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Abstract

We examine how stock market closing price mechanisms affect liquidity, price ef-
ficiency, and market integrity. Using hand-collected data on every major mechanism
change in 45 markets during 17 years, we find that replacing simple mechanisms such as
the last traded price with a closing auction typically improves market quality. However,
auction design substantially impacts auction effectiveness — price stabilization features
and randomized closing times are beneficial, whereas transparent indicative closing
prices are often detrimental. The effects vary with the level of market development and
liquidity, suggesting that when designing optimal closing mechanisms, there is no “one
size fits all”.
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1 Introduction

Closing prices are the most widely used benchmarks and reference prices for equity markets.
They underpin several trillions of dollars of derivatives contracts, managed fund unit prices,
index values, index inclusion, the pricing of secondary equity offerings, and daily market
news. Moreover, the rise of passive investing has driven an increasingly large share of the
day’s total trading activity to the closing period: in some markets as much as 40% or more/l]
With the increasing volumes traded at the close come heightened concerns from regulators
about the robustness of closing mechanisms, which vary widely around the world, and how

such volumes impact the quality of closing prices]

This paper examines closing mechanism design and how it impacts the efficiency of
closing prices, market liquidity, and market integrity. To date, most empirical studies of
closing mechanisms are confined to a single market — usually examining a single change in
the mechanism design. Our contribution is to collect and analyze the most comprehensive
sample of closing mechanisms around the world and all their major changes to bring large-
scale evidence to the question of what constitutes an optimal closing mechanism. We consider
all 115 exchanges reported by the World Federation of Exchanges, from which we hand-collect
data on the 45 exchanges that we identify as having substantial mechanism design changes
during a 17-year period. For each, we obtain a large time-series of intraday trade and quote
data to construct granular measures of market quality and integrity and use difference-in-
differences models to quantify the effects of different closing mechanisms and different auction

design features.

Our first finding is that, around the world, there is a tendency for stock exchanges
to change from simple closing mechanisms, such as halting the market at a specified time
and using the last traded price or an average of the last trade prices as the closing price,
towards different forms of closing auctions. Almost all developed markets and many emerging

countries switch to closing auctions during our sample period.

We find that introducing a closing auction generally improves all facets of market qual-
ity. In a closing auction, the consolidation of liquidity mitigates large order imbalances and

price impacts (Economides and Schwartz, 1995), and liquidity demanders become less ag-

'For example, a recent report from the French market regulator (AMF) estimates that in 2019, closing
auctions account for as much as 44% of daily volume in Spain, 41% in France, 40% in the UK, 36% in
Germany, 32% in Netherlands, and 24% in Italy (see AMF, 2019). The same report estimates that in the US
trading at the close represents around 12% to 14% of daily volume, and that this share is rapidly growing.

2For example, Reuters (August 16, 2019): “The growing popularity of passive and index-tracking funds
and tougher regulations are driving the shift [to trading on close], ... raising concerns about big price swings
and possible disruption to price discovery”.



gressive as they are given an additional opportunity to trade (Foucault et al., 2005; Rosu,
2009). As a result, and in line with our findings, liquidity improves, resulting in increased
trading volumes and closing spreads which reduce by an economically significant 44%. We
also find that closing auctions improve price efficiency and market integrity, as they reduce
price pressures, return reversals, and the probability of closing price manipulation| These
findings are consistent with Schwartz (1995]), who argues that the consolidation of liquidity
brings together the beliefs of many traders about the stock’s fundamental value and reduces
the influence of manipulative orders, contributing to greater price efficiency. At the same
time, the aggregation of liquidity also makes it more difficult and costly for manipulators to

capitalize on their manipulative strategies, which translates into enhanced market integrity.

However, not all closing auctions are equally beneficial. We show that in our sample
there is substantial variation in how exchanges implement closing auctions and these design
variations affect how well the auctions work. In all cases, the common feature of closing
auctions is that liquidity is aggregated during a non-trade batching phase in which market
participants indicate their trading interests. Orders are then executed at a single point in
time, the uncross, at a single closing price. There are two main types of closing auctions:
the call auction and the on-close facility, which we collective refer to as batch facilities. In
call auctions, which are popular in Europe and Asia-Pacific, orders to trade in the auction
are collected after the end of the continuous trading session and all orders are accepted. In
contrast, on-close facilities, which are predominantly used in North America, run in parallel
with continuous trading, accepting orders to trade at the closing price throughout the day.
Towards the end of the day, if there is a large order imbalance during the pre-close period,

the facility typically accepts only orders which offset the imbalance.

