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Abstract

This paper aims to examine-the impacts of introducing weekly option on the volume and
liquidity .of monthly options, and the stability of the underlyingmarket. Our study applies a
simultaneous equation approach to analyze the trade volume and liquidity of monthly option
market, and the price volatility of the underlying market. The results show that introducing
weekly option reduces the volume and liquidity of options, while stabilizing the underlying
market. In addition, we examine the impactsof weekly option listing on volume, liquidity, and
underlying market volatilitynear settlement days and by option moneyness, respectively. .
Results show that the introduction of weekly options has no additional impacton monthly
options near settlement days, while the expiration day effects on trade volume still exist.
Besides, the impacts of weekly option listing on volume are significant onlyfor the
at-the-money options, while the impacts on liquidity are significant on the in-the-money and
out-of-the-money options. However, as for price volatility of underlying market, there are no

obvious differences between options with different moneyness.
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1 Introduction

Weekly options are popular among exchanges worldwide recently. Starting from 2005,
CBOE first introduced weekly options. NYSE Euronext, CME, and ICE also launched weekly
options in 2006, 2011, and 2012 respectively. Thestrong growth for short maturity optionsin
financial markets suggests that different kinds of short maturity options, such as weekly and
daily options, are gradually accepted by investors around the world.For example, as CBOE
decided to expand interest in weekly options in 2010, the trade volume grew from 1% of total
volume to about 15%, which the average daily volume grew from less than 25,000 contracts
to about 100,000 contracts in 2012. Furthermore, the types of underlying assets also expanded.
There were only a handful of weekly options of ETFs and.individual stocks in 2010, while six
indexes, 26 ETPs and 119 individual stocks in 2012:'In Taiwan, weekly options were
introduced.on Nov 2012.According toChinese National Futures Association, the average daily
volume of weekly options; from the introduction to Mar 2013, accounts for 40.29% of the
volume of TXO market. In addition, based on the-statistics-of Taiwan Futures Exchange,the
volume of TXO market increased by 25%from the listing of weekly options to Feb 2013.

Prior studies document that introducing option affects the volatility of underlying assets
through hedging transactions. For instance,Bansal, Pruitt, and Wei (1989) suggest that option
listing in CBOE market leads to ‘a decrease in the total (but not systematic) risk of
theunderlyingfirms.Chen and Chang (2008) find that stock options listing in Taiwan decreases
the degree of volatility. In contrast, Wei, Poon, and Zee (1997) find an increase in volatility
for a sample of 144 OTC stocks after option listing.

In addition, introducing weekly options islikely to impact the volume and liquidity of

monthly options.In practice, weekly options are less expensive than monthly options with the

! The information related to weekly options are obtained from CBOE Weeklys splash page.
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nature of its high leverage. Also, the weekly options have the characteristics of rapid decrease
of its time value and short duration. Consequently, investors using weekly options be able to
tradetheir strategies more flexible than monthly options and hedge their portfoliosby using
less costs. For example, option sellers may favor the use of weekly options because they
take a lower risk due to the inherit characteristics ofweekly options,rapid decrease of its time
value and short duration. However, investors are likely to use weekly options instead of some
positions in their portfolios originally established by monthly options.This may subsequently
impacts on the trade volume and liquidity of monthly options.

Despite the trades of weekly options have become popular, much.less is known about the
impact of its introduction on-the volume and liquidity of monthly options, and the volatility of
its underlying asset. The current study attempts to fill this gap.Because it Is the first time to
introduce short term derivativesin Taiwan, the results of the impact of weekly options
onmonthly option marketand spot market may therefore be a referencefor TAIFEX to
introduce other short maturity derivatives.

Another application of weekly options is strongly related to theexpiration day effects
which cause abnormal trade volume and price swing-duringsettlement. Chow et al. (2012)
showed the expiration day effects of index futures on the cash market.Chow, Yung, and
Zhang(2003)also showed the expiration day effects, a negative price effect and some return
volatility, of Hang Seng Index (HSI) derivative market in Hong Kong. In order to benefit
from these high volumes more frequently, stock exchanges offer short maturity derivatives.As
options settled weekly, expiration day effects occur every week and traders cantake advantage
of these volumes.

Prior literature has examined the impacts of introducing new derivatives on the existing
markets.Kumar, Sarin, and Shastri(1995, 1998), find that option trading has some impacts on
market qualities of underlying securities.Wang, Chung, and Yang (2007), based on the

analysis of liquidity, suggest that the introducing E-mini futures hassignificant impact on the
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transaction prices of regular index futures, market depth deterioration, and the increase in the
bid-ask spread.Chen and Chung (2011) show that the introduction of SPDR options improves
the liquidity of SPDRs and reduces implicit trading costs. Liu (2007) also tests the impacts of
index options on liquidity and volatility of the S&P 100 market.

This paper aims to examine the impacts of introducing weekly options on the liquidity of
monthly option markets, and the price volatility of the underlying market in Taiwan.Our
results help policy makers understandwhether and when to launch other short maturity
derivatives in Taiwan. The primary derivativebeing researched is the TXO index option traded
at the Taiwan Futures Exchange.On one hand, we focus on the impact on the trade volume
and liquidity of monthly options-to-see whether weekly options listingimprove the liquidity of
monthly options.

Since, in practice, weekly options, monthly options, and the underlying asset are traded
simultaneously, we follow the simultaneous equation model (SEM)of Wang, Chung, and
Yang’s (2000) with an adjustment of two dummy variables to analyze the impacts of weekly
options listing on the trade volume and liquidity of monthly options and the impacts near
settlement.

Our study seeks to contribute to the empirical literature of option market in Taiwan. To
the best of our knowledge, this is the first empirical research to examine how weekly options
affect the liquidity of monthly options in Taiwan.Many research are about the impacts of
introducing derivatives on the spot market. The results suggest that introducing weekly option
significantly decreases the liquidity andvolume of monthly options. This is different from
other research because this paper studies the impacts on monthly options, not the whole index
option market. Moreover, the price volatility of the underlying market was reduced, indicating
that the introduction of weekly options stabilizes the underlying market. This isidentical to
similar research in other markets.For instance, Liu (2007) showed that S&P100 stock index

options can stabilize its underlying market. In addition, we adjust the raw series data of
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liquidity due possible common regularities and time trends and re-perform the SEM model.
The effects of introducing weekly option still remain same.

