the averaged (across OTM expired warrants) proportion of
trading volume by the top 0.1% of investors decreases gradually during the last four trading
days, while that by the bottom 10% increases considerably during the same time. Changes in
volume due to group (0.1% ~ 10%), group (10% ~ 90%], and the group comprised of institu-

tions are relatively small. Interestingly, on the last trading day, the proportion of trading volume

27 Another issue is whether investors who experienced capital reductions did so in just one or two warrants, or
extremely correlated warrants. In this respect, note that we have 48 warrants written on 41 different underlying
stocks, and that there are both calls and puts. Figure OA.2 in the Online Appendix shows the histogram of pairwise
correlation coefficients of closing prices among all 48 warrants, and shows that there is sufficient heterogeneity in
our sample. Further, Figure OA.3 in the online appendix demonstrates that the per capita net profit is relatively
diversified across 48 warrants.

24



by institutions is still very high. Noting from Figure 2 that deep OTM warrants with a short time
to maturity have extremely large ex ante skewness, this last observation is consistent with our
early findings that there are naive institutions who actively trade warrants with high skewness.

Panel B of Table 9 shows the holding patterns for different groups of investors. It is known
that holding deep OTM warrants that are close to maturity is dangerous. As expected, the top in-
vestors “know the rules:” The top 0.1% almost completely clear their position, and the top 1% of
investors also lower their position significantly as maturity approaches. The aggregated position
of the bottom 10% investors does not exhibit any clear pattern. The most striking phenomenon
occurs for the middle group (10% ~ 90%]: during the last four trading day, the position propor-
tion increases by more than 75%! Recall from Figure 5 that, during the last four trading days,
the average price of OTM warrants decreases from over 1 CNY to less than 0.2 CNY, a decrease
of more than 80%! The holding behavior of “middle” investors is reminiscent of a “doubling”
strategy in stock trading: after suffering significant losses, investors increase their position (to
profit from a potential rebound of the stock price). However, it is also known (at least among
sophisticated option traders) that the doubling strategy is inappropriate for deep OTM options
which are very close to maturity, since the price decrease is the natural decrease due to the decay
of time value in option prices, i.e., there is unlikely to be a rebound.

By analyzing account level trading data for the Baosteel call warrant (code: 580000.SH),
Gong, Pan, and Shi (2017) show that the inflow of new investors is important in initiating and
sustaining overvaluation in this warrant. We next address the issue of whether it is first-time
(new) or existing investors that hold OTM warrants as maturity approaches. Figure 6 reports
the proportions of aggregated position in OTM warrants by investor type. On each trading day,
we split holding positions into three parts: the first consists of positions held by new investors

(investors that first trade the specific warrant on that day), the second is the sum of net daily
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position changes by existing investors who increase positions on that day, the third includes the
remaining positions. We find from Figure 6 that a significant portion of holdings is due to exist-
ing investors who increase their day-end holding position, and that many investors hold OTM
warrants interday as maturity approaches. While investors may choose to hold OTM warrants
till maturity due to a reluctance to realize their losses (the disposition effect-viz. Odean 1998),
note that in an options market, investors’ losses are mandatorily realized at maturity with a
rebound being extremely unlikely.

Panel A of Table 10 shows the averaged day trade profit from trading OTM expiring warrants.
We find that individuals” holding profits are more severely affected by holding, as opposed to
conducting day trades in OTM warrants when close to maturity. While top investors (top 0.1%
and (0.1% ~ 10%]) can profit by conducting day trades on OTM warrants even when they are
very close to maturity, the opposite is true for the two groups ((10% ~ 90%]| and bottom 10%).
However, as expected, Panel B of shows that holding warrants close to maturity hurts even the
top investors’ (top 0.1% and (0.1% ~ 10%]) profits. Consistent with the increasing positions by
group (10% ~ 90%], holding warrants materially increases adverse performance for this group
during the last four trading days. Combining Panels A and B, Panel C of Table 10 shows the
daily profits with respect to the number of days to maturity. We find that no group of investors
make substantial profits by trading deep OTM warrants that are very close to maturity.”®

We have shown that a considerable number of investors traded OTM warrants very actively
when these warrants were very close to maturity. Although the prices of these warrants were
generally very low and their ex ante skewness was high, we will show in the next section that in

many cases, given the specific mechanism of the Chinese warrants market, the return in many

2In Tables 8-10 and Figure 6, the sorting on investors’ profitability is based on the full sample. When we classify
investors by partial sample obtained through excluding the 20 (resp. 10) days before the last trading day of OTM ex-
pired warrants, the results are qualitatively similar. If fact, Figure OA .4 in the Online Appendix shows that investors’
order of full sample profits is highly correlated with partial profits that exclude the last few days before expiration.
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cases was actually an assured —100%.

5 Lottery or Guaranteed Reduction in Capital?

In this section, we first conduct a case study on a deep OTM matured warrant, the ZhongYuan
CWBI1, which can help us to better understand the sources of investors’ profits. We then review
the price limit rules in the underlying asset and in the Chinese warrant market, which shows that
investors and regulators were not fully familiar with the derivatives contract; this contributed to

investors” adverse performance.

5.1 Case Study: ZhongYuan CWB1 (580018)

After the split-share structure reform launched in China, the so-called warrant-bond (i.e., bond
with detachable warrants) became one of the important instruments for refinancing. On January
28, 2008, the COSCO SHIPPING Company Limited”’ (hereafter, COSCOL) issued 10.5 million
warrant-bonds with a face value of 100 yuan. The issue price was also CNY 100 yuan. For
every ten bonds held, the subscriber obtained 49 warrants, the ZhongYuan30 CWBI (580018.SH).
As such the total number of warrants circulated was 51.45 million, which was fixed during the
lifespan of the warrant.

The ZhongYuan CWBI1 (580018.SH), listed in Shanghai Stock Exchange on February 26, 2008,
was a call contract maturing on August 25, 2009. The last trading day is August 18, 2009 (7
calendar days before maturity). The warrant could be exercised during the period August 19,
2009 through August 25, 2009. The initial strike price of ZhongYuan CWB1 was 40.38 yuan

with an exercise ratio of 0.5, i.e., holding one warrant provided the right to buy 0.5 share of the

290n December 7, 2016, the company officially changed its name to “COSCO SHIPPING Specialized Carriers Co
Ltd.”
30The Chinese name of the company was Zhong Yuan Hang Yun.
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underlying stock, the Zhong Yuan Hang Yun (600428.SH). According to the rules set by SSE, the
strike price and the exercise ratio were to be changed if the underlying stock paid dividends or
split its stock (please refer to Appendix A for details). In our case, the underlying stock 600428.SH
paid dividends twice during the lifetime of the warrant 580018.SH: the first ex-dividend day was
May 22, 2008 (with a cash dividend of 0.7 CNY per share), and the second was September 23,
2008 (2-for-1 split accompanied by a cash dividend of 0.2 CNY per share). Accordingly, from
May 22, 2008, the strike price was 39.66 yuan, and the exercise ratio was 0.5; from September 23,
2008, the strike price was 19.26 yuan, and the exercise ratio was 1.01.

Due to the price limit rule in the stock market, we can show that, given the closing price of
the underlying asset, the day-end maximum payoff for warrant 580018 on its last trading day is
zero.”! However, the closing price of the warrant on its last trading day was 0.957 yuan, and the
minimum trading price during the last trading day was 0.831 yuan! Figure 7 shows the intra-
day trading of ZhongYuan CWB1 during its last three trading days. We can see that, investors
conducted unsophisticated trades in the deep OTM warrant: trading was halted twice during
the last two trading days because of a sudden price rise before each suspension.