We find that closing call auctions are the more effective of the two batch facilities in
terms of increasing liquidity, improving price efficiency, and enhancing market integrity. Their
beneficial effects may explain their popularity around the world and why they have become
the dominant approach for setting closing prices in most developed markets. In contrast,
on-close facilities in the US and Canada are likely the result of designated market makers
and “specialists” historically having played a more prominent role in managing the trading of
equities in those markets, resulting in a more manual and intermediated closing mechanism

that differs from most other developed countries.

Even within the realm of closing call auctions, there are many design features that

impact their effectiveness. We classify all closing call auctions in our sample according

3Following |Austin (2017), we consider that a market has high integrity when its levels of market manip-
ulation are low.



to four distinct design features: flexibility to modify, submit, or cancel orders during the
batching period; randomization of the uncross (closing) time; price stabilization systems
such as collars that limit price movements and volatility extensions that prolong the auction
time if the price would otherwise fall outside of a given range; and transparency of the order

book and indicative auction price during the batching phase.

We find that price stabilization systems have the largest impact of the four design fea-
tures. Call auctions that integrate a price stabilization system tend to improve all measures
of market liquidity and integrity. Our results support the notion that price stabilization
systems diminish the susceptibility to market manipulation by constraining manipulative
behavior within certain bounds. The decrease in the risk of manipulation increases the con-
fidence in the ability of the call auction to generate efficient prices, resulting in increased
trading at the close and higher liquidity. Closing prices also become more efficient, with
significant reductions in variance ratios and in the delays when incorporating information

into prices.

For the other design features, we find that randomization of the closing time is also
beneficial for market quality and integrity. Randomization introduces uncertainty regarding
the exact closing time, forcing traders to submit their orders ahead of time to ensure they are
included rather than waiting until the last millisecond before a deterministic closing time.
Randomization also makes it more difficult to manipulate closing prices by “punching the
close” with an aggressive order submitted just moments before the close. In contrast, we
find that transparency of indicative closing prices is largely detrimental for market quality,
which is consistent with the arguments of Biais et al.|(1999) that transparency discourages
participation due to traders’ concerns about revealing too much information to the rest of
the market.

To examine whether the effects of different closing mechanisms depend on market char-
acteristics, we analyze subsamples of markets categorized according to their levels of devel-
opment, and stocks categorized by their liquidity. We find that illiquid stocks benefit most
from the introduction of a well-designed call auction. These results are consistent with Mad-
havan (1992), who argues that if illiquid stocks manage to attract sufficient order flow, it is

precisely these stocks that benefit the most from a closing auction.

The subsample analysis also shows that both developed and emerging markets benefit
on average from call auctions but with some differences. Developed markets benefit from
call auctions when they integrate randomized closing times, price stabilization systems, and

flexibility to modify and cancel orders. An important takeaway is that the introduction of a



call auction per se does not always result in improvements for market quality. Rather, call
auctions need to have in place certain design features to bring about market-wide benefits.
Closing auctions in emerging markets lead to significant improvements in market liquidity
and, to a lower extent, to market integrity, especially when the call auction incorporates
a price stabilization system. However, flexibility and transparency in the auction generally
harm the performance of closing auctions in emerging countries. Overall, these results suggest
that “one size does not fit all”. What works for developed markets does not necessarily work

in emerging countries.

This paper makes three main contributions to the literature on closing mechanisms.
First, existing studies examine the impact of introducing a closing auction or on-close trad-
ing facility in a single exchange, mainly in developed markets and for liquid stocks. For
example, |Pagano and Schwartz (2003} 2005); [Smith| (2005); Barclay et al.| (2008) show that
in such settings, closing auctions strengthen the price discovery process, while |Aitken et al.
(2005); Kandel et al| (2012); Pagano et al. (2013)) show they facilitate absorption of order
imbalances and price impacts at the end of the trading day. Instead, we examine changes of
closing mechanisms in a comprehensive global sample of 45 exchanges varying from devel-
oped to emerging and including stocks with different levels of liquidity. This broader sample
allows us to show that what is optimal in one market is not necessarily optimal in another.
Our results provide specific insights for developed and emerging markets as well as for liquid

and illiquid securities.

