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A B S T R A C T   

The Hong Kong Stock Exchange adopted a standard closing call auction mechanism in 2008 but 
suspended its operation ten months later due to suspicion of widespread price manipulation. The 
Exchange revamped the mechanism with manipulation-deterrence enhancements and relaunched 
it in 2016. We exploit this unique setting to examine the effect of call auction design on closing 
price manipulation. Our results indicate that the standard call auction mechanism is vulnerable to 
closing price manipulation. Under this mechanism, overnight price reversal is more pronounced 
on days when derivatives expire and on days when large orders were submitted just before the 
market close.   

1. Introduction 

In equity markets, the closing price is the most important price of the day. It is widely used to calculate the net asset values of 
mutual funds; to determine settlement prices of derivatives contracts; and to compute stock returns analyzed by academic researchers 
(Chamberlain et al., 1989; Stoll and Whaley, 1991; Kumar and Seppi, 1992; Carhart et al., 2002). Due to their importance, closing 
prices are prone to manipulation and can be distorted from fundamental values (Felixson and Pelli, 1999; Hillion and Suominen, 2004; 
Spatt, 2014). Therefore, when and to what extent the closing price is set efficiently is a relevant theoretical and applied question. 
Currently, closing price in equity markets is predominantly set by call auction mechanisms, where orders are consolidated and 
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executed at a single price at which the quantity supplied equals the quantity demanded (Demsetz, 1968). In October 2018, closing call 
auctions were used in nine of the world’s top ten stock exchanges by market capitalization, including the New York Stock Exchange 
(NYSE), Nasdaq, Tokyo Stock Exchange, Euronext, and London Stock Exchange group, with a combined market capitalization of 
approximately US$57 trillion, or 73% of the world’s total value of equities. 

Closing call auctions are widely used for many reasons. First, they can facilitate trades at the market close.1 Second, they can absorb 
extreme liquidity shocks without producing inefficient prices and excess volatility (Barclay et al., 2008). Third, they can improve price 
discovery (Madhavan, 1992; Biais et al., 1999; Cao et al., 2000; Schwartz, 2001; Pagano and Schwartz, 2003; Comerton-Forde et al., 
2007a; Chang et al., 2008).2 Last, it is widely believed that closing call auctions are more robust to manipulation than other closing 
mechanisms (Hillion and Suominen, 2004; Comerton-Forde et al., 2007a; Chang et al., 2008; Kadıoğlu et al., 2015).3 

In this paper, we use a unique experience at the Hong Kong Stock Exchange (HKEx) to demonstrate the importance of call auction 
design on closing price manipulation. On May 26, 2008, the HKEx changed its closing mechanism by introducing a standard call 
auction mechanism (henceforth “StandardCALL”), which was conducted in a Closing Auction Session (CAS) from 4:00 p.m. to 4:10 p. 
m. The introduction aimed to help institutional investors trade at securities’ closing prices in a single-price call auction. This mech-
anism was standard because it was devoid of manipulation-deterrence features, such as binding price limit, randomization of closing 
times, and volatility extensions. It also stands in sharp contrast to the former closing price mechanism, which was designed to deter 
manipulation and used the median of five prices (rather than a single price) near the market close to set the closing price.4 

Just five days after the introduction, excessive price movements occurred during the closing session on the MSCI index rebalancing 
day.5 HKEx eventually suspended this mechanism due to extreme volatility and suspicion of widespread price manipulation: 

“Almost immediately, the system attracted criticism after closing prices in some shares began swinging wildly during the 10-min 
auction.” (“HKEx drops late auction,” The Wall Street Journal Asia, March 13, 2009.) 

To illustrate, consider the plunge in HSBC shares on March 9, 2009. The plunge was the biggest one-day drop since Black Monday in 
1987, and its impact was exceptionally large because HSBC was ranked as one of the world’s top five banks by total assets and the 
largest company on the HKEx, with a global market capitalization of HK$1.6 trillion, or US$200 billion. On that day, the indicative 
closing price of HSBC fluctuated mildly from HK$37 to HK$38 during the closing session. However, 3 seconds before the market close, 
a trader submitted five exceptionally large sell orders, causing the indicative closing price to plunge from HK$37 to close at HK$33, a 
drop of over 10%. When the market opened the next day, HSBC shares bounced back to open at HK$37.25. Fig. 1 presents the 
indicative closing price and cumulated sell orders of HSBC shares during the closing auction session on March 9, 2009. The five sell 
orders were remarkably large, at 5.4 million shares, and represented over 50% of the indicative trade volume at the closing auction 
session.6 

To reduce potential manipulation and extreme price volatility, the HKEx revamped the call auction mechanism (henceforth 
“RevampCALL”) and re-launched it on July 25, 2016. The revamped mechanism adds several enhancements to deter manipulation, 
particularly binding price limit and random closing time. We use these two episodes to examine the effect of call auction design on 
closing price manipulation. Our findings indicate that the standard call auction mechanism is vulnerable to closing price manipulation 
on expiration days of Callable Bull/Bear Contracts (CBBCs), a derivative product of the underlying equity, and on days when a large 
change in price or trade volume occurs near the market close (henceforth “sniping days”).7 

1 The ability to facilitate trades at the market close is increasingly important due to the rising popularity of passively managed mutual funds in 
recent decades. Appel et al. (2019) show that in the United States, the percentage of total market capitalization that is held by passively managed 
funds increased substantially from 1.6% in 1998 to 8.1% in 2014.  

2 However, there are exceptions to this rule. Madhavan and Panchapagesan (2000) and Comerton-Forde et al. (2007b) examine the performance 
of call auctions at the market open and find that price discovery in call auctions does not improve for illiquid stocks and at times of extreme order 
imbalances. In addition, Ellul et al. (2005) compare the performance of the call market with dealership market, while Muscarella and Piwowar 
(2001) compare the performance of stocks that transferred between the periodic call market and the continuous trading market. They also point to 
the same conclusion that call auctions do not always improve price discovery.  

3 To reduce closing price manipulation is a widely stated reason to implement call auction mechanisms by exchange operators because call 
auctions can consolidate order flows at the market close, thus increasing the cost of price manipulation. Consistent with this claim, the NYSE and 
Nasdaq oppose a recent decision made by the U.S. Securities and Exchange Commission (SEC) to allow fragmentation of order flows at the market 
close due to the concern of closing price manipulation. According to that decision, buy or sell orders designated to be executed at daily closing prices 
in the Chicago Board Options Exchange will not be used to determine closing prices at the NYSE and Nasdaq. (“SEC Decision on 4 p.m. Closing Trades 
Deals Blow to NYSE, Nasdaq,” The Wall Street Journal, January 21, 2020.)  

4 Section 2 contains detailed descriptions of three closing mechanisms used by the HKEx during our sample period.  
5 167 stocks were affected (i.e., added, deleted, or re-weighted) by the MSCI index rebalancing on May 30, 2008. Twenty two stocks had more 

than 5% price fluctuation during the closing auction session and experienced large price reversals on the following open (to be discussed in Section 
5.5).  

6 Indicative closing price is the price obtained from a single-price call auction that yields the maximum number of shares transacted, i.e., the 
indicative trade volume. Cumulated sell (buy) orders are the accumulated number of shares from sell (buy) orders with a specified price at or better 
than the indicative closing price. Appendix A contains additional details of these terms and the standard call auction mechanism.  

7 The term “sniping” refers to the practice of submitting bids in the last few seconds in auctions with fixed end time (such as eBay auctions). 
Although the ultimate purposes of sniping in standard call auctions (to influence the closing price) and in internet auctions (to obtain the good) are 
different, the rationale for this strategy is the same, namely to leave insufficient time for competing bidders to respond. See Roth and Ockenfels 
(2002) for an analysis of sniping in internet auctions. 
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In this paper, we systematically evaluate the performance of the HKEx’s closing mechanisms. We find that on suspected manip-
ulation days, volatility at the close is greater under the standard call auction mechanism than under the revamped call auction 
mechanism. For example, on CBBC expiration days, the volatility of the final 10-minute return before the close is, on average, 346% 
larger under the standard call auction mechanism than that under the revamped call auction mechanism (13.10% vs. 2.94%).8 

Our paper adds to the literature in several ways. First, our findings highlight the importance of call auction design and indicate that 
call auctions per se do not necessarily reduce manipulation, especially those devoid of manipulation-deterrence features. Under the 
standard call auction mechanism, limit order price could be specified from +800% to − 89% of the last traded price, compared to 
approximately ±2.4% of the prevailing market price during the continuous trading session. Thus, a non-binding price limit in call 
auctions encourages manipulation because it increases the profit from manipulation (Kim and Park, 2010). Additionally, sniping can 
be implemented under a fixed closing time because manipulators can submit exceptionally large orders shortly before the end of the 
auction, leaving no time for other traders to react. In contrast, this strategy under random closing time would be much less feasible. 
Consistent with this claim, we find that overnight price reversal is more pronounced on days when a large change in price or trade 
volume occurs in the last few seconds before the market close under the standard call auction mechanism than under other closing 
mechanisms. Our findings are consistent with the auction design literature, which emphasizes that institutional details matter.9 

Specifically, previous studies indicate that randomization of closing times, well-designed call auction matching algorithms, and 
order-balancing mechanisms reduce manipulation (Comerton-Forde and Rydge, 2006; Hauser et al., 2012; Cordi et al., 2015). 