Investors became frenzied during the last trading day in that warrants with a day-end funda-
mental value of exactly zero were turned over at a 1700% rate, with prices over 0.8 yuan. Noting
that this is the last trading day, investors, especially those who held the warrant till the end of
the day, indulged in an extreme version of irrational speculation. In fact, anecdotally, during
this “Last-Trading-Day” frenzy, out-of-the-money expired warrants experienced frantic trading
frenzy during their last few trading days in many instances and the turnover ratio exceeded

hundreds of percent on several occasions. Figure 5 provides evidence on this issue.

31From the appendix, it follows that the day-end maximum payoff on the last trading day is max(0, 11.71 x (1 +
0.1)% — 19.26) x 1.01, where 11.71 is the closing price of its underlying on the last trading day, 19.26 is the strike price,
0.1 is the maximum daily return in the Chinese stock market, 5 is the number of trading days remaining till maturity,
and 1.01 is the exercise ratio.
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We attribute this behavior to the notion that who hold warrants after the market closing of
the last trading day treat warrants as stocks. Indeed, after the market close on the last trading
day, there are investors who ask questions on bulletin boards like “will my warrants become
worthless tomorrow?”, “why is trading [in warrants] suspended?”, “will the warrant disappear
forever?”, etc., indicating their unawareness of the role of maturity. Figure 8, a screen shot from
one of the most famous stock forums in China, offers more interesting details about investors’
lack of knowledge on the mechanism of warrant trading.

The case of ZhongYuan CWB1 demonstrates how naive investors forfeit their investment by
paying positive prices for surely worthless warrants.*” The ZhongYuan CWB1 is not alone, how-
ever. There are several other warrants in which a similar phenomenon occurs. Table 11 reports
the trading summaries for 17 warrants that have a guaranteed zero payoff at market close on
their last trading day.*® Table 11 reveals that for 11 warrants, the closing prices and the low-
est trading prices on their last trading day are lower than or equal to 0.01 yuan, and that for 8
warrants, the highest trading prices are higher than 0.25 yuan. As a result, the volume-weighted
average trading price on the last trading day ranges from 0.007 yuan to 1.438 yuan, and the corre-

sponding trading volume is huge! In the last five columns of Table 11, we report the distribution

32Nonetheless, there are some investors who can make money by conducting day trades. In unreported analyses,
we find that, on the last trading day, there is (only) one institution who conducts four trades and earn net profit of
267 yuan. Also, among those top 0.1% investors, twelve investors trade 264 times and earn a net profit of 0.22 million
yuan. As a matter of fact, both the institution and those twelve investors from the top 0.1% group clear their warrant
position before the market closing of the day.

3BIn addition, there are 15 warrants that have a guaranteed zero payoff before market opening on at least one
trading day. Table OA.1 in the online appendix reports the details. Also, another relevant concern is that holding
a worthless warrant is not necessarily irrational if it is not possible to trade its underlying at the daily limit price.
However, for all warrants listed in Table 11, their underlyings are tradeable on the day of expiration. There is only
one warrant (038004), whose underlying (000858) hit the lower limit on April 1, 2008, which is the trading day right
before expiration. Note that the moneyness of the put warrant 038004 at the market closing of its last trading day is
—1.527, which means that exercising the warrant is meaningful only if the underlying hits the lower price limit during
more than 14 consecutive trading days right after the last trading day (log(0.9'%) = —1.475 and log(0.9'%) = —1.580)
or, in other words, only if the underlying price decreases by more than 77%! The cases for other warrants in Table
11 are similar since all of them are deep OTM at the market closing of their last trading day. Thus, it is a dominant
strategy for investors to sell the warrant and buy shares directly through the stock market if they are bullish /bearish
about the underlying asset.
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of trading volume among different groups of investors during the last trading day. We find that
most trading was conducted by individual investors, and that the majority of trading volume is
contributed by the bottom 10% of investors (by profitability).>* These observations are consistent
with those reported in Table 9 for all OTM warrants. Given the low commission fee (usually be-
tween 0.1% to 0.3% of trading value with a minimum of 5 yuan per trade)” and a minimum lot
size of 100 shares (see Appendix A), transaction costs are unlikely to explain why these warrants
were held (instead of being sold) at close on the last trading day for a guaranteed 100% loss.*°

It is also of interest to see if there is any evidence of learning. Thus, we wonder if prices
of worthless OTM warrants are closer to zero in the latter part of the sample, and if those who
erred make the error again. To this end, Panel A of Figure 10 shows, in chronological order, the
closing prices and the volume weighted mean prices on the last trading day of all warrants listed
in Table 11. As can be seen, there is no clear pattern that prices of OTM worthless warrants are
decreasing. Panel B shows that the proportion of old investors (who had ever held warrants till
the end of last trading day) that err again is significantly lower than that of old investors (who
had ever trade warrants on their last trading day) that trade last-day warrant again. In fact,
there are 4,131 investors who had ever hold warrants with guaranteed zero payoff until the end
of the last trading day, and only 153 (or 3.7%) of them erred more than once.”” There are 15,455

investors who had ever traded warrants with guaranteed zero payoff on the last trading day,

34Figure OA.5 in the online appendix shows that small investors and those that have suffered greater losses previ-
ously have a stronger tendency to hold deep OTM warrants after market closing on last trading day.

35 A few brokerage houses abolished the restriction of a minimum commission fee per trade for some clients. In our
sample, there are 5,990,064 trades (or 28.3%) which have a commission fee of exactly 5 yuan, and 168,960 trades (or
0.8%) with fees lower than 5 yuan.

36Unreported results confirm that closing portfolio values on the last trading day commonly exceed the minimum
commission fee of 5 yuan per trade. Taking 580018 and 580997 as representative, the closing price for warrant 580018
(580997) on its last trading day is 0.957 (0.002) yuan. Position values at the end of the last trading day are higher
than the minimum commission fee of 5 yuan for more than 99% (60%) of investors that hold warrant 580018 (580997).
Figure OA.6 in the online appendix provides the details.

37Figure OA.7 in the online appendix shows the distribution of investors by the number of times that investors
erred, i.e., held deep OTM expired warrants till the end of the last trading day.

30



and 2,183 (or 14.1%) of them traded at least two different warrants with guaranteed zero payoffs
on their last trading day. However this low proportion (3.7%) of investors who err more than
once does not necessarily mean that investors learn efficiently. In Panel C, we split investors who
trade the current warrant on its last trading day into two groups. The first group, which we term
new investors, consists of investors who never hold previous warrants till the end of their last
trading day. The second group, which we term old investors, consists of those who had ever
hold previously expired warrants till the end of last trading day at least once. A statistical test
is not able to conclude that the proportion of investors err among the group of old investors is
lower than that among new investors.*®

The empirical evidence in this section is consistent with the theoretical implications of Carlin
(2009) that complexity can prevent prices from converging to fundamentals despite the existence
of a large number of suppliers. The results also support the notion that retail investors” finan-
cial literacy has lagged behind the ever-increasing complexity of financial products, but they
nonetheless choose to participate in the market for complex assets (Carlin and Manso 2011). The
fact that many investors in the warrants market could not fully comprehend simple concepts like
maturity and strike price is also related to the emerging literature on financial literacy: Lusardi

and Mitchell (2014) and Keys, Pope, and Pope (2016) show that low levels of financial knowledge

incur significant losses for households.*’

38Figure OA.8 in the online appendix shows that super investors (top 0.1% in terms of value per trade), the most
profitable investors (top 0.1% in terms of net profit), and institutional investors do not make the same mistake (of
holding worthless warrants after expiration) more than once.

39Lusardi, Michaud, and Mitchell (2017) embed financial knowledge into a stochastic life cycle model and show
that the new model can generate higher level of wealth inequality than some classical models and that financial
knowledge and lack thereof can account for more than 30% of retirement wealth inequality.
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5.2 Trading Mechanisms Revisited

Another interesting phenomenon from the middle panel of Figure 7 is that, during the last 20
minutes on the penultimate trading day, the trading price stays at the level of 2.203 yuan, and
the trading volume suddenly decreases to a very low level. This phenomenon is caused by the
price limit rule in the Chinese warrant market. Under the rule, any order with price lower than
the lower price limit cannot be submitted or executed. Figure 9 shows order book data during
this period. The low trading volume, together with the high volume at the best ask (which
equals the lower price limit) in this period, indicates that the majority of investors believe the
price should decrease to a lower level. In fact, the maximum possible payoff at the end of the
penultimate trading day is 1.20 yuan. However the lower price limit on the same day, which is
2.203 yuan in this case, prevents the warrant price from falling to a lower level.