Second, we contribute to the literature by investigating whether closing auctions en-
hance market integrity. The widespread use of closing prices for benchmarking, contracting,
and trading purposes gives market participants many incentives to manipulate them. Pre-
vious literature on closing batch facilities have only indirectly analyzed market integrity by
attributing improvements in volatility and price discovery to a reduction in market manipu-
lation (Thomas, 1998} [Pagano and Schwartz|, 2003} |Hillion and Suominen) [2004; |(Chang et al.
2008). However, Comerton-Forde and Putnins (2011a), who examine 184 prosecuted cases
of closing price manipulation in the United States and Canada, construct an index based on
returns, reversals, spreads, and trading volumes that can be used to estimate the probability
of closing price manipulation. Our paper is the first to empirically use this more specific
measure of closing price manipulation to analyze the effect of different closing mechanisms

on market integrity.

Finally, our study adds to the limited literature emphasizing the importance of auction
design in enhancing the benefits of auctions. Previous studies tend to focus on a single design
feature (Biais et al., [1999; Domowitz and Madhavan, 2001; Medrano and Vives, 2001; Hauser



et al.l 2012} [Lin et all [2019; |Félez-Vinas and Hagstromer, 2021)) or comparing the Nasdaq
and NYSE closing mechanisms (Jegadeesh and Wu, 2022)). We contribute to the literature by
analyzing the effects of several of the most common auction design features (i.e., flexibility,
randomization, stabilization systems, and transparency) and how they influence the auction’s

effect on liquidity, price efficiency, and market integrity.

The remainder of this paper is organized as follows. Section 2 discusses the theoretical
predictions and empirical findings which motivate our hypotheses. The data is presented in
Section 3. We introduce the metrics used to measure liquidity, price efficiency, and market
integrity in Section 4 as well as our regression modeling. Section 5 presents the effects of
closing mechanisms in the full sample while Section 6 presents the varying effects across

markets. We conclude in Section 7.

2 Closing Mechanisms and Theoretical Predictions

Historically, most markets have ended their trading day simply by halting trading at a speci-
fied time and using either the last traded price or the volume-weighted average price (VWAP)
of the last trades as the closing price. This simple mechanism, and the more advanced al-
ternatives to end the trading day, are illustrated in Figure [I} The Figure also illustrates the

design features that characterize different implementations of closing call auctions.
[Insert Figure |1| Here]

Despite their simplicity, last-trade mechanisms for setting closing prices have a weak
ability to absorb order imbalances, making them more likely to produce biased closing prices
in the presence of transitory imbalances (Cushing and Madhavan, 2000; [Barclay et al., [2008).
In this vein, Easley and O’Hara/ (1992) present a theoretical model that predicts a negative
relationship between volume shocks and market liquidity. If their model holds, last-trade

mechanisms are particularly vulnerable to large end-of-day trading shocks.

The extensive use of closing prices as benchmarks and the rise of index funds has in-
creased the volume traded at the close (Bogousslavsky and Muravyev, [2021). Intending to
produce more efficient closing prices, many exchanges have replaced their last-trade mecha-
nisms with batch facilities. In a batch facility, traders indicate their trading interest during a
non-trade batching period. Orders are then simultaneously executed at a single equilibrium
price. Schwartz| (1995) argues that the intrinsic characteristics of batch mechanisms facilitate
price discovery, since the consolidation of liquidity results in an execution price that more

closely reflects the stock’s fundamental value. This claim is consistent with the theoretical



predictions of Madhavan| (1992), who models the process of price discovery under two differ-
ent market structures, a continuous market and a periodic auction, and shows that the batch

mechanism produces more efficient prices.

According to Pagano et al.| (2013)), transitory price changes occur due to trading frictions
that are dependent on microstructure features, such as transaction costs (i.e., bid-ask spreads
and commission fees), tick sizes, price impacts, and sequential order execution. Economides
and Schwartz (1995) argue that closing batch facilities mitigate such frictions because the
aggregation of liquidity enables the absorption of imbalances and price impacts generated by
the submission of large orders. The absence of bid-ask spreads and the clearing at a single

price further reduces transaction costs, contributing to improved liquidity.

Liquidity demanders trade more aggressively at the end of the day because it is their
last trading opportunity before the market closes. Under a last-trade mechanism, aggressive
trading is likely to produce transitory price changes. In contrast, as predicted in the the-
oretical models of Foucault et al.| (2005) and Rosu (2009), by giving traders an additional
opportunity to trade, closing batch facilities make liquidity demanders less aggressive, which
reduces continuous market volatility and spreads. Based on the existing theory our first

hypothesis is as follows:

Hypothesis 1 The introduction of a closing batch mechanism improves market liquidity and

closing price efficiency.