The later parts of this paper are arranged as follows. Section 2 reviews literature about
the impacts of introducing new derivatives and expiration day effects, and also gives
hypotheses in this study. Section 3 describes details of data, data sources, and methodology.
Section 4 shows the empirical results of the simultaneous equations.Section 5 is the
robustness analysis. Section 6_gives the conclusion of this study and suggests the future

research directions.

2 Literature Review

Although many empirical studies have examined. the impacts of introducing new
derivatives on the underlying market, the results are still inconclusive. On one hand, some
studies support the view that introducing new derivatives would help improve the liquidity
and stability of the underlying assets. Chatrath, Kamath, Chakornpipat andRamchander
(1995), and.Liu (2007) both find that S&P100 stock index options trading have stabilized and
improve the liquidity of ‘the underlying stock market. The listing of the S&P100 options
results inhigher liquidity and lower volatility. Liu also notice that the index derivativelisting
induces informed and speculative traders to migrate from the underlying market to the
derivative market. Kumar et al. (1995) find that volatility and bid-ask spread decline for the
stocks contained in the Nikkei 225 Index after thelisting of the index options.Specifically,
after using cross-sectional regressions controlling for variations in volume, spread, and price,
option listing is associated with the decrease in volatility for index stocks. Pilar& Rafael
(2002) show that due to the introduction of futures and options, the conditional volatility of
the underlying index declines. They also find that the trade volume of 1bex-35 also increases

significantly in the Spanish market. Shenbagaraman(2003) suggest that index futures and
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options listing not only improves the liquidity and reduces information asymmetry, but also
find there is no evidence of any connection between trading activity in derivative market and
spot market volatility. Chen and Chung (2011) show that the introduction of SPDR options
improves the liquidity of SPDRs and reduces implicit trading costs. It also leads to a
significant improvement of information shares of SPDRs.

On the other hand, Jegadeeshand Subrahmanyam(1993) find a higher spread and
volatility of its underlying assets,controlling for changes in other spread determinants, after
the listing of S&P 500 futures. Lamoureux andPannikath (1994), Freund, McCann and Webb
(1994) and Bollen(1998) find that the impact of index options listings on volatility is not
consistent over time. Wei, Poon-and-Zee (1997) findboth volume and price volatility increase
for options on OTC marketfor a sample of 144 stocks in the USA.Price volatility still increase
even controlling for volume, insider trading, andspreads.The evidence of spreads is mixed in
their sample.Hason and Chowdhury (2011) also note that the effects of the introduction of
index options are different in Asian stock markets. Only selected stock markets have an
increase in their stock return volatility and liquidity.

Weekly options provide additional room,other than monthly iindex options, for
speculators, hedgers, and informed traders so that they can migrate from stock option market
to index option market. As suggested by Kumar et al.(1995), the increase in liquidity trading
might not offset the decrease in speculative and informed trading after option listing, causing
the decrease in trading volume. Moreover, this migration of volume also means that
information asymmetry would lessen in the underlying market so that spread and volatility
might decrease. Therefore, this study anticipates that introducing weekly options would
decrease the volume and liquidity of monthly options, and the price volatility of the spot
market because the speculative and hedging trading activities might decrease in the spot
market.

The idea of short maturity option is also strongly related to the expiration day effect
5



which is proposed by Stoll and Whaley (1987, 1990, 1991) who argued that many arbitrageurs
liquidate their holdings of underlying stocks at the same time as the expiration of the index
futures and options contracts, causing large price swings and abnormal trading volumes. The
model developed by Kumar and Seppi (1992) suggests that traders are incentivized to
establish futures positions and then trade in the spot market to manipulate the prices of the
underlying constituent stocks in order to accrue profits around the expiration day.Chung and
Hseu (2008) show that there are:significant price reversal, volatility and abnormal volume
stemming from the expiration-of MSCI-TW futures market..Chou et al. (2012) suggests that
both volatility and trading volume are higher on the final settlement days in Taiwan.

Above all, the first hypothesis-in-this study is that the introduction of weekly options
would take over the volume of monthly options, causing a decrease in its volume.Alike some
previous ‘empirical studies, the introduction of new derivatives usually results in a lower
traded volume of the underlying securities. This study expect that weekly option listing would
have those hedgers, speculators, and some certain traders transfer part of their positions in
monthly options to weekly options and therefore decrease the volume of monthly options.The
second hypothesis is that there would be a decrease in the liquidity of monthly options
because of the decrease in the volume. Although the traded volume of monthly options
decreases, the variation of bid-ask spread is still uncertain. In general, as volume of an
security decrease, its bid-ask spread would broaden, which results in worse liquidity. The third
hypothesis isthe price volatility of the underlying security would decrease due to the decrease
in information asymmetry. In an imperfect market, the lower transaction costs and greater
leverage of options market might attract more informed traders and then make the market
become more informational efficient (e.g. Ross (1977), Grossman (1988)). The forth
hypothesis is that these impacts might be not apparent near settlement days because the
expiration day effects on monthly and weekly options would somewhat overlapped with the

impacts. The abnormal volume and price swing during settlement periods make it hard to
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distinguish between the impacts of weekly option listing and the expiration day effects.
Therefore, it is anticipated that the impacts of weekly options would not be apparent near

settlement days

3 Data & Methodology

The primary sources of the data are Taiwan Futures Exchange, and Taiwan Economic
Journal Plus Database (TEL+ Database). Taiwan Futures Exchange database contains
historical trading data of all futures-and options traded in Taiwan. TEJ+ database provides
complete trading ‘data of .indices in Taiwan.We use daily traded data of TXO index options
from Taiwan Futures Exchange’s-website and the period is between Dec 2011 and Dec 2013
which is one year before and after weekly option listing. Besides, we also take daily data of
Taiwan Stock Exchange Capitalization Weighted Stock Index (TAIEX), mainly traded prices,
to calculate historical volatility. Finally, the interest rates are obtained from TEJ+ database
using Interbank Overnight Call-Loan Rate. \WWe know that short-term interest rates will affect
the cost of carrying of spot positions. Futures and options play an important role in hedging.
As the cost of carrying in spot positions become-higher, the hedging needs and speculative
trading reduce simultaneously. As a result, futures and options trading volumes will decrease.