Second, we study a motive of closing price manipulation by linking the performance of closing call auctions on expiration days of 
CBBCs—a derivative product of the underlying equity. Essentially, CBBCs are knock-out barrier options in that they expire immedi-
ately when the price of the underlying stock reaches a pre-specified level. Additionally, CBBC investors obtain a payoff that can be 
determined by the closing price of the underlying stock on the expiration day. As CBBCs are actively traded in Hong Kong, the incentive 
of closing price manipulation is strong on CBBC expiration days. For example, the total turnover value of CBBCs in 2009 was 

Fig. 1. Indicative closing price and cumulated sell orders for HSBC shares during the closing action session on March 9, 2009. The solid line 
represents the indicative closing price and the dotted line represents the cumulated sell orders. The left axis is the cumulated sell orders, which are 
the accumulated sell orders available to be matched with the accumulated buy orders at the indicative closing price or better. The right axis is the 
indicative closing price. Order cancellation and amendment were prohibited in the final 2-minute of the closing auction session, i.e., 4:08 p.m. −
4:10 p.m. 

8 The annualized volatility is computed by multiplying volatility in the final 10-minute return before the market close with √252. Therefore, the 
annualized volatility is 13.10% (= 0.825% × √252) under the standard call auction mechanism and 2.94% (= 0.185% × √252) under the 
revamped call auction mechanism.  

9 Hasbrouck, 2007, p. 18 states that “although auctions may appear simple, seemingly minor details of implementation can have profound 
effects.” 
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approximately HK$1.7 trillion (US$219 billion), constituting nearly 11% of total turnover value on the HKEx. Consistent with our 
expectations, we find that on CBBC expiration days, overnight price reversal is more pronounced under the standard call auction 
mechanism than under other closing mechanisms. Our results corroborate evidence that profitable trading strategies can be devised on 
such expiration days (Cheung et al., 2010; Lei, 2015). In addition, we also study the performance of closing call auctions on days when 
they are used to determine index prices. Congruent with our expectations, we find that overnight price reversal is meaningfully more 
pronounced on MSCI index rebalancing days under the standard call auction mechanism than under other closing mechanisms. 

Third, our setting is less susceptible to possible biases from confounding factors that are correlated with time trends. The unique 
experience of the HKEx to adopt, and then to suspend, and eventually to revamp and relaunch the closing auction mechanism provides 
a quasi-experimental setting to accurately measure the performance of call auction mechanisms. Prior studies that examine the per-
formance of call auctions in major stock exchanges (e.g., the NYSE, Nasdaq, and Euronext) typically rely on a before-and-after 
comparison, and it may be difficult to disentangle the real effect from unobserved time trends (Amihud and Mendelson, 1987; Stoll 
and Whaley, 1990; Pagano and Schwartz, 2003; Pagano et al., 2013). 

Fourth, our results are unlikely to be confounded by extreme market conditions because our main variables of interest are measured 
at very fine time intervals, namely a 5-second or 10-minute interval. We also include day fixed effects in our regressions to control for 
variation in liquidity shocks across trading days. Focusing on such fine details allows us to isolate the effects of market microstructure 
from the effects of broader market movements. Doing so is particularly relevant, as the stock market was extremely volatile and on the 
decline during the period when the standard call auction mechanism was used. 

Last, many studies use prosecuted cases to examine price manipulation (Aggarwal and Wu, 2006; Comerton-Forde and Rydge, 
2006; Comerton-Forde and Putniņš, 2011, 2014). They find that price manipulation typically occurs in small and illiquid stocks. 
Because our sample comprises the largest companies in the HKEx, our evidence suggests that manipulation can occur even for large and 
liquid stocks. Further, we provide insight on the limitation of using prosecuted cases to draw inferences on the extent of closing price 
manipulation, as there were very few prosecuted cases during the period when the standard call auction mechanism was used. The 
absence of such cases is often simply due to the regulator’s limited capability to accurately detect and successfully prosecute 
manipulators. 

2. Trading mechanisms 

Currently, the HKEx has four trading sessions each day: pre-opening session, morning session, afternoon session, and closing 
auction session. A call auction mechanism is used in the pre-opening to determine opening price and lasts from 9:00 a.m. to 9:30 a.m. 
Continuous trading in an order-driven system commences immediately after the pre-opening session in two sessions: the morning 
session from 9:30 a.m. to 12:00 p.m. and the afternoon session from 1:00 p.m. to 4:00 p.m. The closing auction session commences 
immediately after the afternoon session from 4:00 p.m. to 4:10 p.m. and a call auction mechanism is used to determine the closing 
price.10 During our sample period, the HKEx used three different closing price mechanisms. 

2.1. Standard call auction mechanism: StandardCALL period 

For approximately ten months from May 26, 2008 to March 22, 2009, the HKEx introduced a standard call auction mechanism to 
determine closing price. The closing price is determined in a closing auction session that commenced at 4:00 p.m. and ended with a 
fixed closing time at 4:10 p.m. During the closing session, buy and sell orders set to determine the closing price would accumulate. 
Traders could place, modify, and cancel market and limit orders during the first 8 min of the session. In the final 2-minute of the 
session, new market orders were allowed but modification and cancellation of existing orders were disallowed. Throughout the closing 
session, market participants could observe the resulting indicative closing price and indicative trade volume, without any trades 
actually taking place.11 At 4:10 p.m., orders were matched, and transactions were executed at the indicative closing price at 4:10 p.m., 
which was the closing price of the day.12 The indicative closing price is the price obtained from a single-price call auction that yields 
the maximum number of shares transacted. In addition, short selling was prohibited during the closing session. In Appendix A, we 
describe the algorithm used to compute the indicative closing price and indicative trade volume during the closing session. 

During the closing session, the price specified by a limit order was bounded by the “9-times restriction rule”: the upper price limit of 
submitted orders is 9 times (+800%) the nominal price at 4:00 p.m., and the lower price limit of submitted orders is 1/9 of (− 89%) the 

10 To increase the overlap of trading hours between the HKEx and the Mainland Chinese markets, the HKEx modified the trading hours twice 
during our sample period. Before March 6, 2011, the pre-opening session was held from 9:30 a.m. to 10:00 a.m., the morning session from 10:00 a. 
m. to 12:30 p.m., and the afternoon session from 2:00 p.m. to 4:00 p.m. From March 7, 2011 to March 4, 2012, trading hours were revised such that 
the pre-opening session was held from 9:00 a.m. to 9:30 a.m., the morning session from 9:30 a.m. to noon, and the afternoon session from 1:30 p.m. 
to 4:00 p.m. The current trading hours began March 5, 2012. See http://www.hkex.com.hk/-/media/HKEX-Market/News/Market-Consultations/ 
2006-to-2010/September-2010-Consultation-Paper-on-Proposed-Changes/Conclusions/cp2010093cc.pdf for additional details on changes in 
trading hours around our sample period.  
11 The official names for market orders and limit orders allowed during the closing auction session are at-auction orders and at-auction limit orders, 

respectively. The official name for indicative closing price is the indicative equilibrium price.  
12 If there is no indicative closing price available after the closing session (i.e., there is no match at all), the closing price is determined by the 

median of five nominal prices in the final minute of the afternoon session. 
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nominal price at 4:00 p.m. In contrast, limit orders submitted during the continuous trading session were restricted to narrower bands. 
Specifically, they must be input within 24 ticks of the prevailing market price (henceforth the “24-tick rule”). For example, 24 ticks 
correspond to a price range of ±2.4% for a stock trading at $50. 

2.2. Median pricing procedure: NonCALL period 

Starting in 1993, the HKEx used the median pricing procedure (NonCALL) to compute the closing price. The closing price was 
determined by the median of five snapshot nominal prices in the final minute of the afternoon session. These nominal prices are taken 
at five specific times, which are 15 seconds apart; from 3:59 p.m. to 4:00 p.m. Choosing the median of these prices ensures that the 
closing price would not be unduly influenced by one single trade. Note that the 24-tick rule applied to orders submitted during this 
procedure, implying that the price specified by limit orders was restricted to approximately ±2.4% of the prevailing market price. This 
closing mechanism was replaced by the standard call auction mechanism on May 26, 2008. It was reinstated on March 23, 2009 after 
the standard call auction mechanism was suspended and remained effective until the revamped call auction mechanism was intro-
duced on July 25, 2016. 

2.3. Revamped call auction mechanism: RevampCALL period 

The revamped call auction mechanism includes two major enhancements in auction design to deter price manipulation.13 First, the 
closing time is randomized between 4:08 p.m. and 4:10 p.m. Second, the price limit is significantly reduced to only ±5% of the 
reference price set at 4:00 p.m. The reference price is also improved and determined by the median of five nominal prices taken in the 
final minute of the afternoon session rather than a single nominal price taken at 4:00 p.m. used in the standard call auction mechanism. 
Other minor enhancements include no modification and cancellation of existing orders during the final 4-minute of the closing session. 
However, limit orders are allowed throughout the entire closing session. Other design features are identical to those used in the 
standard call auction mechanism. 

3. Data and sample 

Our sample begins with all constituent stocks in the Hang Seng Index between May 26, 2008 and January 22, 2010. Our final 
sample has 36 stocks after excluding stocks with less than 180 daily observations in each of the four sub-periods (to be described later). 
Appendix B presents a list of stocks used in the final sample. These stocks are large and comparable in size to component stocks of the 
S&P500 Index. Their market capitalizations in 2009 ranged from US$2.9 billion for COSCO Pacific to US$200.5 billion for HSBC. In 
2009, our sample stocks were actively traded and constituted 61% of the market capitalization of all stocks listed on the HKEx. These 
stocks were chosen to evaluate whether manipulation can occur systematically in large and liquid stocks under the standard call 
auction mechanism. They also allow us to study a motive of closing price manipulation because their closing prices are used to 
determine the settlement values of derivatives contracts. 

We combine two separate sample periods covering a total of 38 months. The first sample period is from May 26, 2008 through 
January 22, 2010 and divided into two 10-month sub-periods covering two closing mechanisms. The first sub-period is 5/26/2008− 3/ 
22/2009 under the standard call auction mechanism, while the second sub-period is 3/23/2009− 1/22/2010 under the median pricing 
procedure. Similarly, the second sample period is from October 25, 2015 through April 24, 2017. It is divided into two 9-month sub- 
periods covering the revamped call auction mechanism from 7/25/2016 to 4/24/2017 and the median pricing procedure is from 10/ 
25/2015 to 7/24/2016. 