Another dimension of market quality is market integrity - the extent to which markets are
free of securities law violations such as market manipulation. The widespread use of closing
prices in contracts and benchmarks creates many incentives to manipulate them. |Felixson and
Pelli| (1999) and Hillion and Suominen (2004)) note that brokers may attempt to manipulate
closing prices to alter perceptions of their execution quality and increase future commissions.
Fund manager remuneration usually depends on the performance of their fund, which is
also evaluated using closing prices. |(Carhart et al. (2002)) find evidence consistent with fund
managers executing trades in the final minutes before the close to inflate their portfolio’s
net asset value. Kumar and Seppi (1992) and Ni et al| (2005) show that traders also have
incentives to manipulate closing prices in order to profit from open derivative positions.
Comerton-Forde and Putning (2011a) argue that traders can also try to manipulate closing

prices on index rebalancing days to gain index inclusion.

Barclay et al.| (2008) and (Comerton-Forde and Putnins (2011b)) argue that closing price
manipulation not only increases trading costs due to trading at an inefficient price, but it

also undermines investor confidence in the quality of financial markets. Persistent manipu-



lation can discourage market participants from trading, reducing order flow and thus further

inhibiting efficient price discovery.

In contrast to last-trade mechanisms, batch facilities consolidate liquidity, which is likely
to reduce the potential for manipulation because larger orders would be needed to successfully
influence the closing price. The better the batch facility is at consolidating liquidity, the larger
the volume required to manipulate the price and thus the more costly the manipulation.

Therefore, our second hypothesis:
Hypothesis 2 The introduction of a closing batch mechanism enhances market integrity.

Closing auctions vary in how they are designed. Studies on how auction design affects
different facets of market quality are scarce and tend to focus on a single design feature. The
main design features that vary across closing auction implementations are: flexibility to mod-
ify orders within the batching period, randomization of the uncross time, price stabilization
systems, and the transparency of order flow and imbalance information during the batching

phase.

In the context of closing auctions, flexibility refers to the ability of market participants
to submit, cancel, or revise their closing auction orders. While the effects of flexibility on
market quality have not been empirically examined, Biais et al. (1999) and Domowitz and
Madhavan| (2001)) claim that flexibility may enable gaming behavior, which would not only
impair price efficiency and increase volatility, but also deter auction participation. On the
other hand, |Aitken et al|(2005]) argue that flexibility to modify or cancel orders potentially
enhances price efficiency, since traders are given the opportunity to react to the arrival of
new information. Moreover, if market participants are able to infer manipulative behavior,

flexibility can reduce market manipulation and transitory volatility.

Randomization of the closing time is used to deter manipulative behavior by introducing
uncertainty about the exact uncross time (Malaga et al., 2010; |Lin et al.,|2019). If a random-
ized closing time makes it more difficult to distort the close, it is likely to improve confidence

in the market, thereby enhancing liquidity and price efficiency (Hauser et al., |2012).

Some closing auction implementations include price stabilization systems, such as volatil-
ity extensions and price collars, with the aim of curbing large transitory volatility at the close.
Volatility extensions prolong the duration of the batching period if the closing price would
otherwise fall outside a certain threshold, while price collars restrict the closing price to
fall within pre-specified thresholds. (Comerton-Forde and Rydge| (2006]) and |Félez-Vinas and
Hagstromer (2021)) argue that volatility extensions are likely to combat manipulation by

giving market participants the opportunity to trade against manipulative orders.



Transparency refers to the dissemination of order flow and imbalance information dur-
ing the pre-close period[{]Biais et al| (1999) and [Domowitz and Madhavan| (2001) argue that
transparency could discourage traders from participating in the call auction for fear of re-
vealing their information to other market participants, further impairing liquidity and price
discovery. However, Domowitz and Madhavan, (2001 point out that the lack of transparency
can, in turn, facilitate the manipulation of the auction price because traders cannot see and

react to manipulative orders, which could harm confidence and liquidity.

Hypothesis 3 Closing auction design features affect auction performance — randomization
of the closing time and price stabilization systems improve liquidity, efficiency and integrity,

whereas the effects of flexibility and transparency are theoretically ambiguous.

The literature on closing auctions focuses on developed markets. As noted by |Camil-
leri and Green| (2009), this limitation is important because stocks in emerging markets are
generally less liquid and actively traded than those in developed countries and closing auc-
tions could have different effects depending on the level of liquidity and market development.
Further, the trading protocols and market microstructure vary across markets with different
levels of development. Given the disparities, previous conclusions drawn from the imple-
mentation of batch facilities in developed countries do not necessarily apply to emerging

markets.