Recall the formula in Appendix A that, subject to a rounding error, the daily price limit of a

warrant on day ¢ + 1 can be written as
[mﬂ 2 max (0, W; — Sy x 0.1 x 1.25 x ER), Wy = W; +S5; x 0.1 x 1.25 x ER|, (1)

which is determined by the closing price W; of the warrant, the closing price S; of its underlying
asset on the previous trading day ¢, and the exercise ratio ER.* It is easy to see from Eq. (1)
that, if a deep OTM warrant is significantly overpriced and its underlying price is very low,
i.e., when W; is large and S; is small, the lower limit W, defined here can be well above 0.
These assumptions are easily satisfied by many deep OTM call warrants. For these warrants, the
trading mechanism can prevent warrant prices from falling to zero, since any trading below the

lower price limit W, , ; is prohibited.

40ER is the number of shares of the underlying stock one can buy or sell when holding 1 warrant.
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Table 12 reports the number of trading days (out of their last 20 trading days) on which war-
rants” lower price limit for trading is higher than their day-end theoretical prices.* When we
use Black-Scholes prices as fundamentals (the column Npg;), there are 8 warrants for which, on
more than ten trading days during a 20-day period, the lower price limits are strictly higher than
the corresponding fundamental values. When we double the volatility parameter, which results
in unreasonably high volatilities and thus significantly increases the theoretical values, the num-
bers (in column Npsy) only slightly decrease for most warrants.*> When we use a more extreme
value, i.e., the warrant’s maximum payoff, as a proxy for the theoretical price, there are still ten
scenarios in which the lower price limit is higher. It is reasonable to conjecture that even the
regulators in the warrants market did not fully understand the contract and properly anticipate
the trading behavior of market participants. Specifically, while price limits are supposed to pro-
tect investors from market manipulation (Brennan 1986; Kim and Park 2010), in this particular
instance, the limit completely prevented the convergence of prices to fundamentals on occasion

and ended up facilitating investors” underperformance.

5.3 Learning from Experience: A Followup Options Market in China

The previous analysis indicates that phenomena in the warrants market were not consistent with
agents comprehending derivatives and trading them rationally. Further, Figure 10 indicates that
it may not be desirable to depend wholly on investors’ learning via trading (Nicolosi, Peng, and
Zhu 2009) for markets to speedily reach maturity. Given this observation, how might exchanges
prevent such episodes from recurring in the future? Some insights on these issues can be ob-

tained by considering the case of a next-generation options market in China.

#1Using theoretical prices at the end of the previous trading day results in qualitatively similar results. Please refer
to Table OA.2 in the online appendix for details.

42Gince the goal of the split-share reform is to convert non-tradeable shares to tradeable ones (see, e.g., Gong, Pan,
and Shi 2017), no brand new shares are issued when warrants are exercised. As such, there are no dilution effects.
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Specifically, on February 9, 2015, China launched a new class of options on the Shanghai
Stock Exchange (SSE).*’ The options were based on the exchange-traded fund (ETF) that tracks
the blue-chip SSE50 index, composed of the 50 largest publicly traded stocks on the bourse.

Due to the painful experience in the prior warrants market, China started the new market
gingerly. All individual investors were required to pass three progressive examinations (con-
cerning knowledge of options and typical options strategies) before they qualified for options
trading.** The SSE required all options trading operators to conduct regular investor education.
These requirements minimized the likelihood of investor naiveté driving prices.

Beyond the above programs, the SSE also mandated that individual investors” balance (in-
cluding cash and shares) in their trading account should be no less than 500,000 Chinese yuan,*
and all individual investors were required to have prior experience of futures trading or margin
trading. These strict access conditions are consistent with the insights provided in Brunnermeier
and Oehmke (2009) that one way to deal with the complexity (in financial markets) is to restrict
the set of qualified investors. The practice is also consistent with the empirical findings showing
that a financial education program may have modest effects on financial behavior (Cole, Samp-
son, and Zia 2011) and that mere availability of unbiased financial advice is not sufficient for
benefiting retail investors (Bhattacharya et al. 2012). The constraint on total account balance fur-
ther limits the likelihood of errant prices, given earlier findings that the proportion of agents that
err tends to be higher among small investors (see Figures OA.5 and OA.8 in the online appendix).

The exchange also introduced fifteen designated market makers and imposed many strict

43This is the first exchange traded stock option market launched in China after the last exchange traded warrant
(ChangHong CWBI1, 580027) expired on August 11, 2011.

#The three progressive exams correspond to three levels of qualifications for options trading: a level one qualifica-
tion allowed using options to hedge (sell calls or buy puts when holding enough underlyings); level two allowed for
taking long options positions regardless of investors” underlying position; and level three investors qualified for all
possible options trading strategies regardless of investors” underlying position.

45 Although China has around 50 million active equity trading accounts, only about 5% of them meet this criterion.
As of the end of 2016, 202,013 investors (including 3518 institutions) had opened options trading accounts. Further
details are available in the annual SSE Factbooks at http:/ /www.sse.com.cn/aboutus/publication/factbook/ .
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rules and evaluation criteria for these traders.*°

Note that designating market makers and e-
valuating them circumscribes the likelihood that options might be traded at clearly irrational
prices. Thus, quoting a positive ask for a surely worthless option doubtless would attract regu-
lator scrutiny, and also would run the risk that the market maker would end up with a positive
inventory of that option, as the dealer of last resort.

Subsequent to the implementation of the above features, the current options market in China
functions relatively smoothly. Figure OA.9 in the online appendix shows that most trading in
this market occurs when close to ATM, trading volume decreases steadily as deep OTM expired
options approach maturities, and trading prices of deep OTM expired options are vanishingly
small in the few days before expiration. All these phenomena are what would be expected in a
mature options market.

In this newer market, there is a price limit rule*” similar to to that used in the earlier Chi-
nese warrants market; see Eq. (1) in Section 5.2. Thus, the lower price limit continues to be
problematic for potentially overvalued deep OTM call options. However, as shown in Figure
OA.9 in the online appendix, prices and trading volume in the market are at sensible levels. In
particular, the bottom plot in Figure OA.9 shows that trading frenzies in deep OTM warrants

revealed within Table 11 are absent from this market*® and, since deep OTM call options are not

materially overpriced, we do not observe cases like those exhibited in Table 12 in the market.

46 Although the SSE allowed a group of qualified brokerage firms to originate (create) additional shares for some
warrants, there was no designated market maker in the Chinese warrants market. The market makers in the new op-
tions market are usually responsible for providing double-sided (both buy and sell) quotes. There also are constraints
on maximum bid-ask spreads, minimum quote size, the minimum fraction of coverage (of different option contracts),
the maximum response time (after receiving a request for quotation), etc. The SSE conducts an annual evaluation
on market making quality of all market makers. Depending on results, market making privileges are liable to be
cancelled.

47See www.sse.com.cn/assortment/ options (in Chinese). The lower price limit O;, for both calls and puts is
Oi1q £ max (0.0001, Ot — St x 10%), where Oy is the option’s settlement price at market close on day ¢, S; is the
closing price of the underlying asset, and 0.0001 is the minimum tick size for options quotes.

48Unreported analyses indicate that there are some trades in worthless options, but the trading volume is very low
and the corresponding trading prices are only a few basis points.
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Overall, the improved performance of the follow-up options market clarifies features (i.e, the
afore-mentioned investor education requirements, screening based on investor sophistication
proxies, and designated dealers) that enhance smooth functioning of markets for assets with

complex payoffs.