We construct our dataset from six data files published by the HKEx. Data on intra-day bid and ask quotes, indicative closing prices, 
indicative trade volume, and cumulated buy and sell orders are collected from the Bid and Ask Record files, Historical Full Book Market 
– Securities Market files, and Historical Order Book and Statistics Update – Securities Market files; data on transaction prices and 
volume are from the Trade Record files; data on day-high and day-low events are taken from the Day-end Closing Data files; and data 
on the expiration dates of CBBCs are taken from Stock Static Data (Daily) files, HKEx Fact Book, and the HKEx website. Transaction 
prices and volume are recorded to the nearest second. Data on bid-ask quotes, indicative closing price, indicative trade volume, and 
cumulated buy and sell orders are recorded to the nearest one-thousandth of a second. 

4. Empirical strategy 

We use the following regression model to estimate the effect of closing price manipulation in a call auction mechanism, relative to 
that in the median pricing procedure: 

yi,t = β1manipulatei,t × CALLt + β2manipulatei,t + FE + vi,t, (1) 

13 The revamped mechanism was introduced in three phases. The first phase starting on July 25, 2016 covered mostly large and liquid securities 
including constituent stocks of the Hang Seng Composite LargeCap and MidCap indexes, H-shares that have A-shares listed on a Mainland Exchange, 
and all exchange-traded funds. In the second phase starting on July 24, 2017, the coverage expanded to constituent stocks of the Hang Seng 
Composite SmallCap Index; and in the final phase starting on October 8, 2019 covers all stocks. 
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where yi,t is an outcome of closing price manipulation and manipulatei,t measures the likelihood or intensity of closing price manip-
ulation. When manipulatei,t is used to measure the likelihood of closing price manipulation, it is a dummy variable and takes the value 
of one on days when manipulation is suspected to occur (e.g., CBBC expiration days or sniping days). When it is used to measure the 
intensity of closing price manipulation, manipulatei,t is a continuous variable and equals to the stock return calculated during the final 
minutes before the close on the suspected manipulation day. CALLt is a binary variable equal to one during the period when closing 
price is determined by a call auction mechanism (i.e., StandardCALL or RevampCALL), and zero otherwise; and FE are dummy var-
iables for fixed effects. The estimate β2 measures the baseline effect of closing price manipulation, while the estimate β1 measures the 
incremental effect of closing price manipulation under a closing call auction mechanism, relative to under the median pricing 
procedure. 

5. Empirical analysis 

5.1. CBBC expiration 

We use CBBCs to study a motive of closing price manipulation. We emphasize that this is not the only possible motive for 
manipulation, but it is the only derivative product in the HKEx that uses the closing price of the underlying equity on the expiration day 
to determine the settlement price.14 

CBBCs are structural products that track the performance of the underlying asset. They are issued as either “bull” or “bear” con-
tracts, allowing investors to take bullish or bearish positions on the underlying asset. CBBCs are knock-out barrier options with four 
main features: an underlying asset, a maturity date, a call price, and a strike price. CBBCs will be immediately expired and called back 
by the issuer when the price of the underlying asset reaches a pre-specified level (i.e., call price) before the maturity date. This callback 
event is known as a mandatory call event (MCE). 

The payoff of a CBBC is determined by the settlement price less the strike price if this amount is positive, and zero otherwise. If a 
MCE event occurs, the settlement price of a bull (bear) contract is the minimum (maximum) price of the underlying asset from the 
expiration time to the next trading period. However, CBBC issuers have a unique definition of trading periods that have only two 
periods each day. The pre-opening session and the morning session are considered as one trading period, while the afternoon session 
and closing auction session as another trading period. This implies that, on the CBBC expiration day, the closing price of the underlying 
asset can be used to determine the settlement price of CBBCs when a MCE has occurred.15 If no MCE event has occurred, the settlement 
price of CBBCs is the closing price of the underlying asset on the maturity date.16 

In theory, the incentive of manipulation should be symmetric between CBBC issuers and CBBC buyers because CBBCs are 
considered zero-sum games. In practice, the incentive of manipulation is asymmetric and deemed to be stronger for CBBC issuers 
because the issuer market is concentrated, whereas the buyer market is diffuse. In terms of the dollar amount, the top three CBBC 
writers issued an aggregate of 75.5% of all CBBCs in Hong Kong from June 12, 2006 to May 31, 2009. In contrast, many CBBC buyers 
were small retail investors. Consistent with this claim, Li et al. (2018) find that the gross profits of CBBC issuers were substantial at 
approximately HK$12.93 billion (US$1.67 billion) for trading CBBCs on the Hang Seng Index from 2009 to 2014. 

To reduce the payoff to CBBC buyers, CBBC issuers may depress the closing price of the underlying equity on the expiration day of a 
bull contract, and inflate it on the expiration day of a bear contract. Therefore, we expect that the likelihood of observing a day-low 
(day-high) at the close to be particularly high on the expiration day of a bull (bear) contract under the standard call auction mech-
anism. Equation (1) is a probit regression model with firm fixed effects. Our dependent variable is a dummy variable to capture 
whether closing price of the underlying equity is the lowest or highest of the day: day − low is a dummy variable equal to one if the 
closing price of the underlying stock is the lowest transacted price of the day, and day − high is defined analogously. 

We create a binary variable for bull contracts and another one for bear contracts because the incentive to inflate or deflate the 
closing price of the underlying stock varies with the bullish or bearish position of the expiring derivative contracts. ExpireBull is a 
binary variable equal to one for the underlying stock on the day when a bull contract expires, and ExpireBear is defined analogously. In 
equation (1), we use a dummy variable CALLt, which takes the value of one when the closing price is determined by a call auction 
mechanism. We interact this variable with ExpireBull (ExpireBear) to capture the incremental likelihood of closing price manipulation 
on the expiration day of a bull (bear) contract under a call auction mechanism, relative to under the median pricing procedure. 

Table 1 presents the probit regression estimates on the likelihood of day-high or day-low at the close under the standard call auction 
mechanism. Column (1) reports the estimates from equation (1) during the first sample period when the standard call auction 
mechanism was used, and column (2) reports those during the second sample period when the revamped call auction mechanism was 

14 For derivative warrants, the settlement price of the underlying equity is the simple average closing price computed over a five-day period prior 
to the expiration day.  
15 For example, if a bull contract is knocked out in the pre-opening session or morning session in day t, the settlement price will be determined by 

the minimum price that day, including all traded prices in the afternoon session and the closing price of that day. If the bull contract is knocked out 
in the afternoon session or closing auction session in day t, the settlement price will be determined by the minimum price from the time when the 
contract is knocked out in day t to all traded prices in the pre-opening session and morning session in the following day. Thus, the closing price of the 
underlying equity is one of the many possible prices used to consider if it is the settlement price of a bull/bear contract.  
16 If the underlying asset is a stock index rather than a stock, the settlement price is the simple average of 5-minute quotes and the closing index on 

the expiration day. 
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used. The marginal effects for day-low (day-high) at the close are reported in Panel A (Panel B). 
We find that the probability of observing a day-low or day-high at the close is significantly higher under the standard call auction 

mechanism than under the median pricing procedure. The estimate of β1 in column (1) of Panel A is 0.05 and significantly different 
from zero. This implies that the probability of observing a day-low at the close on the day when a bull contract expires is 5 percentage 
point higher under the standard call auction mechanism than under the median pricing procedure. Similarly, the estimate of β1 in 
column (1) of Panel B implies that the probability of observing a day-high at the close on the day when a bear contract expires is 3.1 
percentage points higher under the standard call auction mechanism than under the median pricing procedure. In contrast, we find 
that the probability of observing a day-low or day-high at the close is similar between the revamped call auction mechanism and the 
median pricing procedure. None of the estimates of β1 in column (2) of Panels A and B are significantly different from zero. This implies 
that on CBBC expiration days, the revamped call auction mechanism is more effective in deterring closing price manipulation than the 
standard call auction mechanism. 

Our results also indicate that under the standard call auction mechanism, the intensity of the closing price manipulation is strong 
(weak) on expiration days of bull (bear) contracts. This asymmetry is consistent with the significant decline in stock prices during the 
StandardCALL period because many bull contracts were knocked out, providing incentive for CBBC issuers to depress the closing price 
on such expiration days.17 

5.2. Sniping 

We argue that manipulative sniping can be implemented under the standard call auction mechanism for two reasons. First, sniping 
is achievable under a fixed closing time because manipulators can surprise the market by submitting exceedingly large orders shortly 
before the market close to create short-term order imbalances, leaving no time for the market to react (Allen and Gale, 1992; Putniņš, 
2012). Second, a nonbinding price limit raises the profitability from derivative positions because the closing price can deviate 
significantly from the fundamental value. Therefore, we expect sniping events to occur more frequently under the standard call auction 
mechanism than under other closing procedures. 

We define sniping by either a large change in price or a large surge in orders just before the market close. The former measure is 
defined as sniping in price and the latter as sniping in trade volume. Prior studies show that these measures are relevant attributes to 
identify the manipulator’s intent (Comerton-Forde and Rydge, 2006; Comerton-Forde and Putninš, 2011).18 We construct the sniping 
variables as follows: snipe(x) is a binary variable that takes the value of one if (i) the absolute change in x for a stock during the “sniping 
measurement window” is strictly greater than the absolute change in x for the stock in all “benchmark intervals” and (ii) the absolute 
change in price in the final 5-second interval is larger than the 90th percentile of the absolute change in price during the same 5-second 
interval in each period, where x is either p (price) or v (trade volume).19 

We use the time when the closing price is set to define our sniping measurement window. The sniping measurement window is the 
5-second interval before the market close during the StandardCALL or RevampCALL period. It is fixed between 4:09:55 p.m. and 
4:10:00 p.m. during the StandardCALL period, but varies daily between 4:08 p.m. and 4:10 p.m. during the RevampCALL period. For 
example, during the RevampCALL period, if the market closes at 4:08:35 p.m., the sniping measurement window will be 4:08:30 p.m. 
to 4:08:35 p.m. During the NonCALL period, it is the 5-second interval prior to the snapshot nominal price being taken as the closing 
price. For example, if the median snapshot price occurs at 3:59:15 p.m., the sniping measurement window will be 3:59:10 p.m. to 
3:59:15 p.m. 