For example, in illiquid stocks, a trader aiming to manipulate closing prices could find
it easier to do so in a batch facility (Camilleri and Green, [2009). As discussed in Schwartz
(2000), batch mechanisms need to attract sufficient order flow to function well and, as pointed
out by [Ellul et al.| (2005), this could be problematic for emerging markets if a majority of
their stocks are illiquid or inactive. Indeed, |Chau et al| (2021 show that in Hong Kong
illiquid stocks can be manipulated without trading, using only quotes. On the other hand, if
a certain threshold of order flow is reached, Madhavan| (1992)) argues that it is precisely the
less liquid stocks that benefit the most from a batch facility. This is because the consolidation
of orders hinders manipulation and allows for greater accuracy in the price discovery process.
The effects of introducing a closing auction and the effects of the different design features for

illiquid securities and emerging markets remains an empirical question.

4In our study, a batch facility is classified as transparent if, within the batching phase, it discloses price
and volume information of the buy and sell-side of the limit order book, and indicative closing prices and
imbalances.



3 Empirical Setting

3.1 Data and sample

We consider all 115 exchanges listed in the World Federation of Exchanges handbook. We
contacted each of the exchanges asking for details of the closing mechanism that was in place
in June 2014 and any major changes to the closing mechanism since 1996 Of the 115
exchanges, we received responses with sufficient information from 87, of which 49 still used a
last-trade mechanism, and 38 had moved from a last-trade to a batch mechanism during the
sample periodﬂ Of the 49 that still used a last-trade mechanism, seven switched from using
the last trade price to using the VWAP of trades near the close to set the closing price. For
our sample, we keep all 38 exchanges that change from a last-trade to a batch mechanism
and the seven exchanges that change from last price to a VWAP closing mechanism. This
approach gives us the maximum number of closing mechanism changes in our sample, while
making the sample size feasible, considering we process intraday data for all stocks listed on

each exchange.

For the 45 exchanges in our sample, we obtain intraday data including trades and quotes
from the Tick History database maintained by Refinitiv for every single listed equity security.
The trade and quote data span the years 1996 to 2017. The quotes dataset contains infor-
mation on best quotes and associated order volumes, whereas the trades dataset includes the

prices and volumes of executed trades. All data are timestamped to the nearest millisecond.

We use a sample period of 500 trading days before and after the date of the most recent
major change in the closing mechanism in each exchange (the “event date”)[] The use
of a sample period of 500 days before and after the event date is consistent with |Pagano
and Schwartz (2003) and is adopted to allow the computation of liquidity, price efficiency,
and integrity metrics. A window of 500 trading days allows us to determine the longer-
term impact of the introduction of the batch facility, providing sufficient time for market

participants to adjust their trading behavior to the new closing mechanism.

We restrict the sample to include only those stocks listed throughout the whole sample

period and that trade a minimum of three months in both the pre- and post-event periods.

5We initially contacted exchange staff in English. Where this was unsuccessful, we tried again in their
local language. If neither approach yielded a response, we contacted the local regulatory authority.

6To be included, exchanges needed to specify the date of introduction, include sufficient detail around
their auction mechanism, and have available tick history data.

"Using the most recent major mechanism change ensures the most accurate information about the closing
mechanism before and after the change. Although our dataset records closing mechanism changes up until
June 2014, the analysis extends beyond that date due to the post-event periods in the exchanges with the
most recent changes.
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We additionally remove stocks where the number of observations in the pre- and post-period
differs by more than 50% | We also exclude weekends and national holidays in each country of
our sample. As expected, due to dealing with securities traded on 45 different exchanges, the

data contain outliers. To limit their influence, we follow standard practice and winsorize all
variables described in Section [7|at the 2.5 and 97.5 percentiles (e.g., O'Hara and Ye| (2011))).

3.2 Trends in closing mechanisms and their design

Figure [2| depicts the evolution of the closing mechanisms for our sample of 45 exchanges. The
Figure shows an evident decrease in the use of last-trade mechanisms to end the trading day

in favor of batch facilities, especially closing call auctions.
[Insert Figure [2| Here]

Tables [1] and [2] present an overview of the markets that are part of our sample. We consider
stocks traded in 45 exchanges from 43 different countries. The different countries are classified
as developed (Table|l]) or emerging (Table [2) in the year of the country’s event date according
to the World Bank classification, which is based on the country’s gross national income per

capital’'] Accordingly, we classify 27 exchanges as developed and 18 as emerging.
[Insert Table [1] Here]
[Insert Table [2] Here]

The tables provide information regarding the date (Event Date) on which each exchange
introduced the new closing mechanism, the number of stocks in our sample for each exchange
(Number of Stocks), and the total number of stock-day observations in each of the markets
(Number of Stock-Days). Our sample comprises a total of 11,586 stocks, with 6,770 from
developed markets and 4,816 from emerging countries. The number of stock-day observations
across all markets is about ten million, with almost six million from developed countries and

about four million from those classified as emerging.