6 Conclusion

A major focus of the behavioral finance literature is the issue of whether agents exhibit biases
while investing in simple securities (such as equities), for example, due to overconfidence or
loss aversion (Barber and Odean 2000, Barberis and Huang 2001). We analyze a related issue:
Do agents comprehend the payoff functions associated with more complex securities such as
options, as is assumed in no-arbitrage settings? Further, why and how do investors profit in
nascent markets for such securities? We address these questions in the context of an episode
in China, wherein equity investors obtained access to warrants as a result of regulatory reform.
That there were no prevailing options markets at the time of the warrant issuance makes this
event particularly useful in analyzing whether investors are able to understand the basics of
unfamiliar contracts during the initial stage of the derivative market’s evolution.

Using a proprietary brokerage account dataset, we provide evidence that investors trade
warrants with high ex ante skewness and also pay for high skewness. The effect is much more
salient for individuals than that for institutions. In fact, we find that institutions can earn money
by trading warrants with high ex ante skewness. However, institutions are not systematically
more smart than individuals: there are several naive institutions as well. On average, individuals
earn profits by holding warrants with lower skewness interday, but suffer adverse performance

by conducting intraday trading; while institutions” profits are mainly due to intraday trading of
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warrants with high skewness. The top (in terms of total net profit) 0.1% investors trade extremely
actively and hold the least amount of warrants interday. The behavior of the extremely active top
investors indicates that their profitability is mainly due to their trading skills rather than their
informational advantages.

We further find that quite a few investors are challenged in their understanding of options:
they simply treat warrants as common equity, because they act as though complete forfeiture
of investment is unlikely, as in the latter class of securities, rather than highly likely, as in the
former class. Specifically, investors hold deep OTM warrants till maturity and/or even adopt
a so-called “doubling” strategy as warrants approach their maturities. Several investors pay
positive prices for derivatives that guarantee a reduction in invested capital owing to price limits
in the underlying asset market. Our additional consideration of the price-limit rule in the warrant
market indicates that even regulators exhibit a lack of familiarity with the warrant market in
that price limits bounds preclude the convergence of warrants to fundamental values. We thus
emphasize the importance of ensuring financial sophistication in derivatives markets.*’

Bali and Murray (2013) and Boyer and Vorkink (2014) find a strong and negative relationship
between options’ skewness and subsequent realized returns, suggesting investors overpay for
skewness in derivatives. Chang et al. (2013) and Tang and Wang (2013) document that stylized
relations between Chinese warrant prices and its underlying asset do not support theoretical
monotonicity and correlation patterns across warrants and the underlying shares. By taking
advantage of brokerage account data, our paper complements these studies by showing that
limited investor knowledge about derivatives (in particular, conflation of contingent claims with

equities) also contributes materially to trading performance in these derivatives markets.

#The notion of nominal price illusion studied in Birru and Wang (2016) could also play an important role since
OTM warrants have very low prices when they are close to maturity.
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Appendix

A Institutional Details of the Chinese Warrants Market

In China, the trading mechanism of warrants is very much like that of stocks. For example,
investors can trade warrants using their stock accounts, and the lot size (the minimum unit
for submitting orders) of trading both stocks and warrants is 100 shares. But there are some

differences, which are listed below:

(1) Risk Disclosure: After August 1, 2007, each investor is required to sign a “Warrant Risk
Disclosure Letter” in written form, which indicates that the investor fully understands the

risks of warrant trading.

(2) Tick Size: Since the warrant could be worth as low as zero, the minimum tick size for warrant

trading is set as CNY 0.001, which is one-tenth of that (CNY 0.01) for stock trading.

(3) Price Limit: both the Chinese stock and warrant markets have adopted price-limit rules,” so

that only orders with prices within some pre-specified ranges can be submitted and executed.

(i) Stock market: the maximum daily price change is 10%, i.e., the trading prices on day
t + 1 are limited to the interval [§t+1 28 x (1—-10%), S;p1 2 S x (1+ 10%)} , where
S; is the closing price of the same stock on day t. By convention, S,,; and St are

rounded to the tick size for stocks, i.e., CNY 0.01.

(ii) The price limits for warrant trading are computed by considering absolute prices rather

S0 All trading rules are set by the relevant exchanges and approved by China Securities Regulatory Commission
(CSRC).
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than percentages: the trading prices of warrants on day t + 1 are limited to the interval
[mﬂ £ max (0, W; — (St — S;11) X 1.25 x ER), Wiy1 = Wi+ (Si41 — St) x 1.25 X ER|,

where W; is the closing price of warrant on day ¢, S, ,; and S;1 are the price limits of the
underlying stock on day ¢ + 1, and ER is the exercise ratio’! of the warrant. Again, by

convention, W, and Wi, are rounded to CNY 0.001, the tick size of warrant trading.

(4) Intraday Trading: In China, the stock market adopts a so-called “T+1” mechanism, i.e., the
stocks bought on day t can only be sold out on or after day t + 1. But the warrant market

adopted the “T+0” mechanism: investors can sell the warrant they buy in the same day.
(5) Order Quantity: The quantity of each order cannot be more than 1 million shares.

(6) Stamp Tax: Warrant trading was not subject to a stamp tax. Stock trading, however, is subject
to a stamp tax of 0.1% before May 30, 2007, of 0.3% on and after May 30, 2007, of 0.1% on and

after April 24, 2008, and of 0.1% for sell only on and after September 19, 2008.
(7) The rules governing changes of strike price and exercise ratio for warrants were as follows:

(i) When the underlying undergoes a stock split on day ¢, Strike_Pricene, = Strike_Pricepy X

RefP; . . _ . . CloP;_4
CloP and Exercise_Ratione, = Exercise Ratiopy X =, 7y where RefP; denotes the

reference price of the underlying on day ¢, and CloP;_; the closing price on day ¢ — 1.

(i) When the underlying pays cash dividends on day ¢, the exercise ratio remains un-

REfpt

changed, and Strike_Pricen., = Strike_Pricep;; X CIoB, -

51The shares of stock one can buy or sell upon exercise of each warrant.
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Figure 1: Trading Volume in Chinese Warrants Market by Moneyness. This figure shows the ag-
gregated trading volume in each bin of moneyness. The figure only accounts for warrant trading
in our proprietary dataset. Here we define moneyness as log(S;/K) for calls, and as — log(S;/K)
for puts, where K is strike price and S; is underlying price. The bin size for moneyness is 0.05.
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Figure 2: Ex Ante Skewness of Warrant Return vs. Moneyness. This figure shows warrant re-
turns’ ex ante skewness as a function of moneyness. We define moneyness as log(S/K) (resp.
—log(S/K)) for calls (resp. puts), where K is the strike price and S is the underlying price. We as-
sume the expected return of the underlying stock is 8%, return volatility is 40%, and the risk-free
rate is 3%. To exhibit the plots more clearly, we use a log-scale for the y-axis.
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Figure 3: Proportion of institutional investors in each group of investors (grouped by their total
net profits). We sort all investors by their total net profits, then we divide them into nine groups,
which contain investors belonging to the top 0.1% (group 1), 0.1% ~1%, 1%~10%, , 10%~30%,
30%~70%, 70%~90%, 90%~99%, 99%~99.9%, and the bottom 0.1% (group 9), respectively. The
left panel shows the proportion of institutional investors in each group. The right panel shows