To successfully influence the closing price under the median pricing procedure, manipulators have to influence the median 
snapshot price. To do so, they must manipulate at least three of the five snapshot nominal prices. Therefore, prices taken at these five 
snapshots might be manipulated and thus unsuitable as benchmark prices. Consequently, under the median pricing procedure, we 
choose four benchmark intervals in the final minute before the close as follows: (i) 3:59:05 p.m. to 3:59:10 p.m., (ii) 3:59:20 p.m. to 
3:59:25 p.m., (iii) 3:59:35 p.m. to 3:59:40 p.m., and (iv) 3:59:50 p.m. to 3:59:55 p.m. Similarly, four comparable benchmark intervals 
are created during the closing minute under a call auction mechanism.20 During the StandardCALL or RevampCALL period, we 
measure price and trade volume by indicative closing price and indicative trade volume, respectively. During the NonCALL period, we 
use actual transaction price and actual transaction volume, respectively. 

Table 2 reports the mean likelihood of sniping under the standard call auction mechanism. We present the mean likelihood of 
sniping under a call auction mechanism in column (1) and that under the median pricing procedure in column (2). Column (3) presents 
the differences in the mean likelihood of sniping between the two closing mechanisms. The first row of each panel reports the estimates 

17 Consistent with this claim, we find that 61.5% of the expired CBBCs are bull contracts during the StandardCALL period in 2008–2009, compared 
to only 47.6% during the NonCALL period in 2009–2010.  
18 Although a large increase in the bid-ask spread is another relevant attribute for closing price manipulation, we omit this attribute in our study 

because data on bid-ask spreads are unavailable in call auction mechanisms.  
19 We are grateful to an anonymous referee’s suggestion to impose a threshold requirement (i.e., the second condition) on our sniping variables. 

The threshold requirement ensures the intensity of sniping is meaningfully large to ensure our results are not mechanically confounded by the bid- 
ask bounce (Roll, 1984). The average threshold of our sample is 0.17%, which is slightly larger than the minimum price variation of our sample 
stocks, i.e., 0.14% (= $0.05/$36). Our main results are robust and qualitatively similar even if we lower or remove this requirement.  
20 Under the standard call auction mechanism, the four benchmark intervals are fixed as follows: (i) 4:09:05 p.m. to 4:09:10 p.m., (ii) 4:09:20 p.m. 

to 4:09:25 p.m., (iii) 4:09:35 p.m. to 4:09:40 p.m., and (iv) 4:09:50 p.m. to 4:09:55 p.m. 
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for sniping in price, while those for sniping in trade volume are reported in the second row of each panel. Panel A reports the estimates 
during the first sample period when the standard call auction mechanism was used, and Panel B reports those during the second sample 
period when the revamped call auction mechanism was used. 

The results in row 1 (row 2) of Panel A indicate that the mean likelihood of sniping in price (trade volume) rises by 1.6% (12.6%) 
under the standard call auction mechanism than that under the median pricing procedure. In contrast, the results in Panel B show that 
the mean likelihood of sniping in price (trade volume) falls by 2.8% (28%) under the revamped call auction mechanism than under the 
median pricing procedure. These results indicate that manipulation-deterrence features in call auctions are effective to reduce sniping. 
Specifically, the mean likelihood of sniping in price is only 0.7% under the revamped closing auction mechanism, compared to 7.4% 
under the standard call auction mechanism. Overall, our results indicate that sniping is significantly more likely to occur under the 
standard call auction mechanism, relative to other closing mechanisms.21 

5.3. Overnight price reversal 

As closing price manipulation creates short-term order imbalance at the close and pushes the closing price away from the 
fundamental value, the distorted closing price should revert toward the fundamental value when new orders arrive at the market open 

Table 1 
Day-low and day-high at the close on CBBC expiration days. This table shows probit regression estimates of the 
likelihood of observing a day-low or day-high at the close on CBBC expiration days in a closing call auction 
mechanism with firm fixed effects. The dependent variable day − low (Panel A) is a dummy variable equal to one if 
the closing price is the lowest transacted price of the day for the stock, and day − high (Panel B) is analogously 
defined for the highest transacted price of the day. ExpireBull (Panel A) is a binary variable equal to one for the 
underlying stock on the expiration day of a bull contract and ExpireBear (Panel B) is analogously defined for a bear 
contract. CALL is a binary variable equal to one during the period when closing price is determined by a call auction 
mechanism, i.e., StandardCALL or RevampCALL, and zero otherwise. Robust standard errors clustered at the firm- 
period level are reported in parentheses. Statistical significance is marked at the 1% (***), 5% (**) and 10% (*) 
levels. Estimates presented in the table are marginal effects.  

Panel A: Day-low at the close on expiration days of bull contracts  

(1) (2) 

Standard Call Auction Revamped Call Auction 

ExpireBull× CALL  0.050*** 
(0.019) 

− 0.028 
(0.019) 

ExpireBull  − 0.019 
(0.016) 

0.022 
(0.018) 

CALL  0.045*** 
(0.003) 

0.051*** 
(0.003) 

Firm fixed-effect Yes Yes 
N 14,766 13,243 
Pseudo R2 0.0477 0.0771 
Log Likelihood − 2776 − 2000  

Panel B: Day-high at the close on expiration days of bear contracts  

(1) (2) 

Standard Call Auction Revamped Call Auction 

ExpireBear× CALL  0.031** 
(0.014) 

0.008 
(0.042) 

ExpireBear  0.011 
(0.011) 

− 0.013 
(0.037) 

CALL   0.032*** 
(0.003) 

0.064*** 
(0.004) 

Firm fixed-effect Yes Yes 
N 14,766 13,243 
Pseudo R2 0.0337 0.0840 
Log Likelihood − 3066 − 2562  

21 Our results remain qualitatively identical if we lower or remove the threshold requirement on the minimum price change during the final 5- 
second interval before the close for our sniping variables. However, removing this threshold requirement increases the mean likelihood of snip-
ing during the NonCALL period relative to that during the StandardCALL period in the first sample period. During our interview with HKEx officials, 
we were informed that the increase in sniping is non-manipulative under the median pricing procedure because many institutional investors (e.g., 
passively-managed mutual funds) are obligated to fill their customer orders at the closing price to reduce tracking errors. Therefore, they may 
submit orders shortly before the five snapshot times, hoping that the average transacted price is close to the actual closing price. Our results on 
overnight price reversal (reported in the next section) are consistent with this claim. 
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on the following day (Chordia et al., 2002). Therefore, we expect overnight price reversal should be more pronounced on days when 
closing price manipulation occurs. Therefore, we expect that overnight price reversal to be more pronounced on CBBC expiration days 
and on sniping days. On the other hand, closing price may reflect the fundamental value if sniping or CBBC expiration is motivated by 
private information. Therefore, overnight price reversal should not occur on such days. To disentangle these possibilities, we use 
equation (1) to estimate the extent of overnight price reversal on suspected manipulation days under the standard call auction 
mechanism. 

Specifically, our dependent variable is close-to-open return to proxy for overnight price reversal. The close-to-open return is 
defined as (Po,t+1 − Pc,t)/Pc,t, where Pc,t is the closing price on the day and Po,t+1 is the opening price of the following day (Pagano and 
Schwartz, 2003). The extent of overnight price reversal should increase with the intensity of closing price manipulation because the 
closing price is more distorted from the fundamental value. Thus, we measure the intensity of closing price manipulation by the stock 
return measured over the 10-minute interval before the close on suspected manipulation days as follows: ExpireCbbc × r10m for the 
intensity of closing price manipulation on the CBBC expiration day; and snipe(p) × r10m (snipe(v)× r10m) for the intensity of closing 
price manipulation on the day when sniping in price (trade volume) occurs. ExpireCbbc is a binary variable equal to one for the un-
derlying stock on the CBBC expiration day; and r10m is the stock return measured during the closing auction session in either the 
StandardCALL or RevampCALL period, or the final 10-minute interval before the market close during the NonCALL period. 

Our stock return proxies capture the intensity of closing price manipulation, which is in line with the literature. Extant studies 
indicate that a large change in price before the close is a key attribute of closing price manipulation. For example, Cushing and 
Madhavan (2000) find that the last 5-minute of trading account for a large fraction of daily return variability and others find that an 
unexpectedly large price change before the close is a key indicator in prosecuted cases of closing price manipulation (Comerton-Forde 
and Rydge, 2006; Comerton-Forde and Putninš, 2011, 2014). As the volatility of daily stock returns is high during the first sample 
period from 2008 to 2010, we also include day fixed effects to capture across-day variation in overnight price reversal due to dif-
ferences in the arrival of overnight information. 