1. Data

Liquidity Measure (LIQ)

Since option data reveals a panel nature which makes the dollar bid-ask spread
to be a liquidity measure. This paper uses the proportional bid-ask spread proposed
by Chordia, Roll and Subrahmanyam(2000)(CRS hereafter) as our liquidity

measure,noted L1Q,:

].( VOL aski—bidi
Zi=1 L (ask;+bid;)/2

VoL,

LIQ, =

where VOL,; is the volume of optioni, ask; is the responding best ask price in one
7



day,bid; is the respondingbest bid price in one day.
Trade Volume (VOL)

Trade volume, denoted by VOL, is the daily total trade volume of the two
nearest month index options in one day. We take only two months for the reason that
we can mainly include most of the transactions.

Open Interest (Ol)

Open interest, denoted by Ol, is the total open interest of the two nearest month
index options in one day.
Price Volatility (o)

Price volatility,-denoted by @, Is calculated using high-minus-low pricesas a
proxy of historical volatility (Martell and Wolf (1987)), which is the gap between the
highest traded price and the lowest traded price of the underlying asset in one day.
Settlement Price (SP)

Settlement price, denoted by SP, is the weighted average of index options in one
day. Weights are calculated using trading volumes of each index options with
different exercise prices.

Interest Rate

We take Interbank Overnight Call-Loan Rate as the interest rate. These rates are
provided by the Central Bank of Taiwan.
Dummy Variables

Weekly options were introduced on Nov., 2012. In order to examine the impacts
of weekly options, we take two dummy variables, D;and D,, to indicate two events
respectively.D;equals 1 when weekly options are introduced, while O represents the
absence of weekly options. D,equals 1 if the trading occurs before settlement but

still in the same week, while 0 represents the trading do not occur on these days.



2. The Simultaneous Equation Approach

As suggested by Bessembinder&Seguin (1993), volume shocks had impacts on
price volatility, while liquidity also affects price volatility. Further, as mentioned above,
the liquidity measure proposed by Chordia, Roll and Subrahmanyam(2000) includes
traded volume. These three variables influence each other so that we followWang, Chung,
and Yang’s (2007) simultaneous equation modeland make adjustments of the
measurement of variables to examine the relationship between traded volume, liquidity,
and price volatility. Moreover, as suggested byChordia, Roll and Subrahmanyam(2001),
interest rates affect liquidity as well as trading activity. Open interest is also directly
related to traded volume. Finally, as settlement system influences trade position (Kumar
and Seppi (1992), Devriese andMitchell (2005)), we believe that liquidity of options is
strongly influenced by its settlement prices.

The model is as follows:

VOL;, =ay + a,LIQ; + a0, +a3INT; + a,0I; { + asVOL, 1 + agD; + &y,
LIQ; = by + b1VOL, + bya, + b3SP; + by LIQ; 1 + bsD; + &5,

0, =co+ c1VOL; + ¢;LIQ; + c3VOL;_1 + €40, 1 + c5D; + £3; (D
whereVOL,is the aggregate daily trading volume; LIQ,.indicates the daily liquidity of
monthly options;a,Is the daily volatility, which is the difference between the highest and
lowest transaction prices in‘one day. INT,is the three-month interest rate; OI,_4is the
open interest of t-1 period; SP, is the settlement price for option contracts; D indicates
whether short-term options are introduced.

Following the approach above, we evaluate another dummy variable,D,,to separate
data into two periods: before the introduction of weekly options and that after. These two
dummy variables are used in simultaneous equation approach again, and the model

becomes



VOL; = ay + a.LIQ; + ayo; + a3INT; + a,0I,_{ + asVOL,_1 + agD; + a;D,; + &4

LIQ, = by + b;VOL, + by, + b3SP, + by LIQ,_ + bsD1; + bgDy, + €5,
0 =Co+Cc1VOL; + c;LIQ; + c3VOL;_1 + ¢c40;_1 + c5D 1 + c¢Dy¢ + €34 (2)
D, indicates whether the data lies in the last week before every monthly settlement before
the introduction of short-term options, while D, indicates whether weekly options were
introduced or not.

Nevertheless, due to the fact that weekly options are launched only one year, our

data period is one year before and after Nov., 2012, which is totally two years. We
anticipate there exists significant difference in market liquidity,especially in the last

week to settlement, before-and-after the introduction of weekly options.

Moneyness

Option market differs from futures market and stock market in the way that options
can be three-fold classified Into moneyness categories: in-the-money, ‘at-the-money, and
out-of-the-money. Moneyness affects the behavior of investors, especially near the
settlement. We follow Chernov&Ghysels’s(2000) moneyness range to separate the dataset

into three parts to examine whethermoneyness do any effects to the market.

CALL
(K
3 < 0.93, in — the — money
K
1093 < 3 < 1.07, at — the — money
K
(5 > 1.07, out — of — the — money
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PUT

(K
3 < 0.93, out — of — the — money
K
1093 < 3 < 1.07,at — the — money
K :
(5 > 1.07, in — the — money

4 Empirical Results

4.1 Summary Statistics and Correlations

Firstly, we take out the total tradedcontracts of monthly and weekly options every day,
making a figure below. Figure-I-contain-data from Nov 2012 to Oct 2013.

We can find directly from the figure that the movements of the volumes of weekly
options were alike that of monthly options in the way that there were peaks around settlement
days almost every month, except for the Chinese New Year. It might be the situation that the
demands of hedging and speculative trading became larger near settlement days. Besides,
weekly options had a great trading volume at its launch with over 300 thousand units, which
was about half of the traded volume of monthly options, indicating that weekly options were
popular from its origin. Interestingly, the movements of volumes.were only identical around

settlement days every month.
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Figurel:Daily trade volumes of monthly-and weekly options from Nov 2012 to Oct 2013. The left axis is the

volume for monthly options, while that ofthe right axis.is for weekly options.