The tables also present details of the closing mechanism in place together with the
design features implemented when a batch facility is adopted. There are two main categories

of closing mechanisms: (i) last-trade facilities, which determine closing prices based on an

8For robustness, we repeat the analysis by imposing instead a restriction of 80%. The conclusions remain
unchanged. The results for this analysis are found in Section A of the online Appendix.

9World Bank country classifications based on the gross national income per capita are available at http:
//databank.worldbank.org/data/download/site-content/0GHIST.x1s.

UFor robustness, we performed an alternative classification of the countries based on their corruption levels
as reported by Transparency International (www.transparency.org/en/cpi). The country classification
based on corruption barely differs from the one based on development levels.

11
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average price (VWAP) of the last trades in the continuous trading session, and (ii) batch
facilities, where orders are consolidated during a batching period that starts at the end of the

continuous trading session (Call), or that runs parallel with continuous trading (Onclose).ﬂ

All developed exchanges introduced batch mechanisms, with the three on-close facilities
belonging to developed marketsE Of the 18 emerging markets, 11 introduced a closing call
auction, with the remaining seven changing from using the last traded price in the continuous

trading session to a VWAP of the last trades prior to the close.

Exchanges that introduced closing call auctions are further classified according to four
different design features of their auctions: (i) flexibility (Flex) to cancel or modify orders
during the batching period, (ii) randomization (Rand) of the time of the uncross, (iii) price
stabilization systems (Stab) to curb extraordinary volatility, and (iv) transparency ( Trans) of
the batching phase. The use of a specific closing mechanism and design feature is represented
by a dummy variable that takes the value of one if used when the new closing mechanism
is introduced, and zero otherwise. Tables [1| and [2f show that flexibility and transparency are
the most common design features in our sample exchanges, with randomization and price

stabilization systems only being employed in about one-half of the markets.

4 Empirical Models

For each stock-day and each stock-month in our sample, we estimate a range of market
quality and integrity metrics. Because market quality is multifaceted, we consider a large

variety of measures summarized below. Details of these measures are provided in Appendix
A.

We measure liquidity using (i) the quoted bid-ask spread at the close, (ii) a version of
the closing spread that is restricted to quote updates within the last three hours, (iii) the
time-weighted average bid-ask spread in the last two hours before the close, (iv) the value-

weighted effective spread in the last two hours, including and excluding the closing auction,

1On-close orders are accepted until 15:40 at the TSX and TSX-V, and until 15:50 at Nasdaq, at which
point imbalance information is disseminated.

12The introduction of the on-close facilities at NASDAQ, the TSX, and the TSX-V was staggered across
stocks. NASDAQ staggered the introduction over a number of months (Schwartz et al.| [2007). To retain
consistency with the single implementation date of other exchanges, the post-event period commences in
December 2004, once the on-close facility had been fully implemented across all stocks. The on-close facility
at the TSX was first introduced for constituents of the TSX 60 index on four dates between March and April
2004. Constituents of the TSX Composite Index were subsequently made eligible for the on-close facility in
September 2005, with mid- and small-cap stocks introduced separately on two dates. Further, the TSX-V
introduced the on-close facility for the 30 largest stocks in December 2011 and then for the TSX-V Select
Index in January 2012.

12



(v) the dollar value of trading activity, including and excluding the closing auction, and (vi)
an end-of-day adaptation of the Amihud (2002)) illiquidity metric, capturing price impacts at

the close.

We measure price efficiency using (i) intraday high-low range-based volatility, which is
expected to decrease if the closing mechanism makes the market more robust to manipulative
orders and order imbalances, (ii) a variance ratio introduced by [Amihud and Mendelson
(1987), which measures transient volatility in closing prices, (iii) absolute autocorrelation of
opening and of closing prices, which also capture the presence of transitory price distortions,
(iv) an adaptation of the Hou and Moskowitz (2005|) Delay metric, which captures inefficiency
in the form of slow incorporation of market-wide information, and (v) an adaptation of the
Lo and MacKinlay| (1988) variance ratios, using two alternative time frameworks, that detect

deviations from random walk price processes.

We measure market integrity using a range of proxies for closing price manipulation,
including (i) a simple, “traditional”, day-end return reversal measure that captures the ten-
dency for closing price manipulation to often result in price spikes that subsequently reverse
the next day (e.g.,|Comerton-Forde and Putning| (20114)), (ii) an improved reversal measure,
using two alternative specifications, that also capture downward price manipulations and re-
move return continuations, (iii) a version of the reversal measures that eliminates the correla-
tion with volatility, and (iv) the Probability of Manipulation Index (PMI) of Comerton-Forde

and Putnins (2011a)) constructed under three different specifications.