Table 3 presents the estimates on the effect of CBBC expiration on overnight price reversal under the standard call auction 
mechanism (column (1)) and under the revamped call auction mechanism (column (2)). We find that the effect of CBBC expiration on 
overnight price reversal is significantly more pronounced under the standard call auction mechanism than under the median pricing 

Table 2 
Mean likelihood of sniping across closing mechanisms. This table presents the mean likelihood of sniping between a closing call 
auction and the median pricing procedure in the two sample periods with Panel A reporting figures from May 22, 2008 to January 22, 2010 
and Panel B from May 25, 2015 to April 27, 2017. CALL is the period when closing price is determined by a call auction mechanism (i.e., 
StandardCALL or RevampCALL), while NonCALL is the period when closing price is determined by the median pricing procedure. The 
binary variable snipe(p) takes the value of one if the absolute change in price for a stock during the “sniping measurement window” is 
strictly greater than the absolute change in price for the stock in four “benchmark intervals” in the final minute before the market close, 
and the absolute change in price in the final 5-second interval is larger than the 90th percentile of the absolute change in the same 5-second 
interval in each period. We use the time when the closing price is set to define our “sniping measurement window.” It is the 5-second 
interval before the market close during the StandardCALL or RevampCALL period. The “sniping measurement window” is fixed be-
tween 4:09:55 p.m.–4:10:00 p.m. during the StandardCALL period but varies daily between 4:08 p.m.–4:10 p.m. during the RevampCALL 
period. During the NonCALL period, it is the 5-second interval prior to the snapshot nominal price being taken as the closing price. For 
example, if the median snapshot price occurs at 3:59:15 p.m., the “sniping measurement window” will be 3:59:10 p.m.–3:59:15 p.m. In the 
NonCALL period, the four benchmark intervals are (i) 3:59:05 p.m.− 3:59:10 p.m., (ii) 3:59:20 p.m.–3:59:25 p.m., (iii) 3:59:35–3:59:40 p. 
m., and (iv) 3:59:50 p.m.–3:59:55 p.m. In the CALL period, four comparable benchmark intervals are constructed in the final minute before 
the market close. We use the beginning and ending values of transaction price of the underlying stock to compute the 5-second absolute 
change in price of each interval. We measure price and trade volume by indicative closing price and indicative trade volume, respectively 
in the CALL period, but transaction price and trade volume, respectively in the NonCALL period. snipe(v) is defined analogously. The 
corresponding standard errors are reported in parentheses. Statistical significance is marked at the 1% (***), 5% (**) and 10% (*) levels.  

Dependent Variable: Sniping 

Panel A: Standard call auction mechanism  

(1) (2) (3) 

CALL NonCALL Difference between mechanisms 

snipe(p) 0.074*** 
(0.006) 

0.058*** 
(0.006) 

0.016* 
(0.009) 

snipe(v) 0.197*** 
(0.012) 

0.071*** 
(0.004) 

0.126*** 
(0.013)  

Panel B: Revamped call auction mechanism  

(1) (2) (3) 

CALL NonCALL Difference between mechanisms 

snipe(p) 0.007*** 
(0.001) 

0.033*** 
(0.005) 

− 0.026*** 
(0.005) 

snipe(v) 0.033*** 
(0.004) 

0.313*** 
(0.013) 

− 0.280*** 
(0.014)  
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procedure. The estimate for β1 in column (1) is − 0.390, which is economically and statistically significant. The estimate, evaluated at 
the mean of |r10m| on the CBBC expiration days, implies that stock price reverts by on average 0.32% following the CBBC expiration day 
under the standard call auction mechanism relative to that under the median pricing procedure.22 However, the estimate of β1 in 
column (2) is close to zero and not statistically significant. This implies that there is no overnight price reversal following CBBC 
expiration days under the revamped call auction mechanism, relative to under the median pricing procedure. 

Panel A (Panel B) of Table 4 presents the estimates on the effect of sniping on overnight price reversal under the standard call 
auction mechanism, (revamped call auction mechanism). The results for sniping in price are reported in column (1), while those for 
sniping in trade volume are reported in column (2). We find that overnight price reversal is more pronounced on sniping days under the 
standard call auction mechanism than under the median pricing procedure. The estimate of β1 in column (1) of Panel A is − 0.406, 
which is negative, large, and statistically significant. The estimate, evaluated at the mean of |r10m| on the sniping days, implies that the 
stock price reverts by 0.31% on average on the following open on days when sniping in price occurs under the standard call auction 
mechanism, compared with no price reversion under the median pricing procedure.23 In contrast, the estimate for β1 in column (1) of 
Panel B is 0.550, which is positive, sizable but statistically not significant. This implies that stock price shows momentum on the 
following day opening when sniping in price occurs under the revamped call auction mechanism, relative to that under the median 
pricing procedure. 

Our inference on the sniping effect on overnight price reversal is qualitatively and quantitatively similar if we measure sniping 
based on trade volume (column (2)). Overall, we find that overnight price reversal subsequent to sniping is meaningfully large under 
the standard call auction mechanism, relative to under other closing mechanisms. 

5.4. Closing price informativeness 

We also examine closing price informativeness under the standard call auction mechanism. Price changes are due to either the 
arrival of new information that induces a change in the fundamental value of the asset or trading frictions that induce noises to the 
observed stock price (Stoll, 2000). Closing price manipulation is a source of trading frictions and increases the volatility of 
close-to-close return. To correctly measure the incremental volatility due to closing price manipulation, we use the volatility of 
open-to-open return as a control to exclude price changes due to the arrival of new information. Any new information reflected in the 
close-to-close return should be equally reflected in the open-to-open return. The open-to-open return is a fair benchmark because the 
HKEx’s opening procedure remains unchanged throughout the sample period. 

We follow previous studies to compute these returns and a variance ratio between open-to-open return and close-to-close return 
(French and Roll, 1986; Amihud and Mendelson, 1987). The open-to-open return is calculated as Ro = (Po,t+1 − Po,t)/ Po,t , where Po,t is 
the opening price on the day and Po,t+1 is the opening price of the following day for the same stock, and the close-to-close return (Rc) is 
measured analogously. The variance ratio is computed as σ

2(O)

σ2(C), where σ2(O) is the variance of the open-to-open return for a stock during 

the period, and σ2(C) is computed analogously. 
As indicated in the previous sections, our manipulation days include CBBC expiration days and sniping days. Therefore, we first 

split our sample in two: a manipulation sample and a non-manipulation sample. As closing price manipulation introduces trading 
frictions and increases the volatility of close-to-close return, the variance ratio should be small in a period when closing price 
manipulation is rampant. Thus, we expect the variance ratio to be significantly smaller on manipulation days than on non- 
manipulation days under the standard call auction mechanism, relative to under the median pricing procedure. 

In Table 5, we report the mean variance ratio on manipulation days in columns (1)− (3), non-manipulation days in columns (4)−
(6), and the difference-in-differences estimates in column (7). We also present the mean variance ratios under a call auction mechanism 
in columns (1) and (4); those under the median pricing procedure in columns (2) and (5); and their differences by manipulation days in 
column (3) and by non-manipulation days in column (6). Panel A reports the estimates during the first sample period from 2008 to 
2010 when the standard call auction mechanism was used, while Panel B reports those during the second sample period from 2015 to 
2017 when the revamped call auction mechanism was used. 

As expected, our results indicate that trading frictions are greater at the opening than at the closing. All the mean variance ratios are 
greater than one and comparable to those in previous studies (Amihud and Mendelson, 1987; Stoll and Whaley, 1990; Cheung et al., 
1994; Gerety and Mulherin, 1994). We also find that on non-manipulation days, closing price is significantly more informative under 
the standard call auction mechanism than under the median pricing procedure. The estimates in column (6) of Panel A show that on 
non-manipulation days, the variance ratio is significantly larger under the standard call auction mechanism than under the median 
pricing procedure. This implies that on non-manipulation days, investors who trade at the close are exposed to a smaller volatility 
under the standard closing auction mechanism than under the median pricing procedure. 

In contrast, on manipulation days, the closing price appears to be less informative under the standard call auction mechanism than 

22 The CBBC expiration effect on overnight price reversal under the standard call auction mechanism is computed as follows: (β1 + β2) × mean of | 
r10m|, where |r10m| is the absolute final 10-minute return before the market close on CBBC expiration days during the StandardCALL period. 
Numerically, the CBBC expiration effect is 0.32% = (− 0.390 + − 0.133) × 0.617%.  
23 The sniping effect on overnight price reversal under the standard closing auction mechanism is computed as follows: (β1 + β2)× mean  of |r10m|, 

where |r10m| is the absolute final 10-min return before the market close on sniping days during the StandardCALL period. Numerically, the sniping 
effect is 0.31% = (− 0.406 − 0.007) × 0.7458%. 
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Table 3 
Overnight price reversal on CBBC expiration days. This table reports the effect of CBBC expiration on overnight price 
reversal under the standard call auction mechanism. The dependent variable is the close-to-open return, which is the 
simple percentage stock return between the closing price of the day and the opening price of the following day. ExpireCbbc 
is a binary variable equal to one for the underlying stock on the CBBC expiration day, and r10m is the stock return measured 
during the closing auction session under a closing call auction mechanism, or the final 10-minute interval before the 
market close under the median pricing procedure, CALL is a binary variable equal to one during the period when closing 
price is determined by a call auction mechanism (i.e., StandardCALL or RevampCALL) and zero otherwise. Robust standard 
errors clustered at the firm-period level are reported in parentheses. Statistical significance is marked at the 1% (***), 5% 
(**) and 10% (*) levels.  

Dependent Variable: Close-to-open Return  

(1) (2) 

Standard Call Auction Revamped Call Auction 

ExpireCbbc× r10m × CALL  − 0.390** 
(0.158) 

− 0.003 
(0.295) 

ExpireCbbc× r10m  − 0.133 
(0.111) 

− 0.400* 
(0.238) 

Constant 0.047** 
(0.020) 

0.073*** 
(0.012) 

Day fixed-effects Yes Yes 
N 14,766 13,242 
R2 0.004 0.001  

Table 4 
Overnight price reversal on sniping days. This table presents the effect of sniping on overnight 
price reversal between a closing call auction and the median pricing procedure in the two sample 
periods with Panel A reporting figures from May 22, 2008 to January 22, 2010 when the standard 
call auction mechanism was introduced; and Panel B those from May 25, 2015 to April 27, 2017 
when the revamped call auction mechanism was introduced. The dependent variable is the close- 
to-open return, which is the simple percentage stock return between the closing price of the day 
and the opening price of the following day. The binary variable snipe(p) is sniping in price and the 
binary variable snipe(v) is sniping in trade volume. The construction of these variables is explained 
in the notes to Table 2. r10m is the stock return measured during the closing auction session under a 
closing call auction mechanism, or the final 10-minute interval before the market close under the 
median pricing procedure, CALL is a binary variable equal to one during the period when closing 
price is determined by a call auction mechanism (i.e., StandardCALL or RevampCALL) and zero 
otherwise. The corresponding robust standard errors clustered at the firm-period level are reported 
in parentheses. Statistical significance is marked at the 1% (***), 5% (**) and 10% (*) levels.  