To examine more deeply, we uses the simultaneous equation approach mentioned above

to dynamically analyze the impacts on monthly options volumes.

Summary statistics of primary variables are illustrated below in Table | with 518
observations of each variable, which are the trading days between Jan 2011 and Dec 2013 in
the TXO market. The data are divided into two parts by the introduction date of weekly option.
It briefly explains the mean and standard deviation of variables. Firstly, before the
introduction of weekly option, the mean. of trade volume, proportional bid-ask spread, and
open interests are 388321, 0.0403925, and 827465 respectively, while the values are 289297,
0.0444614, and 719147, respectively, after the introduction. There exists a significant change
in the mean of volume and open interest. Although the mean of the spreads have only a little
change, but the maximum of proportional bid-ask spread is .0675982 before the introduction
and 0.0959669 after. The mean of traded volume and open interest of monthly options
decreased, but the mean of spreads increased. The mean of price volatility of the underlying

market is 76.04728, with a maximum of 189.32 before weekly option listing, while the mean
12



is 61.82738 with a maximum of 177.04 after that. Interest rates have an average of 0.1066605
before the introduction, with an average of 0.0966291 after, and are not volatile. Table Il is
the correlation table of variables used in the simultaneous equations.The data are also divided
into two parts by the introduction of weekly option. Directions in panel A and B are mostly
the same except that the relationship between bid-ask spread and open interest, interest rate,

and the relationship between price volatility and interest rate are different.

Table I: Summary Statistics

Variable Mean Std. Dev. Min Max
Panel A: before the introduction of weekly option
VOL 388321 183220 26791 976221
LIQ 0.0403925 0.0085629 0.0181976 0.0675982
o 76.04728 33.34733 27.98 189.32
INT 0.1066605 0.0118471 0.0965 0.12825
Ol 827465 291139 97546 1420231
SP 59.19694 19.31714 17.91558 149.4078
Panel B: after the introduction of weekly option
VOL 289297 145684 74890 805941
LIQ 0.0444614 0.0095243 0.0169815 0.0959669
o 61.82738 25.20281 22.58 177.04
INT 0.0966291 0.0001589 0.0965 0.097
Ol 719147 210370 313846 1436015
SP 45.5835 11.67504 12.81864 85.52162

This table reports the summary statistics of the dataset before and after weekly option listing. Trade volume,

denoted by VOL, is the daily total trade volume of the two nearest month index options in one day. LIQ is the

k ask ;—bid ;
i VOL i/ ———
Liz1 U(ask j+bid ;)/2

T, VoL,

proportional bid-ask spread calculated as LIQ, = . ais the price volatilityof the underlying

market, which is the gap between the highest traded price and the lowest traded price of the underlying asset in

13



one day. INT is the Interbank Overnight Call-Loan Rate. The scale of interest rate is adjusted to 100 times larger
than the original value. Ol is the total open interest of the two nearest month index options in one day.SP is the

daily weighted average settlement price with volumes to be weights.

Table I1: Correlations between independent variables

Variable VOL LIQ o INT Ol SP

Panel A: before the introduction of weekly option

VOL 1.0000

LIQ 0.0334 1.0000

o 0.4062 0.0514 1.0000
INT 0.0952 -0.0670 0.1540 1.0000
Ol 0.7358 -0.0439 -0.0286 0.0828 1.0000
SP -0.5334 0.1323 0.1618 0.0105 -0.7253 1.0000

Panel B: after the introduction of weekly option

VOL 1.0000
LIQ 0.1152 1.0000
o 0.3741 0.1446 1.0000
INT 0.0460 0.0389 -0.1763 1.0000
Ol 0.7050 0.0274 -0.0034 0.0606 1.0000
SP -0.3263 0.0022 0.1595 0.1111 -0.6088 1.0000

This table reports the correlations between independent variables before and after weekly option listing. VOL is
the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatilityof the underlying market.
INT is the Interbank Overnight Call-Loan Rate. Ol is the daily open interest. SP is the daily weighted average

settlement price.
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4.2 The impacts on volume, spread, and price volatility

The regression results of the first simultaneous equations model are displayed in Table
I11. First of all, thecoefficients of dummy variables are -0.024, 0.005, and -0.008 for volume,
liquidity, and price volatility respectively at a significance level of 1%, which indicatesthat
introducing weekly option decreases the trading volume, increases the spreads of monthly
options, and reduces the price volatility of the underlying market. Secondly, the spreads of
monthly option significantly increased, which means that the liquidity of monthly option
decreased. Thirdly, the price volatility significantly decreased, indicating that weekly option
listing stabilizes the underlying market. The results are consistent with the first three
hypotheses: (1)the introduction-of weekly options would take over the volume of monthly
options causing a decrease involume of monthly option; (2)there would be a decrease in the
liquidity of monthly options because of the decrease in the volume; (3)price volatility of the
underlying security would decrease.Most research focus on the impacts on the whole option
market, while this study focus on the original TXO monthly options.Theresults are consistent
with the view that introducing related new derivatives such as mini-futures and short maturity
options would supplant its original security’s volume. However, prior studies have also shown
that the volume of the whole option market still rises after the introduction of weekly option.
On the other hand, these new financial instruments might lessen information asymmetry,
resulting in lower price volatility in the underlying market (Shenbagaraman (2003), Liu
(2007)). Besides dummy variable, lagging variables are all statistically significant, which
means not only weekly options but also the information of the prior period of monthly option
itself affect the spread and volatility of monthly options. In detail, besides lagging trading
volumes negatively affect volatility, other lagging variables are all positively correlated with

spreads.
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Table I11:Impacts of introducing weekly options on monthly options

VOL, LIQ, o,
VOL, 0.006* 0.118%**
(1.74) (14.74)
VOL,_, 0.87%** -0.092%**
(4.52) (-10.64)
LIQ, 0.539 0.217*
(1.04) (1.84)
LIQ,_; 0.148%**
(3.38)
o, 2.243%%* 0.014
(13.88) (0.90)
iy 0,310%**
(7.60)
Ol,_; 3.208%**
(12.26)
sP, 0.071%*
(2.26)
INT, -0.539
(-0.93)
D, -0.024%* 0.005%** -0.008%**
(-2.07) (5.29) (-3.32)
Cons. -0.089 0.027%** 0,033%**
(-1.34) (8.76) (5.46)