Proportion (%)

the same results under the log scale for the y-axis.
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Figure 4: Trading Volume by Ex Ante Skewness. This figure shows the aggregated trading vol-
ume in each bin of ex ante skewness. We separate skewness bins by percentiles. From top to bot-
tom, respectively, the four plots show results for all investors, for institutions, for top (in terms
of total net profit) 0.1% investors, and for bottom 0.1% (in terms of total net profit) investors.
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Figure 5: Price and Turnover Ratio by Date for OTM Expired Warrants. This plot shows the
average price and average turnover ratio versus the number of trading days to maturity for all
OTM (as per the moneyness on the last trading day) expired warrants in our sample.
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Figure 6: Day End Holding Position in OTM Warrants during the Last 20 Trading Days. This
tigure shows the proportions of aggregated day-end holding positions in all OTM (as per the
moneyness at the last trading day) warrants for different profitability groups (top 0.1%, 1%o ~
10%, 10% ~ 90%, and bottom 10%), and for individuals and institutions separately. On each
trading day, we split holding positions into three parts: the first (New) consists of positions held
by new investors (investors that first trade the specific warrant on that day), the second (Re-
Enter) is the sum of net daily position changes by existing investors who increase positions on
that day, and the third (Other) includes the remaining positions.
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Panel A: Trading Summary on August 14, 2009
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Figure 7: Trading in Warrant 580018 During Its Last Three Trading Days (August 14/17/18,
2009). We plot the minimum trading price, the maximum trading price, as well as the trading
volume in each minute. The closing price in the previous trading day is marked by an aster-
isk. The dashed line in each plot represents the lower price limit on that day. According to the
“Guidance for real-time monitoring of abnormal security trading” published by the Shanghai S-
tock Exchange (version May 14, 2008), the trading of 580018 was halted from 9:35am to 10:34am
on August 17 and from 10:54am to 13:23pm on August 18, due to the sudden price rise right
before each suspension.
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Figure 8: Screen Shot of an Online Forum on Warrant 580018. This figure shows a screen shot of
the web page http://istock.jrj.com.cn/list, 580018, pl.html, which is a forum on warrant
580018. The last trading day is August 18, 2009, and its maturity day is August 25, 2009. We
translate some interesting and relevant posts to English on the left hand of the picture. Each
translation starts from the same line as the Chinese title of the post. The contents in square
brackets are our notes.
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Figure 9: Order Book and Trading Data for Warrant 580018. This plot shows end-of-minute
best ask volume, other ask volume, best ask price, best bid volume, other bid volume, best bid
price, and trading volume in each minute, for warrant 580018 during the last 30 minutes on its
penultimate trading day. Volume is measured in millions of shares. On the figure, bid/ask “1
price” means the best bid/ask price. After the ask 1 price reaches the lower price limit of 2.203
yuan, the total bid volume becomes zero and bid prices are unavailable, since investors cannot

submit buy orders with prices lower than 2.203 yuan.
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Figure 10: Prices and investors’ behavior in the last trading day for warrants with guaranteed
zero payoff. We sort warrants in Table 11 by chronological order of their last trading day. Panel A
reports closing prices and volume weighted mean prices on the last trading day for each warrant.
Panel B reports, for each warrant’s trading on the last day, the proportion of investors that had
ever traded previously expired warrants on their last trading day, and that of investors who had
ever held previously expired warrants till the end of their last trading day. In Panel C, we split
investors who trade the warrant on its last trading day into two groups. The first group, which
we term new investors, consists of investors who never hold previous warrants till the end of
their last trading day. The second group, which we term old investors, consists of those who
had ever held previously expired warrants till the end of last trading day at least once. Then for
each group, we report the proportion of those who hold the current warrant till the end of its
last trading day. In Panel C, the two sample t-test cannot reject the null of no difference between
sample means at the 5% level.
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Table 1: Meta Information for All Warrants

This table reports, for each warrant, its name, code, underlying stock’s code, type, source, the number (in millions)
of circulating shares offered at the beginning, the maximum number of circulating shares during its lifespan, initial
reference price (IRP), moneyness (Money= log[St/K] for calls; Money= —log[St/K] for puts) on the last trading
day; and its trading period and exercise period. Our dataset spans January 04, 2007 to October 16, 2009, which in-
cludes 678 trading days in total. There were 48 warrants (written on 41 different underlying stocks) traded during
this sample period. The first 13 warrants were traded in the Shenzhen Stock Exchange, and the remaining 35 war-
rants were listed in the Shanghai Stock Exchange. Almost all warrants are physically settled; the only exception is
warrant 580989, which is cash-settled. There is only one warrant (580007) which has a “put provision”: during the
exercise period, warrant holders has the additional right of selling their warrants back to issuer at price 1.8 CNY per
share. During initial issuance, all warrants are dispatched to qualified investors either as compensation of split-share
structure reform (Source equals 1), or in the form of separable warrant-bonds (Source equals 0). For some warrants
(those with MShare>Share), the Shanghai Stock Exchange allows a group of qualified brokerage firms to originate
(create) additional shares.

Trading Period Exercise Period
Name Code Stock Type Source Share MShare IRP Money Begin End Begin End
WulLiang 030002 000858 Call 1 298 — 0.889 1.666 04/03/2006 03/26/2008 03/27/2008 04/02/2008
QiaoCheng 031001 000069 Call 145 — 11.219 2.156 11/24/2006 11/16/2007 11/19/2007 11/23/2007
GangFan 031002 000629 Call 800 — 1216 0.991 12/12/2006 12/04/2008 11/28/2008 12/11/2008
ShenFa 031003 000001 Call 155 — 11472  0.660 06/29/2007 12/21/2007 11/19/2007 12/28/2007
ShenFa 031004 000001 Call 78 — 12.819 0.100 06/29/2007 06/20/2008 05/16/2008 06/27/2008
GuoAn 031005 000839 Call 96 — 6352  0.062 09/25/2007 09/17/2009 09/11/2009 09/24/2009
ZhongXing 031006 000063 Call 65 — 10.216  0.007 02/22/2008 02/05/2010 02/01/2010 02/12/2010
EJiao 031007 000423 Call 131 — 16.132 1.259 07/18/2008 07/10/2009 07/13/2009 07/17/2009
GangFan 038001 000629 Put 233 — 1.526 -1.222 11/04/2005 04/24/2007 05/08/2007 05/08/2007
HuaLing 038003 000932 Put 633 — 1161 -0.970 03/02/2006 02/22/2008 02/27/2008 02/29/2008
WulLiang 038004 000858 Put 313 — 1.327 -1.527 04/03/2006 03/26/2008 03/27/2008 04/02/2008
ZhongJi 038006 000039 Put 424 — 1.026 -1.194 05/25/2006 11/16/2007 11/19/2007 11/23/2007
JiaFei 038008 000792 Put 120 — 0862 -1.097 06/30/2006 06/22/2007 06/25/2007 06/29/2007

BaoGang 580002 600010 Call
HanGang 580003 600001 Call
ShouChuang 580004 600008 Call
WanHua 580005 600309 Call
YaGe 580006 600177 Call
ChangDian 580007 600900 Call
GuoDian 580008 600795 Call
YiLi 580009 600887 Call
MaGang 580010 600808 Call
ZhongHua 580011 600500 Call
YunHua 580012 600096 Call
WuGang 580013 600005 Call

715 919 0.321 1.078 03/31/2006 03/23/2007 03/26/2007 03/30/2007
926 1116 0.646 0.914 04/05/2006 03/28/2007 03/29/2007 04/04/2007
60 259 0475 0.818 04/24/2006 04/16/2007 04/17/2007 04/23/2007
57 62 8.163 1.804 04/27/2006 04/19/2007 04/20/2007 04/26/2007
91 253 2568 1.977 05/22/2006 05/14/2007 05/17/2007 05/21/2007
407 — 2321 0.996 05/25/2006 05/17/2007 05/18/2007 05/24/2007
151 255 1.100 1.162 09/05/2006 08/28/2007 08/29/2007 09/04/2007
111 — 10510 1.291 11/15/2006 11/07/2007 11/08/2007 11/14/2007
1265 — 0708 0229 11/29/2006 11/14/2008 11/15/2007 11/28/2008
180 — 1521 1.126 12/18/2006 12/10/2007 12/11/2007 12/17/2007
54 — 6.619 0.441 03/08/2007 02/20/2009 02/23/2009 03/06/2009
728 — 3.068 -0.260 04/17/2007 04/09/2009 04/10/2009 04/16/2009