Panel A: Standard call auction mechanism  

(1) (2) 

snipe(p) snipe(v)

snipe(x)× r10m × CALL  − 0.406*** 
(0.142) 

− 0.355*** 
(0.102) 

snipe(x)× r10m  − 0.007 
(0.075) 

− 0.162*** 
(0.053) 

Constant 0.046** 
(0.020) 

0.048** 
(0.020) 

Day fixed-effects Yes Yes 
N 14,766 14,766 
R2 0.004 0.01  

Panel B: Revamped call auction mechanism  

(1) (2) 

snipe(p) snipe(v)

snipe(x)× r10m × CALL  0.550 
(0.521) 

0.080 
(0.207) 

snipe(x)× r10m  − 0.149 
(0.115) 

− 0.192*** 
(0.060) 

Constant 0.073*** 
(0.012) 

0.074*** 
(0.012) 

Day fixed-effects Yes Yes 
N 13,242 13,242 
R2 0.001 0.001  
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under the median pricing procedure. The estimates in column (3) of the first two rows of Panel A are negative but not significant 
statistically. Specifically, the estimate in column (3) of the first row of Panel A is − 0.811 and implies that on CBBC expiration days, the 
variance ratio is reduced by 31% under the standard call auction mechanism.24 The reduction is meaningfully large but not significant 
statistically due to the large standard error of the estimate. Similarly, the difference-in-differences estimates in column (7) of Panel A 
are consistently negative but not significant statistically. Again, these estimates imply a meaningfully large reduction in the variance 
ratio and suggest that on manipulation days, closing prices are less informative under the standard call auction mechanism than under 
the median pricing procedure. 

Alternatively, when we compare the median pricing procedure with the revamped call auction mechanism, we find the revamped 
call auction to be more informative on manipulation days. The estimates in column (3) of the first and third rows of Panel B indicate 
that on manipulation days, the variance ratio is larger under the revamped call auction mechanism than under the median pricing 
procedure. This implies that on manipulation days, investors who trade at the close are exposed to a smaller volatility under the 
revamped closing auction mechanism than under the median pricing procedure. However, on non-manipulation days, the closing price 
appears to be equally informative between the two mechanisms. The difference-in-differences estimates in column (7) of the first and 
third rows of Panel B indicate that closing price is significantly more informative under the revamped closing auction mechanism than 
under the median pricing procedure. However, the difference-in-differences estimate for the sniping in price in column (7) of the 
second row in Panel B is not significant statistically. This is because sniping in price rarely occurred under the revamped call auction 
mechanism, resulting in a huge standard error of this estimate. Overall, our results in Table 5 are fairly consistent with our findings in 
the previous sections in that the standard call auction mechanism is vulnerable to manipulation on days when the incentive to 
manipulate is strong. 

5.5. Overnight price reversal on MSCI rebalancing days 

The incentive of closing price manipulation can also be strong on days when closing price is used to determine index prices. 
Comerton-Forde et al. (2007a) find that suspected closing price manipulations occurred in the Singapore Exchange on days when the 
MSCI rebalanced its indexes before the Singapore Exchange adopted the closing call auction mechanism. To examine the extent and 
impact of closing price manipulation on MSCI index rebalancing days under different closing mechanisms in the HKEx, we first expand 
our sample to include all stocks listed on the main board of the HKEx. This expansion is necessary because the expanded sample also 
includes small- and mid-cap stocks, which constitute nearly all the stocks that are added to or deleted from major MSCI indices.25 

Second, we report stocks that experienced large price changes in the last 10-minute before the close on days when the MSCI imple-
mented its semi-annual index rebalancing. We define large price changes as stocks with a 5% or more return in the last 10-minute (by 
absolute value) on MSCI index rebalancing days.26 In a call auction mechanism, this return is measured by the simple percentage 
return between the last transacted price at 4:00 p.m. and the closing price on that day. In the median pricing procedure, it is measured 
by the simple percentage return between the last transacted price at 3:50 p.m. and the closing price on that day. 

Table 6 presents the overnight price reversals for stocks that experienced large price changes in the last 10-minute before the close 
on MSCI index rebalancing days under three different closing mechanisms: (i) the standard call auction mechanism on May 30, 2008 in 
Panel A and November 25, 2008 in Panel B; (ii) the median pricing procedure on May 29, 2009 in Panel C and November 30, 2009 in 
Panel D; (iii) the revamped call auction mechanism on November 30, 2016 in Panel E; and (iv) the median pricing procedure on 
November 30, 2015 in Panel F. Overnight price reversal is the close-to-open return, which is measured by the simple percentage return 
between the closing price on the MSCI index rebalancing day and the opening price on the following day. 

The results in Panels A and B indicate that 34 stocks experienced a price change of 5% or more during the last 10-minute before the 
close on the MSCI index rebalancing days under the standard call auction mechanism. In addition, the mean last 10-minute return 
(R10m) by absolute value for the 34 stocks is 9.2%, which is large and has economic significance. Overnight price reversals occurred in 
32 out of the 34 stocks. In addition, many price reversals were meaningfully large. In contrast, the results in Panels C and D indicate 
that only four stocks experienced a price change of 5% during the last 10-minute before the close on the MSCI index rebalancing days 
under the median pricing procedure. Only two of them experienced price reversals on the next day. Our findings strongly suggest that, 
under the standard call auction mechanism, there were volatile fluctuations in closing prices and some closing prices were likely 
manipulated on the MSCI index rebalancing days.27 

24 On CBBC expiration days, the reduction in the variance ratio between the standard call auction mechanism and the median pricing procedure is 
computed as follows: 1–1.529/2.221 = 31.16%.  
25 We also exclude stocks with prices less than $1 from the expanded sample to ensure our results are not mechanically driven by the bid-ask 

bounce effect (Roll, 1984). The bid-ask spread for penny stocks can be quite large, implying that a round-trip transaction at the bid and ask 
quotes can produce a large price reversal even if this reversal is not motivated by closing price manipulation.  
26 Our results are qualitatively similar even if large price changes are set at the 2% or 10% level by absolute value.  
27 Barclay et al. (2008) find that the closing auction mechanism produces efficient prices because it can absorb extreme liquidity shocks (e.g., triple 

switching days). In contrast, our findings imply that the standard call auction mechanism can produce inefficient prices, particularly during times of 
high liquidity demand. On the MSCI index rebalancing day of May 30, 2008, the price fluctuation during the 10-min closing auction session was 
exceptionally volatile: Eight stocks experienced a price discrepancy of over 10% and 14 stocks experienced a price discrepancy of 5%–10%, relative 
to their last traded prices at 4:00 p.m. All of them were affected by the MSCI index rebalancing activity (addition, deletion or major re-weighting) on 
that day. 
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In contrast, the results in Panel E indicate that, under the revamped call auction mechanism, only three stocks experienced a large 
price change in the last 10-minute before the close, compared to 14 stocks under the median pricing procedure reported in Panel F. 
Furthermore, the ensuing price reversals under the revamped call auction mechanism were also smaller than those under the standard 
call auction mechanism reported in Panels A and B. Overall, our results indicate that the standard call auction mechanism is more 
vulnerable to closing price manipulation than the other two closing mechanisms. 

6. Conclusion 

This paper examines the effect of call auction design on closing price manipulation. During the 10-month period in 2008–2009 
when the HKEx introduced a standard call auction mechanism to determine the closing price, we find that there are large overnight 
price reversals on suspected manipulation days. However, we find no such reversals on suspected manipulation days under the 
revamped call auction mechanism. Our findings highlight the importance of call auction design and have policy implications given that 
call auctions are widely used to determine opening and closing prices in major stock markets. The lesson we take from the HKEx 
experience is that call auctions per se do not necessarily reduce manipulation and seemingly minor details in call auction design can 
meaningfully affect the call auction’s ability to reduce manipulation. The HKEx experience in 2008–2009 is exceptional in that it was 
the only major stock exchange in the world that adopted a closing auction procedure without any precautions against price manip-
ulation. All major stock markets around the world have specific refinements in auction design to deter manipulation. 

We present some of these refinements in major stock exchanges in Appendix C. The first refinement is daily price limit, which 
allows a narrow daily price fluctuation to reduce profit from closing price manipulation. Most of the stock markets in Asia Pacific adopt 
this feature except for the Australian Securities Exchange (Comerton-Forde and Rydge, 2006). The second refinement is randomization 
of closing times, which is currently used by the Australian Securities Exchange, the London Stock Exchange, and the Deutsche Börse. 
This refinement reduces closing price manipulation because it is nearly impossible to determine the exact closing time. The third 
refinement is price stabilization mechanisms. One variant of this is the order-balancing mechanism that is currently used by the New 
York Stock Exchange and Nasdaq. Specifically, to stabilize closing price in the final minutes before the close, these markets accept only 
orders that are on the stabilizing side of the market. Another price-stabilizing mechanism is to trigger a volatility interruption when the 
closing price deviates significantly from a pre-specified price limit. 