The simultaneous equations are: VOL; = ay + a,LIQ, + a0, + a3INT; + a,0l; 1+ asVOL,_; + a¢D, + &,
LIQ, = by + byVOL; + b6, + b3SP, + byLIQ,_; + bsD, + £5,,and 6, = cg + ¢iVOL, + c,LIQ, + c3VOL,_; +
€40;:_1 + c5D, + £3,.VOL is the daily.trade volume. LIQ is the proportional bid-ask spread. ois the price
volatilityof the underlying market. INT is the Interbank Overnight Call-Loan Rate. Ol is the daily open interest.
SP is the daily weighted average settlement price. Coefficient scales are adjusted so that coefficient scales would
be alike. VOL, Ol, g, SP are 1/1,000,000, 1/10,000,000, 1/1,000, and 1/1,000 of its original value respectively.

This adjustment is also used in regressions afterwards. Significance level: ***:1%, **:5%, *:10%

4.3 The impacts near settlement days and the expiration day effect

To take into account the influence of maturity, we mainly focus on the last week of
settlement, which are the last trading days before settlement days. Using simultaneous

equation approach with an additional dummy variable,D,, allows us to analyze the impacts of
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weekly options in weeks of settlement before and after the introduction of weekly options.
Results are displayed in Table IV below. Most of the primary independent variables have only
tiny changes on their coefficients except for the trade volume of monthly options. The
directions of variables in Table Il, especially dummy variable, remain unchanged, which
means the impacts generally remain the same in settlement week.The coefficient of D;on
volume decreased from -0.024 to -0.028 at 5% significancelevel, indicating that weekly
options affects monthly options more in this period. Impacts on liquidity and price volatility
are almost identical as in normal days. Nevertheless, the opposite directions on coefficients of
D, and D, makeit hard to determine the impacts of weekly option listing on monthly options

near settlement, which is consistent with our last hypothesis.

The expiration day effect

In the settlement week before expiration day, trade volume of monthly options
significantly increases due to the expiration day effect. Thecoefficient of D, on volume hasa
positive number of 0.058 at 1% significance level. This is consistent with most of the
empirical results of expiration day effects, causing abnormal volume during settlement
periods (Stoll and Whaley (1987), Hseu (2008), Chou et al. (2012)).However, coefficients of
liquidity and pricevolatility appear to be not significant with small coefficient values,
indicating that there are no obvious expiration day effects in liquidity and price volatility in
this period. This is might because the impacts of expiration day effects in liquidity and price
volatility are overlapped by impacts of introducing weekly options, therefore causing the
insignificance of coefficients on D,. The results here show that although weekly options were
introduced, the expiration day effects still exist on trading volume, which implies that there
may still exists some information asymmetry in the market. The results are the same after

considering moneynessin Table V.
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Table 1V:Impacts of introducing weekly options on monthly options near expiration

daysand the expiration day effect

VOL, LIQ, o,
VOL, 0.006* 0.119%**
(1.83) (14.69)
VOL,_, 0.160%** -0.089%**
(3.87) (-9.90)
LIQ, 0.553 0.213*
(1.08) (1.81)
LIQ,_; 0.159%**
(3.43)
o, 2.206%%* 0.015
(13.97) (0.90)
iy 0.303%**
(7.35)
ol ; 3.096%**
(11.47)
sP, 0.063*
(1.90)
INT, -0.438
(-0.76)
Dy, -0.028** 0.005%** -0.007%**
(-2.43) (5.12) (-3.14)
D,, 0.058%** -0.001 -0.004
4.01) (-0.71) (-1.14)
Cons._ -0.081 0.027%** 0.033%**
(-1.23) (8.76) (5.36)

In this table, we include another dummy variable,D,, to further examine the impacts in the last week to
settlement. The simultaneous equations are:VOL; = a, + a{LIQ; + a0, + a3INT, + a,0I,_1 + asVOL,_4 +
a¢Di; + a;Dy + 14, LIQ, = by + b{VOL, + byo, + b3SP, + b L1Q;_1 + bsDy; + bgD,; + &5, and o, = ¢y +
cVOL, + ¢ L1Q; + c3VOL,_4 + c40,_1 + c5Dy; + c¢Dy; + €3..D,represents whether the transactions occur in
this period (equals 1 for being in the period), while D, still represents the introduction of weekly options.VOL is
the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatilityof the underlying market.

INT is the Interbank Overnight Call-Loan Rate. Ol is the daily open interest. SP is the daily weighted average

settlement price. Significance levels: ***:1%, **:5%, *:10%
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4.4 The impacts considering moneyness and types of options

Table V: Coefficients of dummy variables of Model (2)

VOL, LIQ, o
5 20,017+ 0.001 -0.009%**
1t
(-2.93) (1.65) (-3.88)
ATM Call
a 5 0.032%** -0.0002 -0.005
2 (4.18) (-0.20) (-1.29)
5 -0.014%** 0.005%** -0.009%**
1t
(-2.62) (6.68) (-4.04)
ATM Put
4 ; 0.032%%* -0.0001 -0.004
“ (4.80) (-0.10) (-1.24)
g -0.011* 0.003%*%* -0.008%**
1t
(-1.86) (3.36) (-3.37)
ITM Call
a | 0.035%** -0.000003 10.005
k- (4.59) (-0.00) (-1.37)
| -0.003* 0.003%** 20.009%**
1t
(-1.88) (3.43) (-3.17)
ITM Put
. . -0.005%** -0.0001 0.003
2 (-3.05) (-0.12) (0.84)
5 -0.012** 0.003%** -0.008%**
ot o (-1.96) (4.15) (-3.24)
[\ 0.035%** -0.0004 0.005
& (4.67) (-0.38) (1.40)

In this table, coefficients of dummy variables are reported. Dataset are.divided into three categories by
moneyness. ATM, ITM, ‘and OTM are abbreviations of at-the-money, in-the-money, and out-of-the-money
respectively. The range of moneyness is determined using K/S ratio. K/S ratio of ATM options ranges from 0.93
to 1.07. The regression of OTM put options has insufficient observations so that results are absent. VOL is the
daily trade volume. LIQ is the proportional bid-ask"spread. cis the price volatilityof the underlying market.