In the interest of simplicity given the large number of market quality metrics and varia-
tions of them, the main tables in the paper report results for eleven key metrics - four measures
of liquidity, four measures of price efficiency, and three measures of market integrity. Addi-
tional results for all alternative metrics are reported in Section B of the Online Appendix.

The results are qualitatively consistent across the primary and alternative metrics.

We evaluate the effects of changes in closing mechanisms on these market quality metrics
using difference-in-differences panel regressions. A potential source of endogeneity is if stock
exchanges self-select into a batch facility when they believe the mechanism will be beneficial
to them (e.g., when introducing a closing auction is expected to improve market quality) and
not adopt such a mechanism if it is not expected to be beneficial. Such selection effects can
arise when (i) the treatment has heterogeneous effects, such as auctions being more beneficial
in developed or emerging markets or in more/less liquid markets, and (ii) the stock exchanges

determine to change their closing mechanisms strategically when it is beneficial.

To a large extent, these selection effects are absorbed by controlling for sources of het-

13



erogeneity in closing mechanism effects including exchange fixed effects (subsumed by stock
fixed effects), which pick up the level of development and level of liquidity, time fixed effects,
which pick up general global economic conditions and the prevailing state of technology, and
stock fixed effects. However, we take a further step in the empirical models and apply a
two-stage Heckman-style correction (Vella and Verbeek, |1999; |Clougherty et al., |2016)

In the first stage, we estimate a probit model of a stock exchange’s decision to adopt a
closing call auctionm
PT(CCL”i’t = ].) = (I)(ﬂzz’t + Uiﬂg) (1)

where Call is one if the exchange trading stock 7 at time ¢ has implemented a closing call
auction and zero otherwise, ® is the cumulative standard normal distribution function, and
Z is a set of determinants of the choice to introduce a closing call auction. The determinants
include: (i) the exchange’s region (Asia-Pacific, Europe, Middle East/Africa, North America
or South America), (ii) a dummy variable for developed Countriesﬂ (iii) the lagged average
traded dollar volume per stock, (iv) the lagged number of stocks in the exchange, (v) the
lagged exchange liquidity computed as the average closing spread of all stocks in the exchange,
and (vi) the lagged exchange efficiency, calculated as the average intraday volatility of all

stocks in the exchange.

Table |3 reports estimates from the probit model of the likelihood that an exchange
selects a closing call auction as their closing mechanism. All coefficient estimates in the
probit regression are statistically significant, indicating that the exchange’s region, level of
development, and trading activity characteristics such as the volume, liquidity and efficiency,

are all related to the decision to introduce a call auction.
[Insert Table |3| Here]

From the first-stage model, we construct the inverse Mills ratios using the fitted values (3):

O(—BZ;4)

| —®(8Zi,)
"1 - ®(-BZ;y)

(B2 ®

+ (1 - Calli,t)

In the second stage, we estimate difference-in-differences regressions that incorporate the

13Given that only two countries implement on-close facilities, we limit the probit selection equation to call
auctions.

14 A country is categorized as either developed or emerging according to the criteria of the World Bank in
the year of the change in closing mechanism.
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selection-corrected inverse Mills ratios{]

Yie = a; + v+ B1Call; s + B2Onclose;  + B3Call; y x Rand; ++
BaCall;y x Stab; ¢ + fsCall; s x Flex;y + BsCall;y x Trans; + (3)
BNBZig) + €,

where Y;; is a market quality measure for stock ¢ on day or month ¢ (for daily metrics
the time index are days and for monthly metrics the index are months). a; and 7, are stock
and time fixed effects. Call;; is a dummy variable that equals one if the security is listed
on a market that runs a closing call auction and zero otherwise, and Onclose; ; is a dummy
variable that equals one if the exchange operates an on-close facility and zero otherwise.
Rand, ; is a dummy variable set to one if the uncross time is randomized; Stab; ; is a dummy
variable equal to one if the closing mechanism includes a price stabilization system; Flex;,
is a dummy variable that equals one if traders have the flexibility to modify or cancel their
orders during the batching period; and T'rans;; is a dummy variable that equals one if the

market’s closing mechanism is transparent /'

Because the different markets in the sample change closing mechanisms at different times,
adding stock and time fixed effectively provides a difference-in-difference estimator. For a
given chance in closing mechanism, all other markets that do not experience a change at the

same time serve as the implicit control markets.