Recent developments in call auction mechanisms around global stock exchanges point to the importance of call auction design. On 

Table 5 
Closing price informativeness on manipulation days. This table reports closing price informativeness on three types of suspected manipulation 
days: days when CBBCs expire in row 1, days when sniping in price occurs in row 2, and days when sniping in trade volume occurs in row 3. We use 
variance ratio to measure closing price informativeness which is calculated by the ratio of variance of open-to-open returns to variance of close-to- 
close returns (σ2(O)/σ2(C)). Columns (1)− (3) and columns (4)− (6) report these ratios on manipulation days and on non-manipulation days, 
respectively; and column (7) report the difference-in-differences estimates. We also report the mean variance ratios under a call auction mechanism in 
columns (1) and (4); those under the median pricing procedure in columns (2) and (5); and their differences by manipulation days in column (3) and 
by non-manipulation days in column (6). Panel A reports these ratios for the first sample period when the standard call auction mechanism and panel 
B report those for the second sample period when the revamped call auction mechanism was used. Robust standard errors clustered at the firm-period 
level are reported in parentheses and statistical significance is marked at the 1% (***), 5% (**) and 10% (*) levels.  

Panel A: Standard call auction mechanism  

Manipulation Days Non-manipulation Days  

(1) (2) (3) (4) (5) (6) (7) 

CALL NonCALL Difference (1)–(2) CALL NonCALL Difference (4)–(5) Diff-in-Diff (3)– 
(6) 

Variance Ratio (1) CBBC Expiration 1.529*** 2.221** − 0.811 1.345*** 1.105*** 0.241*** − 1.250 
σ2(O)/ σ2(C) (0.320) (0.854) (1.072) (0.033) (0.033) (0.051) (1.105)  

(2) Sniping in Price 1.646*** 1.980*** − 0.336 1.338*** 1.168*** 0.170*** − 0.503   
(0.270) (0.612) (0.154) (0.034) (0.036) (0.039) (0.615)  

(3) Sniping in Volume 1.272*** 1.262*** 0.009 1.360*** 1.180*** 0.180*** − 0.171   
(0.076) (0.138) (0.165) (0.035) (0.035) (0.047) (0.179)  

Panel B: Revamped call auction mechanism  

Manipulation Days Non-manipulation Days  

(1) (2) (3) (4) (5) (6) (7) 

CALL NonCALL Difference (1)–(2) CALL NonCALL Difference (4)–(5) Diff-in-Diff (3)– 
(6) 

Variance Ratio (1) CBBC Expiration 2.158*** 1.236*** 0.987** 1.032*** 1.083*** − 0.051 1.016** 
σ2(O)/ σ2(C) (0.386) (0.163) (0.338) (0.033) (0.032) (0.040) (0.354)  

(2) Sniping in Price 8.463* 2.221** 6.110 1.072*** 1.103*** − 0.031 6.101   
(4.037) (0.818) (4.485) (0.030) (0.030) (0.043) (4.530)  

(3) Sniping in Volume 4.019** 1.002* 3.022* 1.066*** 1.188*** − 0.123** 3.158**   
(1.504) (0.036) (1.514) (0.030) (0.047) (0.068) (1.522)  
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Table 6 
Overnight price reversal on MSCI index re-balancing days. This table reports overnight price reversals for HKEx-listed stocks with the last 10- 
minute return of 5% or more (by absolute value) on days when MSCI implemented its semi-annual index re-balancing activity. Panels A and B 
report overnight price reversals under the standard call auction mechanism on MSCI index rebalancing days of May 30, 2008 and November 25, 2008; 
Panels C and D report those under the median pricing procedure on MSCI index rebalancing days of May 29, 2009 and November 30, 2009; Panel E 
reports those under the revamped call auction mechanism on MSCI index rebalancing day of November 30, 2016; and Panel F report those under the 
median pricing procedure on MSCI index rebalancing day of November 30, 2015. The variable r10m is the simple stock return in the last 10-minute 
before the market close, i.e., last transacted price at 4:00 p.m. and the closing price of the day under the closing auction mechanism but last transacted 
price at 3:50 p.m. and the closing price of the day under the median pricing procedure; rco denotes the close-to-open return which is the simple 
percentage return between the closing price of the MSCI index rebalancing day and the opening price of the following day. Bold-faced indicates that a 
stock exhibits a price reversal on the following open following the MSCI index rebalancing activity.  

Panel A: MSCI index rebalancing on May 30, 2008 — standard call auction mechanism 

Stock Code Company Name r10m  rco  rco/ r10m  

1224 C C Land 24.92% ¡16.21% ¡0.65 
0276 Mongolia Energy 18.16% ¡8.93% ¡0.49 
1880 Belle Intl. 13.59% ¡9.20% ¡0.68 
0069 Shangri-La Asia 13.36% ¡15.59% ¡1.17 
1186 China Railway Construction 12.18% ¡9.29% ¡0.76 
2626 Hunan Nonferrous Metals ¡11.82% 7.28% ¡0.62 
1393 Hidili Industry Intl. Development 10.95% ¡8.55% ¡0.78 
3377 Sino-Ocean Land 10.32% ¡5.61% ¡0.54 
2689 Nine Dragons Paper 8.70% ¡5.88% ¡0.68 
0002 CLP Holdings 7.88% ¡6.38% ¡0.81 
2688 XinAo Gas Holdings ¡7.49% 6.67% ¡0.89 
0754 Hopson Development Holdings 6.67% ¡8.05% ¡1.21 
0903 TPV Technology ¡6.62% 7.08% ¡1.07 
3368 Parkson Retail Group 6.01% ¡4.03% ¡0.67 
3383 Agile Property Holdings 5.92% ¡3.92% ¡0.66 
1072 Dongfang Electric 5.88% ¡3.70% ¡0.63 
0032 Cross-Harbour (Holdings) ¡5.72% 9.26% ¡1.62 
0606 China Agri-Industries Holdings 5.67% ¡4.29% ¡0.76 
1114 Brilliance China Automotive Holdings ¡5.47% 5.79% ¡1.06 
0604 Shenzhen Investment ¡5.29% 3.11% ¡0.59 
0511 Television Broadcasts 5.29% ¡1.54% ¡0.29 
0806 Value Partners Group 5.26% ¡3.63% ¡0.69  

Panel B: MSCI index rebalancing on November 25, 2008 — standard call auction mechanism 

Stock Code Company Name r10m  rco  rco/ r10m  

0276 Mongolia Energy ¡29.12% 13.51% ¡0.46 
1068 China Yurun Food Group 12.99% ¡3.00% ¡0.23 
1000 Beijing Media ¡7.95% 4.55% ¡0.57 
0258 Tomson Group 7.62% ¡2.66% ¡0.35 
0020 Wheelock and Co. 7.44% ¡5.39% ¡0.72 
2689 Nine Dragons Paper ¡7.26% 2.61% ¡0.36 
0682 Chaoda Modern Agriculture 7.14% ¡4.90% ¡0.69 
0573 Tao Heung Holdings ¡6.45% 6.03% ¡0.94 
1193 China Resources Logic 5.91% ¡0.47% ¡0.08 
0242 Shun Tak Holdings ¡5.88% 5.47% ¡0.93 
0836 China Resources Power 5.75% 1.12% 0.19 
2314 Lee & Man Paper Manufacturing − 5.51% − 5.00% 0.91  

Panel C: MSCI index rebalancing on May 29, 2009 — median pricing procedure 

Stock Code Company Name r10m  rco  rco/ r10m  

0236 San Miguel Brewery Hong Kong 9.91% 3.28% 0.33 
1109 China Resources Land 7.91% ¡2.89% ¡0.37 
1882 Haitian International Holdings 5.42% 0.00% 0.00  

Panel D: MSCI index rebalancing on November 30, 2009 — median pricing procedure 

Stock Code Company Name r10m  rco  rco/ r10m  

1136 TCC International Holdings ¡7.14% 14.77% ¡2.07  

Panel E: MSCI index rebalancing on November 30, 2016 — revamped call auction mechanism 

Stock Code Company Name r10m  rco  rco/ r10m  

2768 Jiayuan International Group 5.63% ¡4.44% ¡0.79 
1199 COSCO Shipping Ports 5.46% ¡1.60% ¡0.29 
1269 China First Capital Group ¡5.00% 0.33% ¡0.07 
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September 26, 2011, the Singapore Exchange introduced randomization of closing times in closing call auctions to prevent manip-
ulation. Although these refinements in call auctions reduce manipulations, they do not eliminate them. As indicated by prosecuted 
cases worldwide, closing price manipulation persists in call auctions with manipulation-deterrence features. Therefore, further 
research is needed to understand the performance of call auctions under each or different combinations of these refinements. 

Data availability 

Data will be made available on request. 

Appendix A. Algorithm to compute indicative closing price and indicative trade volume under the standard call auction 
mechanism 

The indicative closing price (ICP) is the price at and between the highest limit bid and the lowest limit ask and obtained from a 
single-price call auction that yields the maximum number of shares transacted, i.e., the indicative trade volume (ITV). If there is a tie in 
the ICP, three tie-breaker rules apply. The first rule selects the price with the lowest order imbalance as the ICP. If this rule fails to break 
the tie, the second rule will apply and pick the price that is closest to the nominal price at 4 p.m. as the ICP. If the second rule also fails 
to break the tie, the third rule will apply and pick the highest price as the ICP. 

The following examples illustrate the algorithm to compute ICP, ITV, and cumulated buy and sell orders during the closing auction 
session under the standard call auction mechanism. Cumulated sell (buy) orders are the accumulated number of shares from sell (buy) 
orders with a specified price at or better than the indicative closing price. Let us assume that the best bid and offer at 4 p.m. are $37 and 
$38, respectively; the limit order book at 4:07:59 p.m. is presented in two benchmark cases in Table A.1 and Table B.1 as follows:  

Table A.1 
Benchmark case.  