Significance levels: ***:1%, **:5%, *:10%

In this section, the dataset are divided into six categories by moneyness and types of
options. The range of moneyness is the same as mentioned above. Results are displayed
below from Table VI to Table XV and also reorganized by taking out coefficients of dummy

variables, which is Table V below. The impacts of introducing weekly option, which are the
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coefficients of D4., appear to be different among moneyness. First of all, impacts are similar
in the same moneyness category regardless of call or put. Coefficients’ directions of the three
variables are also identical in all option categories. However, impacts are not apparent only on
spreads of ATM call options. Looking at the impacts of weekly option listing and taking into
account of moneyness, three variables have different results. As of volume, decreases are
more apparent on ATM options than the others. In general, time value has a maximum on
ATM options, which favors sellers who want to earn profits from time value decrease. The
property of weekly options allow sellers to have another choice to short options with shorter
duration and therefore the market uncertaintyof longer duration would be lessen. As a result,
volume transfers from monthly-options to weekly options. In contrast, spreads increase more
apparently_in all kinds of options except for ATM call options. This is probably also a result
after volume decreased because the liquidity of monthly options decreases after lower volume
and appears larger spreads. Price volatility is the only variable that decreases are similar in all
kinds of options, both directions and values. This is probably because price volatility is a
market property, not a property of individual or specific security. So the influence has no
difference among moneyness.

Secondly,‘as time goes near settlement, the coefficients of D,,tell the influence of time
to maturity on monthly options. Results still appear to have expiration day effect on volume
of monthly options, while liquidity and price volatility seems to be not affected by time to
maturity. Besides, the significance and values of coefficients of D, are all similar to model
(1). This indicates two important messages:(1)impacts of weekly option listing do not change
regardless of time to maturity; (2)expiration day effects still significantly appear in monthly
options after weekly optionlisting. For detailed results, tables are displayed in the appendix.

Alike the impacts of most index options on its underlying securities, the introduction of
weekly option also decreased the volume of monthly options. Moreover, liquidity also

decreased, which is differentfrom other studies. For example, Chen and Chung (2011) showed
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that the introduction of SPDR options improves the liquidity of SPDRs.This is probably
because our research objective is monthly options, not the whole TXO market. Prior research
focus on the whole market including the new derivative. Price volatility of the underlying
market decreased after weekly option listing, which supports the view of prior research, such
as Damodaran and Lim (1991), and Liu (2007) both reach the same conclusion that stock
index options can stabilize its underlying market.Shenbagaraman (2003) also suggests that
futures and options listing do not destabilize the underlying market but also improves
liquidity in India market. However, some studies still. show that new futures/option listing
may not stabilize the underlying market. Ma and Rao (1988) found that volatilestocks become
more stable after option listing; while stable stocks become more volatile after option listing.
The most obvious and opposite example is the research by Trede and Wahrenburg (1997) who
found that German stock returns became more volatileafter introduction of options at the
DeutscheTerminbdrse (DTB). Therefore, it is still not sure whether option listing stabilizes the

underlying market or not.
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5 Robustness Analysis

Previous studies report that raw series data with time trend and common regularities
may result in spurious conclusions in the regression analyses. To solve the potential
spuriousness problem, we adjust the time-series of liquidity for deterministic variables
using regression equation (3) before proceeding with the simultaneous equation in
equation (1) and equation (2). The approach is similar to that used in Roll, Schwartz, and
Subrahmanyam (2007) for adjusting the series’ basis in the stock-futures basis. The
innovations (regression residuals) from Equation (3) are used for subsequent regression

analysis.

4
X, = o + Zyk *TimMat, + @, *T, + @, *T  + & (3)
k=1

In_equation (3), the x; denotes the raw time series of liquidity to-be adjusted.
Following deterministic variables are chosen to adjust the raw series: (i) TimMaty : four
dummies for the four days prior to option expiration to control for maturity-related
effects, with k=1 representing the last trading day; (i1) a linear time trend, T, and a

quadratic time trend, T?, to remove any long-term trend. With the estimated coefficients

(t-value), aq is 0.0408(37.49); y,, 7,, 7,, and y,are -0.0137(-8.02), 0.0060(3.61),

0.0091(5.43),and 0.0090(5.26),respectively;. T.andT? are -0.0022(-0.91) and 0.0025(2.19),
respectively. The regression R-square is 0.2398 (>0), suggesting that the chosen variable
explain a non-trivial portion of liquidity.

Table VII and Table VIII reportthe regression results after the adjustment on
liquidity.Results reveal that, no matter trading activities happened on the settlement week
or not, the impacts of weekly option listing on trade volume and liquidity of monthly
options, and price volatility of underlying index remain the same with those in section 4.

In Table VII, the coefficients of D.on fortrade volume, liquidity, and price volatility are
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-0.022, 0.002, and -0.007 at significance level of 10%, 5%, and 1%,
respectively.However, in Table VIII, the coefficients of D for VOL,, LIQ,, and
o.become -0.026, 0.002, and -0.007 at significance level of 5%, 5%, and 1% respectively.
The coefficients of D,, for VOL,, LIQ,, and o, are 0.058 , -0.0001 and -0.004 with
only 0.058at 1% significance level, which are also identical with results before

adjustment. Results of regressions based on optionmoneyness are similar with the prior

findings.