ShenGao 580014 600548 Call 3.341 -0.846 10/30/2007 10/22/2009 10/23/2009 10/29/2009
RiZhao 580015 600017 Call 62 — 2567 -0.322 12/03/2007 11/18/2008 11/19/2008 12/02/2008
ShangQi 580016 600104 Call 227 — 8918 -0.011 01/08/2008 12/30/2009 12/31/2009 01/07/2010
GanYue 580017 600269 Call 56 — 3729 -0.228 02/28/2008 02/05/2010 02/16/2009 02/26/2010
ZhongYuan 580018 600428 Call 51 — 5973 -0.498 02/26/2008 08/18/2009 08/19/2009 08/25/2009
ShiHua 580019 600028 Call 3030 — 2486 -0.541 03/04/2008 02/24/2010 02/25/2010 03/03/2010
ShangGang 580020 600018 Call 292 — 1.719 -0.774 03/07/2008 02/27/2009 03/02/2009 03/06/2009
QingPi 580021 600600 Call 105 — 2451 0.073 04/18/2008 10/12/2009 10/13/2009 10/19/2009
GuoDian 580022 600795 Call 427 — 2.660 0.000 05/22/2008 05/14/2010 05/17/2010 05/21/2010
KangMei 580023 600518 Call 167 — 1.029 0.432 05/26/2008 05/18/2009 05/19/2009 05/25/2009
BaoGang 580024 600019 Call 1600 — 0970 -0.670 07/04/2008 06/25/2010 06/28/2010 07/02/2010
GeZhou 580025 600068 Call 302 — 1260 0424 07/11/2008 12/31/2009 01/04/2010 01/08/2010
JiangTong 580026 600362 Call 1761 — 1227 0.654 10/10/2008 09/21/2010 09/27/2010 10/08/2010

ChangHong 580027 600839 Call
NanHang 580989 600029 Put

— 1444 0.198 08/19/2009 08/11/2011 08/12/2011 08/18/2011
1400 12832 0.440 -0.132 06/21/2007 06/13/2008 06/20/2008 06/20/2008

MaoTai 580990 600519 Put 432 768 0.149 -1.141 05/30/2006 05/22/2007 05/29/2007 05/29/2007
HaiEr 580991 600690 Put 607 767 0461 -1.303 05/17/2006 05/09/2007 05/10/2007 05/16/2007
YaGe 580992 600177 Put 635 754 0.187 -1.866 05/22/2006 05/14/2007 05/17/2007 05/21/2007

WanHua 580993 600309 Put
YuanShui 580994 600649 Put
BaoGang 580995 600010 Put
HuChang 580996 600009 Put
ZhaoHang 580997 600036 Put

85 191 1.172 -1.436 04/27/2006 04/19/2007 04/20/2007 04/26/2007
280 366 0.812 -0.289 04/19/2006 02/05/2007 02/06/2007 02/12/2007
715 834 0.480 -0.878 03/31/2006 03/23/2007 03/26/2007 03/30/2007
568 593 2252 -0.647 03/07/2006 02/27/2007 03/06/2007 03/06/2007

2241 6536 0.436 -1.969 03/02/2006 08/24/2007 08/27/2007 08/31/2007
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Table 2: Summary Statistics for Each Group of Warrants

This table reports, for each group of warrants, the average number of investors (Nolnv, in thousands), the average
number of institutions (NolIns), the average moneyness (Money= log[St /K] for calls; Money= — log[St/K] for puts)
on the last trading day, the average total trading volume (Volume, in billions), the average turnover value (Value,
in billions of CNY), the average turnover value per investor (ValpInv, in millions of CNY), the average gross profit
(GroProf, excluding fees, in millions of CNY),and the average net profit (NetProf, including fees, in millions of CNY).
The column N reports the number of warrants in each group. t-statistics for testing whether these sample means are
different from zero are also computed. Differences between the out-of-the-money (OTM) and in-the-money (ITM)
groups together with t-statistics for testing whether these differences are equal to zero are reported as well. Statistical
significance at the 10%, 5%, and 1% levels is indicated by *, **, and ***, respectively. The aggregate gross profit from
trading OTM (ITM) warrants is —897.3 million CNY (227.1 million CNY). The aggregate net profit from trading OTM
(ITM) warrants is —1376.3 million CNY (—86.7 million CNY).

Group Nolnv ~ Nolns Money Volume Value ValpInv GroProf NetProf N
Overall 24700 22.5%* 0.015 14.697***  31.191*** 0.952***  -13.962 -30.478** 48
O™ 29.9%* 238  -0.862***  24.135*  37.387***  0.822**  -39.011** = -59.837*** 23
IT™ 19.9%  21.4%*  0.821* 6.013**  25.490**  1.072*** 9.084 -3.467 25
OTM-ITM  10.0* 24 -1.683***  18.123* 11.898 -0.250* -48.095%**  -56.370** = —
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Table 4: OLS Regressions of Profits and Trading Volume on Value Weighted Ex Ante Skew-
ness and Other Variables

This table presents results of OLS regressions of investors” aggregate profits and trading volume on value-weighted
variables including skewness, leverage, moneyness, delta, vega, gamma, price, and relative value. Leverage is the
option elasticity (i.e., the leverage implicit in the option) defined as the percentage change in the option price rel-
ative to the percentage change in the underlying. Volatility for one specific warrant on trading day ¢t is defined as
(Highy — Lowy)/Close;_1, where High; is day high on day ¢, Low; is day low on day f, and Close;_1 is the closing
price on day t — 1. Moneyness is defined as log(S/K) for calls, and as —log(S/K) for puts. Delta is defined as the
absolute value of Black-Scholes delta for options. The relative value (“RelValue”) is defined as the Black-Scholes value
over the transaction price. Other variables are computed under the Black-Scholes model. t-statistics are reported in
parentheses. Statistical significance at the 10%, 5%, and 1% levels is indicated by *, **, and ***, respectively.

Panel A: Regressions of gross profits

_2'61*** _1'563%**
Skewness (12.97) (-2.60)
Leverase ' 5.350 198
g (7.34) (0.94)
. -3.09%+* 0.14
Volatility (1452) 0.37)
Moneyness 3.95% 75944
9.89 413
Delt 6% 2.97%% -1(1.881**
cla (6.40) (-4.83)
Vesa 0.71 -5.45+
& (0.55) (-4.14)
Gamma 11.08*+ 2.45%
(5.44) (2.47)
2,154 75204
RelValue (4.02) (3.66)
Price 4415 147
13.52 1.44
Intercept 1.82%%+ 2.20%% 2074 J149% 097+ 0.15 509"+ -0.58* (-1.721** §O464)
P (17.67) (-5.96) (18.99) (-7.35) (-4.18) 0.23) (-4.94) (-2.14) (-10.39) (-1.30)
Adj-R? 62.80 34.83 67.93 4944 28.74 0.00 22.39 13.26 64.74 97.34
Panel B: Regressions of net profits
Skewness 274 -2.25%
-19.31 -3.91
Leverase ( ) 32044 (-0.44)
& (3.25) (-0.22)
. 3404+ 0.31
Volatility (-16.95) 0.77)
Moneyness 3.48 4.90%
6.73 251
€79 2,054 59432@
Delta (3:67) (-4.06)
Veea 5,894+ 5794
& (-5.39) (-5.02)
7,354 2510
Gamma (-2.73) (2.73)
0.62 84244+
RelValue (1.00) (4.77)
Price 4304+ 145
10.96 1.39
Intercent 1.89%+ 112 200%% 1 25%* 053 34844 40000 0.19 (-1.672‘** (0.60)
p (25.91) (-2.24) (21.70) (-4.77) (-1.87) (6.30) (3.10) (0.61) (-8.37) (1.24)
Adj-R? 78.98 8.78 74.31 30.89 11.21 22.09 6.13 0.00 54.59 97.81
Panel C: Regressions of trading volume
Skewness 287 12T
71.38 451
Leverage ( ) 811 52'042*
& (16.32) (-2.18)
. 5.98%% 1.92%%
Volatility (48.38) (6.44)
Moneyness 0.63 0.42
(0.34) (0.43)
6.02%% 2,61
Delta
(5.32) (-2.05)
Vega 55744 -1.76%
e (22.03) (-2.30)
G 641+ 2.30%4
amma (23.34) (5.48)
6654+ 4470
RelValue (18.39) (416)
Price 4,86 -0.22
20.62 053
Intercent -0.92+++ 3594+ 2510 0.19 2,540+ 2310 273w 2,854+ ( 2.96’)*** (—1.362‘**
P (-45.21) (-14.28) (-40.11) (0.20) (-4.43) (-18.00) (-19.63) (-15.58) (24.72) (-6.29)
Adj-R? 98.09 72.82 95.94 0.00 21.60 83.03 84.60 77.29 81.07 99.33
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Table 5: Institutions versus Individuals: Multivariate OLS Regressions of Profits, Trading Vol-
ume, and Holding Position on Value Weighted Ex Ante Skewness and Other Variables