4:07:59 p.m.  Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 2000 13,500 2000 11,500 
Market 1000 Market 2000 $38 3000 3500 3000 500 
$39 1000 $37 1000 $37 4000 3000 3000 1000 
$38 1000 $38 500     
$37 1000 $39 10,000 Cumulated orders ICP ITV      

Buy 3000 $38 3000      
Sell 3500      

Table A.1A 
Sniping on the sell-side: a large market sell-order of 18,000 arrives at 4:09:58 p.m.  

4:09:58 p.m.   Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 2000 31,500 2000 29,500 
Market 1000 Market 20,000 $38 3000 21,500 3000 18,500 
$39 1000 $37 1000 $37 4000 21,000 4000 17,000 
$38 1000 $38 500     

(continued on next page) 

Panel F: MSCI index rebalancing on November 30, 2015 — median pricing procedure 

Stock Code Company Name r10m  rco  rco/ r10m  

2686 AAG Energy Holdings − 12.50% − 0.71% 0.06 
0727 Crown International Corp. − 8.39% − 0.70% 0.08 
0377 Huajun Holdings − 8.33% − 1.01% 0.12 
6896 Golden Throat Holdings Group − 8.06% − 1.42% 0.18 
0378 CIAM Group − 7.98% 0.00% 0.00 
1321 China New City Comm. Dev. 7.93% 1.93% 0.24 
0222 Min Xin Holdings ¡7.40% 2.51% ¡0.34 
6826 Shanghai Haohai Biological Tech. ¡6.67% 0.88% ¡0.13 
1456 Guolian Securities ¡6.44% 1.08% ¡0.17 
6839 Yunnan Water Investment − 6.39% − 0.22% 0.03 
1165 Shunfeng Intl. Clean Energy 5.65% ¡1.24% ¡0.22 
6123 On Time Logistics Holdings 5.39% ¡4.38% ¡0.81 
0915 Daohe Global Group 5.17% 0.82% 0.16 
1682 Highlight China IoT Intl. ¡5.06% 9.33% ¡1.84  

S.G. Park et al.                                                                                                                                                                                                         



Journal of Financial Markets 58 (2022) 100700

16

Table A.1A (continued ) 

4:09:58 p.m.   Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

$37 1000 $39 10,000 Cumulated orders ICP ITV      
Buy 4000 $37 4000      
Sell 21,000      

Table A.1B 
Sniping on the buy-side: a large market buy-order of 18,000 arrives at 4:09:58 p.m.  

4:09:58 p.m.   Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 20,000 13,500 13,500 6500 
Market 19,000 Market 2000 $38 21,000 3500 3500 17,500 
$39 1000 $37 1000 $37 22,000 3000 3000 19,000 
$38 1000 $38 500     
$37 1000 $39 10,000 Cumulated orders ICP ITV      

Buy 20,000 $39 13,500      
Sell 13,500      

Table A.2 
Benchmark case with a small but aggressive limit sell-order at $33.  

4:07:59 p.m.  Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 2000 13,600 2000 11,600 
Market 1000 Market 2000 $38 3000 3600 3000 600 
$39 1000 $33 100 $37 4000 3100 3100 900 
$38 1000 $37 1000 $33 4000 2100 2100 1900 
$37 1000 $38 500       

$39 10,000 Cumulated orders ICP ITV      
Buy 4000 $37 3100      
Sell 3100      

Table A.2A 
Sniping on the sell-side: a large market sell-order of 18,000 arrives at 4:09:58 p.m.  

4:09:58 p.m.  Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 2000 31,600 2000 29,600 
Market 1000 Market 20,000 $38 3000 21,600 3000 18,600 
$39 1000 $33 100 $37 4000 21,100 4000 17,100 
$38 1000 $37 1000 $33 4000 20,100 4000 16,100 
$37 1000 $38 500       

$39 10,000 Cumulated orders ICP ITV      
Buy 4000 $33 4000      
Sell 20,100      

Table A.2B 
Sniping on the buy-side: a large market buy-order of 18,000 arrives at 4:09:58 p.m.  

4:09:58 p.m.   Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 20,000 13,600 13,600 6400 
Market 19,000 Market 2000 $38 21,000 3600 3600 17,500 
$39 1000 $33 100 $37 22,000 3100 3100 18,900 
$38 1000 $37 1000 $33 22,000 2100 2100 19,900 
$37 1000 $38 500       

$39 10,000 Cumulated orders ICP ITV      
Buy 20,000 $39 13,600      
Sell 13,600      
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Table A.2C 
Order cancellation: the limit sell-order at $33 is canceled prior to 4:08:00 p.m.  

4:08:00 p.m.  Price Acc. Buy Acc. Sell Matched Order Order Imbalance 

Bid (Buy Orders) Ask (Sell Orders) 

Price Quantity Price Quantity $39 2000 13,500 2000 11,500 
Market 1000 Market 2000 $38 3000 3500 3000 500 
$39 1000 $33 100 $37 4000 3000 3000 1000 
$38 1000 $37 1000      
$37 1000 $38 500       

$39 10,000 Cumulated orders ICP ITV      
Buy 3000 $38 3000      
Sell 3500     

Appendix B. List of stocks used in the study 

This table lists the 36 stocks used in this study. Price is the closing price, market cap is the market capitalization of the stock, and 
market share is the percentage of the total market capitalization of the securities market of the HKEx accounted for by the stock as of 
December 31, 2009. All data are collected from the 2009 HKEx Fact Book.  

Table B.1 
Characteristics of sample stocks  

Code Company Name Price (HK$) Market cap (HK$mil) Market Share % 

00005 HSBC Holdings 89.40 1,556,218.26 8.76 
00939 China Construction Bank Corporation 6.67 1,498,676.19 8.43 
00941 China Mobile 72.85 1,461,412.00 8.22 
00883 CNOOC 12.20 544,964.24 3.07 
01398 Industrial and Commercial Bank of China 6.44 534,883.87 3.01 
03988 Bank of China 4.20 319,285.06 1.80 
00016 Sun Hung Kai Properties 116.30 298,231.97 1.68 
02628 China Life Insurance Co. 38.35 285,369.06 1.61 
00762 China Unicom 10.28 242,218.31 1.36 
00001 Cheung Kong 100.30 232,311.28 1.31 
00013 Hutchison Whampoa 53.40 227,664.00 1.28 
00011 Hang Seng Bank 114.70 219,288.36 1.23 
03328 Bank of Communications Co. 9.01 207,810.86 1.17 
00857 PetroChina Co. 9.32 196,641.75 1.11 
02388 BOC Hong Kong 17.60 186,080.93 1.05 
02318 Ping An Insurance (Group) Co. 68.00 173,987.77 0.98 
00066 MTR Corporation 26.80 153,504.43 0.86 
00388 Hong Kong Exchanges and Clearing 139.40 150,016.33 0.84 
00019 Swire Pacific ‘A’ 94.00 136,043.12 0.77 
00688 China Overseas Land & Investment 16.40 133,971.99 0.75 
01088 China Shenhua Energy Co. 38.00 129,146.14 0.73 
00003 Hong Kong and China Gas Co. 19.50 127,322.98 0.72 
00101 Hang Lung Properties 30.60 126,904.89 0.71 
00002 CLP Holdings 52.45 126,202.22 0.71 
00012 Henderson Land Development Co. 58.40 125,369.76 0.71 
00004 Wharf (Holdings) 44.75 123,235.29 0.69 
00494 Li & Fung 32.25 121,762.40 0.69 
00386 China Petroleum & Chemical Corporationa 6.91 115,953.17 0.65 
00006 Hong Kong Electric Holdings 42.20 90,065.84 0.51 
00267 CITIC Pacific 20.90 76,257.58 0.43 
00083 Sino Land Co. 15.10 73,825.89 0.42 
00291 China Resources Power Holdings 28.35 67,913.79 0.38 
00330 Esprit Holdings 51.75 64,559.52 0.36 
02038 Foxconn International Holdings 9.02 64,040.99 0.36 
00017 New World Development Co. 15.96 61,722.40 0.35 
00144 China Merchant Holdings 25.25 61,426.91 0.35 

a Currently known as China Sinopec. 

Appendix C. Refinements in call auction design to reduce extreme price movement in major stock exchangesa 

This table presents refinements to closing call auctions to reduce extreme price movement in major stock exchanges around the 
world. 
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Table C.1 
Refinements to closing call auctions  

Stock Exchanges Daily Price Limit Deadline Other refinements on the closing auctions 

Tokyo Stock Exchange Yes (sliding scale with respect of the previous 
closing price) 

Fixed No 

Korea Exchange Yes (±30% of the previous closing price) Fixed No 
Taiwan Stock 

Exchange 
Yes (±7% of the previous closing price) Fixed No 

Shenzhen Stock 
Exchange 

Yes (±10% of the previous closing price) Fixed No 

Toronto Stock 
Exchange 

Yes (±3% or 5 trading increments of the 
preceding last board-lot sale price) 

Fixed No 

Australian Securities 
Exchange 

No Random No 

London Stock 
Exchange 

No Random No 

Deutsche Börse No Random Yes (triggers a volatility interruption when the indicative closing price 
falls outside a pre-defined price range) 

New York Stock 
Exchangeb 

No Fixed Yes (accepts on-close orders on the stabilizing side of the market in the 
final 15-minute) 

Nasdaqb No Fixed Yes (accepts imbalance-only orders on the stabilizing side of the 
market in the final 20-minute) 

Euronext No Fixed Yes (triggers a volatility interruption when the indicative closing price 
falls outside a pre-defined price range) 

a Information on the refinements on the closing auction mechanisms among worldwide stock exchanges are obtained from the two HKEx consultation 
papers: (i) “Introduction of a price control mechanism during the closing auction session in the securities market” and (ii) “The introduction of a 
closing auction session,” available from http://www.hkex.com.hk/eng/newsconsul/mktconsul/marketconsultation.htm. 
b Information on other refinements on the closing auction mechanism for the NYSE and Nasdaq is obtained from their corporate websites. 
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