Table VI: Impacts of introducing weekly options on monthly options after the

adjustment on liquidity

VOL, LIQ; o,
VOL, 0.001* 0.118%**
(0.33) (14.78)
VOLy 0.189%** -0.091%**
(4.57) (-10.63)
LIQ, 0.153 0.308**
(0.26) (2.32)
LIQ, 0.137%**
(3.13)
o, 2.256%** 0.020%*
(13.93) (2.05)
iy 0.309%**
(7:60)
0l,_, 3.291%%%
(12:22)
sP, 0.006
(0.21)
INT, -0.566
(-0.97)
D, -0.022% 0.002%* -0.007***
(-1.92) (2.02) (-3.18)
Cons._ -0.066 -0.004 0.042%%*
(-1.05) (-1.66) (10.53)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. However, factors that might affect

liquidity, such as time-to-maturity and temporal trends, are taken off from the raw time-series data through the
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4
equation X, =a, +Z7k *TimMat, + @, *T, + @, *T.” + ¢, .ois the price volatility of the underlying market. INT is
k=1

the Interbank Overnight Call-Loan Rate. Ol is the daily open interest. SP is the daily weighted average
settlement price. Significance levels: ***:1%, **:5%, *:10%
Table VII:Impacts of introducing weekly options on monthly options near expiration
days and the expiration day effectafter the adjustment on liquidity

VOL, LIQ, o,
VOL, 0.001 0.119%**
(0.35) (14.74)
VOL,_, 0.162%** -0.089%**
(3.92) (-9.89)
LIQ, 0.164 0.306%*
(0.28) (2:30)
LIQ,_; 0:137%**
(3.13)
o, 2.239%%* 0.029%*
(14.02) (2.04)1
Ors 0.302%**
(7.34)
Ol_; 3.089%**
(11.43)
SP, 0.005
(0.17)
INT, -0.465
(-0.81)
Dy, -0.026** 0.002%* -0.007***
(-2.28) (1.99) (-3.00)
D,, 0.058%** -0.0001 -0.004
(4.00) (-0.10) (-1.15)
Cons._ -0.057 -0.004 0.042%**
(-0.91) (1.58) (10.25)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. However,factors that might affect liquidity,

such as time-to-maturity and temporal trends, are taken off from the raw time-series data through the equation
4

X, =0‘o+27k *TimMat, + @, *T, + @, *T? + &, -0 is the price volatilityof the underlying market. INT is the
k=1

Interbank Overnight Call-Loan Rate. Ol is the daily open interest. SP is the daily weighted average settlement

price. D,represents whether the transactions occur in this period (equals 1 for being in the period), while D;

still represents the introduction of weekly options. Significance levels: ***:1%, **:5%, *:10%
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6 Conclusion

This paper provides empirical results of the impacts of weekly options on thevolume,
liquidity of monthly options and the price volatility of its underlying market by applying a
simultaneous equation approach. Firstly, we find that launching weekly options significantly
decreases the volume and liquidity of monthly options.Secondly, the introduction also
stabilizes the underlying market by decreasing its price volatility. In the second part, we use
another dummy variable and focus on the last week of settlement to see whether the impacts
on volume, liquidity of monthly options and the price volatility of its underlying market
become more apparent or not.-Results-show that impacts of weekly option listing generally
remain unchanged during settlement week. Only trade volume significantly increases due to
expiration day effects. These results are consistent with our hypotheses.

In the third part, the results based on moneyness-and types of options,show.that weekly
option listing influence trade volumeeven more in at-the-money options, while impactson
liquidity are-more apparent in in-the-money and out-of-the-money options.

In addition, we also obtain the same results after-adjusting the raw data of liquidity by
removingthe effect of time-to-maturity and time trend.Even controlling for moneyness and
option types, the impacts of weekly option listing also remain identical as those results before

the adjustments..
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8 Appendix

Table VIII: Impacts of introducing weekly options on monthly options
(at-the-moneycall options)

VOL, LIQ, o,
VOL, -0.012%* 0.214%**
(-2.31) (13.17)
VOL,_, 0.197%** -0.171%**
(4.78) (-9.91)
LIQ, -0.546* 0.511%**
(-1.78) (3.70)
LIQ,_; 0.191%**
(4.46)
o, 1.092%%* 0.050%**
(13.04) (3.98)
Ors 0.292%%*
(7.13)
or. 0.424%%*
(12.54)
sP, -0.050%**
(-3.25)
INT, 0.126
(0.42)
D, -0.016%%* 0.001 -0.009***
(-2.74) (1.66) (-4.01)
Cons._ -0.057 0.024%%% 0.032%**
(-1.65) (11.84) (5.72)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ois the price volatility of the underlying
market. INT is the Interbank Overnight Call-Loan Rate. Ol is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%
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Table IX:Impacts of introducing weekly options on monthly options near expiration
days and the expiration day effect(at-the-money call options)

VOL, LIQ, o,
VOL, -0.011** 0.218%**
(-2.12) (13.16)
VOL,_, 0.168%*** -0.165%**
(4.09) (-9.23)
LIQ, -0.582* 0.517%**
(-1.92) (3.75)
LIQ,_; 0,193%**
(4.37)
o, 1.080%** 0.050%%*%*
(13.10) (3.92)
iy 0.286%**
(6.92)
ol ; 0.395%**
(11.64)
sP, -0.051***
(-3.25)
INT, 0.120
(0.40)
Dy, -0.017*** 0.001 -0.009%**
(-2.93) (1.65) (-3.88)
D,, 0.032%** -0.0002 -0.005
(4.18) (-0.20) (-1.29)
Cons._ -0.045 0.024%** 0.031%**
(-1.33) (11.77) (5.49)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatility of the underlying
market. INT is the Interbank Overnight Call-Loan Rate. Ql is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%
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Table X: Impacts of introducing weekly options on monthly options
(at-the-money put options)

VOL, LIQ, o,
VOL, 0.029%** 0.256%**
(4.93) (14.07)
VOL, 4 0.268%** -0.208***
(6.33) (-10.73)
LIQ, 0.059 0.402%**
(0.21) (2.94)

LIQ;—1

(7.68)

VOL is the daily trade vo the proportional bid-ask spread. ais the e volatility of the underlying
market. INT is the Interba vernig| all-Loan Rate. Ol is the V/ est. SP is the daily weighted

average settlement price.Significance levels: """57
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Table XI:Impacts of introducing weekly options on monthly options near expiration
days and the expiration day effect(at-the-money put options)