This table presents results of OLS regressions of institutional investors” gross profits, net profits, trad-
ing volume and holding position on value weighted variables including skewness, leverage, moneyness,
delta, vega, gamma, price, and relative value. Leverage is the option elasticity (i.e., the leverage implicit
in the option) defined as the percentage change in the option price relative to the percentage change in
the underlying. Volatility for one specific warrant on trading day ¢ is defined as (High; — Low;) /Close;_1,
where High; is day high on t, Lowy is day low on f, and Close;_; is the closing price on t — 1. Moneyness is
defined as log(S/K) for calls, and as —log(S/K) for puts. Delta is defined as the absolute value of Black-
Scholes delta for options. For each investor, “Dummy” is defined as a value weighted dummy variable,
which is equal to 1 if one specific trading occurs on or after May 30, 2007, and is equal to 0 otherwise.
The relative value (“RelValue”) is defined as the Black-Scholes value over the transaction price. Other
variables are computed under the Black-Scholes model. ¢-statistics are reported in parentheses. Statistical
significance at the 10%, 5%, and 1% levels is indicated by *, **, and ***, respectively.

Gross Profits Net Profits Trading Volume Holding Position
Insti. Indiv. Insti. Indiv. Insti. Indiv. Insti. Indiv.
0.04 -3.08*** 0.01 -4.02%** 0.72%** 1.64%** 0.71* 0.79***
Skewness
0.15)  (-4.64) 0.05)  (-7.68) (4.39) (6.22) (1.83) (3.15)
L -0.89** -0.95 -0.86** -0.84 0.57** -3.01*** -0.33 -1.00%**
everage
8 (-2.53) (-0.45) (-2.27) (-0.41) (2.02) (-3.37) (-0.78) (-2.64)
. 0.03 1.10%** 0.11 1.14%** 0.09 1.33%** 0.02 0.54***
Volatility
(0.15) (3.23) (0.59) (3.01) (0.66) (4.45) (0.06) (4.33)
0.11 8.75%** 0.28 5.53*** -0.41 0.27 0.80* 0.49*
Moneyness
(0.19) (5.04) (0.50) (2.87) (-1.07) (0.29) (1.72) (1.74)
Delt 0.82 -5.62** 0.71 -5.79*%* -0.33 -2.75%* 0.05 1.64***
elta
(1.25)  (-2.40) (1.04)  (-2.44) (-0.74) (-2.39) (0.06) (2.92)
Vi 0.20 -1.20 0.33 -2.14 -0.36* -1.58** -0.15 0.48
ega
& 0.71) (-0.85) (1.09) (-1.62) (-1.70) (-2.36) (-0.47) (1.50)
0.30 1.07 0.18 0.72 0.59%** 1.86%** -0.40 0.26
Gamma
(1.15) (1.13) (0.73) (0.78) (3.26) (4.84) (-1.33) (1.25)
0.05 2.44 0.04 3.61* 0.10 6.30%%* 0.89 0.13
RelValue
(0.11) (1.15) (0.07) (1.78) (0.30) (5.80) (1.26) (0.23)
Pri -0.50 -1.90* -0.50* -0.63 0.89*** -0.87** -0.80*** -1.97***
Ti
e (-158)  (-1.88) (1.67)  (-0.60) (4.21) (-2.09) (-2.80) (-8.41)
D -0.17 -1.46%** 0.00 -1.52%** -0.39%** 0.36%** 0.79*** -0.02
umm
Y (-0.94) (-2.89) (0.02) (-3.58) (-3.20) (4.13) (4.65) (-0.15)
0.51* 0.94 0.35 2.50%** -0.24 -1.28%** -0.29 -0.18
Intercept
(1.75) (1.24) (1.06) (4.00) (-1.33) (-6.47) (-0.81) (-0.94)
Aclj—R2 1.12 97.74 0.00 98.05 47.27 99.45 43.72 94.69
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Table 6: Trading Characteristics by Ex Ante Skewness

We group warrants by day end ex ante skewness into ten groups, and report the average trading vol-
ume (in millions), turnover value (in millions of CNY), day end holding position (in millions), turnover
ratio (TRatio, in percent), daily profits (DailyP, in thousands of CNY), daily day trade profits (DayTrP, in
thousands of CNY), daily holding profits (HoldingP, in thousands of CNY) and transaction fees (Fares, in
thousands of CNY). This table reports sample means within each skewness decile. To save space, we com-
bine the second to the ninth deciles into a single group. The differences between extreme deciles as well
as the corresponding t-statistics for testing the null of no difference are computed. Panel A reports results
for all investors. Panels B and C report results for individuals and institutions, respectively. ¢-statistics are
reported in parentheses. Statistical significance at the 10%, 5%, and 1% levels is indicated by *, **, and ***,
respectively.

Trading Characteristics
Skewness Deciles N Volume Turnover Holding TRatio DailyP DayTrP HoldingP  Fares
Panel A: All Investors

Low 1063 15.27 86.37 3.23 5.87 -9.79 -49.56 39.77 49.53
2~9 8507 67.50 149.75 15.00 10.96 -116.68 -77.12 -39.55 72.98
High 1063 108.15 123.60 17.06 15.11 -468.38  -130.15  -338.23 112.13
High-Low — 92.88¥*  37.22%*  13.82%**  9.23%* _45859**  -80.59** -378.00** = 62.60***
(t-stat) —  (10.69) (4.91) (11.68)  (13.00) (-2.32) (-2.08) (-1.98) (7.70)
Panel B: Individual Investors
Low 1063  15.08 85.30 3.14 5.82 -9.26 -45.87 36.62 48.82
2~9 8507 67.14 148.84 14.78 10.91 -116.16 -75.90 -40.26 72.21
High 1063 107.32 122.40 16.89 15.03 -482.18  -140.46  -341.72 111.24
High-Low — 92.24¥*  37.10%* 13.75%*  9.20%** -472.92** -9458** -378.34** = 62.42***
(t-stat) —  (10.69) (4.97) (11.71)  (13.00) (-2.50) (-2.49) (-2.05) (7.75)
Panel C: Institutional Investors
Low 1063 0.19 1.08 0.09 0.05 -0.54 -3.69 3.15 0.72
2~9 8507  0.36 091 0.22 0.05 -0.51 -1.22 0.71 0.77
High 1063  0.83 1.20 0.17 0.08 13.80 10.30 3.50 0.89
High-Low — 0.64***  0.13 0.08***  0.03** 14.34 13.99** 0.35 0.18
(t-stat) — (5.12) (0.59) (2.94) (2.35) (1.00) (2.57) (0.03) (1.25)
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Table 7: Profit Splitting for a Specific Warrant.