VOL, LIQ, o,
VOL, 0.030%** 0.260%**
(4.70) (14.05)
VOL,_, 0.226%** -0.201%**
(5.34) (-9.96)
LIQ, 0.046 0.402%**
(0.17) (2.95)
LIQ,_; 0.147%**
(3.40)
o, 0.945%** -0.006
(12.87) (-0.48)
iy 0.288%**
(7.03)
ol ; 0.341%%*
(10.04)
sP, 0.086%**
(6.75)
INT, -0.174
(-0.67)
Dy, -0.014%*** 0.005%** -0.009%**
(-2.62) (6.68) (-4.04)
D,, 0.032%** -0.0001 -0.004
(4.80) (-0.10) (-1.24)
Cons._ :0.020 0.013%** 0.034%**
(-0.66) (7.60) (6.56)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatility of the underlying
market. INT is the Interbank Overnight Call-Loan Rate. Ql is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%
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Table XII: Impacts of introducing weekly options on monthly options
(in-the-money call options)

VOL, LIQ, o,
VOL, -0.001 0.220%**
(-0.25) (13.56)
VOL, 4 0.248*** -0.169%**
(6.02) (-9.72)
LIQ, -0.508 0.465%**
(-1.61) (3.39)

LIQ;—1

(12.35)

VOL is the daily trade vo the proportional bid-ask spread. ais the e volatility of the underlying
market. INT is the Interba vernig| all-Loan Rate. Ol is the V/ est. SP is the daily weighted

average settlement price.Significance levels: "‘W
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Table XI11:Impacts of introducing weekly options on monthly options near expiration
days and the expiration day effect(in-the-money call options)

VOL, LIQ, o,
VOL, -0.011 0.224%%*
(-0.23) (13.57)
VOL,_, 0.211%** -0.162%**
(5.12) (-8.98)
LIQ, -0.532* 0.470%**
(-1.72) (3.43)
LIQ,_; 0,199%**
(4.46)
o, 1.071%%* 0.038%%**
(12.75) (3.01)
iy 0.283%**
(6.83)
ol ; 0.264%**
(9.67)
sP, 0.00001
(0.37)
INT, -0.485
(-1.61)
Dy, -0.041* 0.003%** -0.008%**
(-1.86) (3.36) (-3.37)
D,, 0.035%** -0.000003 -0.005
(4.59) (-0.00) (-1.37)
Cons._ 0.027 0.020%** 0.030%**
(0.79) (12.01) (5.43)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatility of the underlying

market. INT is the Interbank Overnight Call-Loan Rate. Ql is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%
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Table X1V: Impacts of introducing weekly options on monthly options
(in-the-money put options)

VOL, LIQ, o,
VOL, -0.030 0.760%**
(-1.66) (9.30)
VOL, 4 0584+ -0.592%**
(16.52) (-7.02)
LIQ, -0.078 0.544%%*
(-1.01) (3.66)

LIQ;—1

Cons

A (12.06)

VOL is the daily trade vo the proportional bid-ask spread. ais the e volatility of the underlying
market. INT is the Interba vernig| all-Loan Rate. Ol is the V/ est. SP is the daily weighted

average settlement price.Significance levels: """57
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Table XV:Impacts of introducing weekly options on monthly options near expiration
days and the expiration day effect(in-the-money put options)

VOL, LIQ, o,
VOL, -0.030 0.766%**
(-1.66) (9.33)
VOL,_, 0.565%** -0.592%**
(15.84) (-7.01)
LIQ, -0.061 0.539%**
(-0.80) (3.63)
LIQ,_; 0,180%**
(4.04)
o, 0.169%** 0.037%%%
(8.22) (3.07)
iy 0.202%**
(4.82)
ol ; 0.033%**
(3.50)
sP, 0.011%**
(2:81)
INT, 0.258%*%*
(3.33)
Dy, -0.003* 0.003%** -0.009%**
(-1.88) (3.43) (-3.17)
D,, -0,005%** -0.0001 0.003
(-3.05) (-0.12) (0.84)
Cons._ -0.029%** 0.019%** 0.040%**
(-3.46) (12.03) (6.80)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatility of the underlying
market. INT is the Interbank Overnight Call-Loan Rate. Ql is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%
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Table XVI: Impacts of introducing weekly options on monthly options
(out-of-the-money call options)

VOL, LIQ, o
VOL, 0.006 0.222%**
(1.12) (13.72)
VOL, 4 0.249%** -0.169%**
(6.05) (-9.76)
LIQ, -0.449 0.449%**
(-1.42) (3.28)

LIQ;—1

(11.72)

VOL is the daily trade vo the proportional bid-ask spread. ais the e volatility of the underlying
market. INT is the Interba vernig ' Rate. Ol is the V/ est. SP is the daily weighted

ernight Call-Loan il
average settlement price.Significance levels: ***:1% )
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Table XVII:Impacts of introducing weekly options on monthly options near expiration

days and the expiration day effect(out-of-the-money call options)

VOL, LIQ, o,
VOL, 0.007 0.226%**
(1.17) (13.74)
VOL,_, 0.211%** -0.162%**
(5.12) (-9.01)
LIQ, -0.470 0.454%%*
(-1.52) (3.32)
LIQ,_; 0.187%**
(4.21)
o, 1.079%%* 0.028%*
(12.88) (2.11)
iy 0.283%**
(6.84)
ol ; 0.256%**
(9.61)
sP, 0.002%*
(2:51)
INT, -0.472
(-1.57)
Dy, -0.012%* 0.003%** -0.008%**
(-1.96) (4.15) (-3.24)
D,, 0.035%** -0.0004 0.005
(4.67) (-0.38) (1.40)
Cons._ 0.026 0.019%** 0.030%**
(0.76) (11.27) (5.47)

VOL is the daily trade volume. LIQ is the proportional bid-ask spread. ais the price volatilityof the underlying
market. INT is the Interbank Overnight Call-Loan Rate. Ql is the daily open interest. SP is the daily weighted

average settlement price.Significance levels: ***:1%, **:5%, *:10%?

The regression results of out-of-the-money put options are absent due to insufficient observations during
three-stage multiple regressions.
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