Day 1 is the first trading day, day k is the last trading day, and day k + 1 represents the day of exercise.
c; denotes the sum of signed cash flows on day i, n; is the net position change on day i, I; is the holding
position at the end of day 7, and p; is the closing price on day i. py1 represent the exercise profits (if any).
Here h(] =0, Ckr1 = Ngy1 = 0, and n; = hi - hi—l'

Day 1 Day 2 Day k Day k +1
Trade c1+nipy c2 +napo e Ck + Mg px Cky1 = Ngy1 =0
Holding ho(p1 — po) hi(p2 — p1) e hg—1(px — pr-1) h(Pk+1 — px)
Daily On each day, Daily Profit = Day Trade Profit + Holding Profit
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Table 12: Warrants’ Theoretical Prices and Their Daily Price Limits

The table reports the number of trading days (during the last 20 trading days of each warrant) on which
warrants’” lower price limit for trading is higher than their day-end theoretical prices. Three proxies for
theoretical prices are used here. The column Npg; uses the Black-Scholes prices with volatility parameter
set as the 60-day trailing historical volatility ogy of underlying asset, the column Npg, uses the Black-
Scholes prices with 2 X ggg as volatility parameter, and the column Nyj,, uses the warrant’s maximum
possible payoff under the price limit rule for underlying asset. We use the Shanghai Interbank Offered
Rate (SHIBOR) as the interest rate proxy when computing Black-Scholes value.

Code Type Nps1 Nps2 Nuax
031004 Call 6 5 0
031005 Call 13 10 0
031006 Call 2 0 0
580010 Call 5 4 0
580012 Call 7 5 0
580013 Call 14 14 0
580014 Call 15 15 4
580015 Call 11 10 0
580017 Call 8 4 0
580018 Call 16 16 2
580019 Call 1 1 0
580020 Call 16 16 4
580021 Call 14 13 0
580023 Call 11 2 0
580025 Call 1 1 0
038008 Put 1 1 0
580989 Put 2 2 0
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In this appendix we provide some ancillary empirical results.
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Table OA.2: Warrants’ Theoretical Prices on Previous Trading Day and Their Daily Price Limits

The table reports the number of trading days (during the last 20 trading days of each warrant) on which
warrants’” lower price limit for trading is higher than their theoretical prices at the end of the previous
trading day. Three proxies for theoretical prices are used here. The column Npg; uses the Black-Scholes
prices with volatility parameter set as the 60-day trailing historical volatility ogy of underlying asset, the
column Npgs, uses the Black-Scholes prices with 2 X oy as volatility parameter, and the column N4y
uses the warrant’s maximum possible payoff under the price limit rule for underlying asset. We use
the Shanghai Interbank Offered Rate (SHIBOR) as the interest rate proxy when computing Black-Scholes
value.

Code Type Nps1 Npsa Niax
031004 Call 6 2 0
031005 Call 13 10 0
580010 Call 5 4 0
580012 Call 8 7 0
580013 Call 14 13 0
580014 Call 15 15 3
580015 Call 11 10 0
580017 Call 7 4 0
580018 Call 16 16 0
580019 Call 1 1 0
580020 Call 16 16 3
580021 Call 14 14 0
580023 Call 12 1 0
038008 Put 1 1 0
580989 Put 2 1 0
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Figure OA.1: Average (across warrants) proportion of trading volume in each bin of moneyness.
We first compute the proportion of trading volume in each bin of moneyness for each underlying
stock. Then for each moneyness bin, we report the sample average across all 41 underlying
stocks.



o o o o
o o o N -
& & - N IS

Proportion

<
(=
E

0.02

-1 -0.8 -0.6 -04 -0.2 0 0.2 0.4 0.6 0.8 1
Correlation bin

Figure OA.2: Pairwise correlations among time series of closing prices for all of 48 warrants. This
figure shows proportions of pairwise correlation coefficients in each bin. The bin size is 0.1.
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Figure OA.3: Average per capita net profit for each warrant.
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Figure OA 4: Scatter plot of profits for all warrant investors by total and partial profits. The par-
tial profits in the left (resp. right) panel are obtained by excluding the profits of the 20 (resp. 10)
days before the last trading day of OTM expired warrants. The correlation between profitabil-
ity orders of total profits and partial profits is 0.945 (resp. 0.962); the regression coefficient of
profitability order of partial profits on that of total profits is 0.975 (resp. 0.984).
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Figure OA.5: Proportion of investors that hold OTM warrants at the end of the last trading day.
This figure shows the proportion of investors that hold deep OTM expired warrants (moneyness
on the last trading day lower than —0.2) at the end of the last trading day. Here we define
moneyness as log(S;/K) for calls, and as —1log(S;/K) for puts, where K is strike price and S;
is underlying price. In the top panel, we sort all investors by their average value per trade,
then we divide them into nine groups, which contain investors belonging to the top 0.1% (group
1), 0.1% ~1%, 1%~10%, , 10%~30%, 30%~70%, 70%~90%, 90%~99%, 99%~99.9%, and the
bottom 0.1% (group 9), respectively. The middle panel shows the analogue of the top panel
while sort all investors by their total net profits (excluding profits/losses accrued in the last 5

trading days of OTM expired warrants). The bottom panel shows the analogue of the middle

panel for institutional investors. g
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Figure OA.6: Holding Position on the Last Trading Day of Warrant 580018 and Warrant 580997.
This figure reports the proportion (in percent) of investors with holding position (in shares) with-
in each bin. The bin size for warrant 580018 (580997) is 250 (2500). In each plot, the number for
the last bin includes all investors with position higher than the right most x-tick of the plot.
The closing price for warrant 580018 (580997) on its last trading day is 0.957 (0.002) yuan. For
more than 99% (60%) of investors that hold warrant 580018 (580997) after market close on the
last trading day, their day-end position values are higher than the minimum commission fee of
5 yuan.
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Figure OA.7: Number of times that investors erred. This figure shows the number of investors
in each bin of number of times that investors erred, i.e., held one specific deep OTM expired
warrant (moneyness on the last trading day lower than —0.2) till the end of its last trading day:.
Here we define moneyness as log(S;/K) for calls, and as — log(S;/K) for puts, where K is strike
price and S; is underlying price. The bin size is one. To show the pattern more clearly, we use
log-scale for y-axis.
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Figure OA.8: Proportion of investors that hold at least two different OTM warrants at the end of
their respective last trading days. This figure shows, for each group of investors, the proportion
of investors that erred, i.e., held one specific deep OTM expired warrant (moneyness on the last
trading day lower than —0.2) at the end of its last trading day, at least twice. Here we define
moneyness as log(S;/K) for calls, and as —log(S;/K) for puts, where K is strike price and S; is
underlying price. In the top panel, we sort all investors by their average value per trade, then
we divide them into nine groups, which contain investors belonging to the top 0.1% (group 1),
0.1% ~1%, 1%~10%, , 10%~30%, 30%~70%, 70%~90%, 90%~99%, 99%~99.9%, and the bottom
0.1% (group 9), respectively. The middle panel shows the analogue of the top panel while sort
all investors by their total net profits (excluding profits/losses accrued in the last 5 trading days
of OTM expired warrants). The number of institutional investors that erred at least twice is zero.
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Figure OA.9: Trading Volume and Open Interest in Chinese Options Market. This figure shows
statistics for trading volume and option interests of the current 50ETF options market in China.
The top plot shows the aggregated trading volume (in percent) in each bin of moneyness. The
bin size for moneyness is 0.05. The bottom plot shows average trading volume, average open
interest, average moneyness, and average volume weighted average price (VWAP) for all deep
OTM expired (moneyness on the last trading day lower than —0.2) options. Here we define
moneyness as log(S;/K) for calls, and as — log(S;/K) for puts, where K is strike price and S; is
underlying price. The sample period for both plots is from February 9, 2015 through December
31,2017.
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