5 Effects of closing mechanisms in the full sample

We first analyze the effects of introducing batch facilities on market quality for our entire
sample, which allows us to draw general conclusions. In the next section, we analyze various

partitions of the sample.

Table (| presents the results of the fixed effects panel regressions for the market lig-
uidity measures using the full sample. Following Petersen (2009) and Thompson| (2011)),
the standard errors (reported in parenthesis) in this and all subsequent tables are robust

to within-cluster error correlation in both the stock and time dimensions. To avoid over-

15In Section C of the Online Appendix we report the regression results for the simpler difference-in-
differences regression model that excludes the selection-corrected inverse Mills ratios. The conclusions about
the effects of batch facilities remain qualitatively unchanged.

6Equation [3| analyzes the effects of introducing batch facilities and, conditional on the market having a
call auction in place, the relative contribution to market quality of the four different design features. In the
regression, we exclude the interaction of the on-close facility variable (Onclose) with the design features due
to the lack of variability in design across the two countries employing the on-close mechanism.
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weighting exchanges with more securities, all regressions are weighted to limit the influence

of countries with many stocks/!"]
[Insert Table |4| Here]

Consistent with Hypothesis 1, Table 4| shows that call auctions improve liquidity. Spreads
experience a significant reduction: for the average call auction, the time weighted closing
spread (TWCS) and the value-weighted Effective Spread fall by 13.3 bps and 11.7 bps,
respectively. These reductions represent economically significant reductions in transactions
costs - in comparison to the ’typical’ stock, these represent reductions of 16% and 44%,
respetively. In contrast to the findings of |Aitken et al.| (2005)), our results also suggest that
liquidity is not redistributed away from the last hours of trading towards the closing auction
but, rather, that the introduction of a call auction is likely to encourage new liquidity to enter
the market. Consistent with the creation of new liquidity, we document a significant increase
in the daily traded value of approximately 13%, both when accounting for the volume traded

in the auction and, as reported in appendix results, also when excluding it.

In contrast, the introduction of an on-close facility appears to be mostly detrimental
for market liquidity, with closing spreads significantly widening and daily trading values
experiencing a significant reduction. The deterioration of liquidity further manifests in an
increase in the impact of closing trades (Closing Impact), which comes as a result of the
larger spreads and lower trading volumes. These detrimental effects could be explained by
on-close facilities running parallel to the continuous trading session, which splits the order
flow for a large portion of the day leading to larger spreads. Moreover, given that orders
in on-close facilities are not executed until market close, the results potentially signal an

inability of on-close facilities to attract sufficient activity early in the trading day.

Table {| also provides evidence of the importance of auction design in explaining the
impact of the auction on market quality. A call auction with a randomized ending time and,
especially, with a price stabilization system in place, greatly improves the performance of the
auction, consistent with Hypothesis 3. A closing call auction with a randomized closing time
significantly increases daily traded volumes, leading to a reduced impact of closing trades.
These results are consistent with the notion that market participants are more willing to trade

at the close when the closing time is randomized because this feature makes it more difficult

"For exchanges with a number of stocks below 150 (the sample median), we assign a weight of one to
each stock in that market. For exchanges where the number of stocks is 150 or greater, we set each stock’s
weight to 150/N, where N is the number of stocks in that particular market. This ensures the weight of each
country is scaled so that its overall influence is as if it had 150 stocks. For robustness, we repeat the analysis
using a threshold of 250 (the sample mean) obtaining similar results. The results for the robustness analysis
are found in Section D of the online Appendix
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to manipulate the closing price. Our findings are consistent with [Malaga et al.| (2010), who
find that randomized closing times in internet auctions generate execution risk, minimizing
manipulation (‘sniping’) at the close. Increased investor confidence in the integrity of the
closing mechanism can lead to increased investor participation, as evidenced by the significant

increase in daily traded values.

Price stabilization systems consistently benefit all measures of market liquidity and seem
to be the most important design feature in improving auction performance. Relative to a
closing call auction lacking any design features, the introduction of a call auction with a
price stabilization system brings further reductions to all spread measures, increases daily
trading volumes and decreases closing price impacts. Price stabilization systems constrain

manipulative behavior within certain bands, diminishing the scope for price manipulation.

Flexibility is mostly beneficial, resulting in significant reductions for both spread mea-
sures and closing price impacts. The results are consistent with traders valuing the potential
to freely react to the arrival of new information by canceling, submitting, or modifying their
orders. However, our results also show that flexibility significantly reduces daily traded dol-
lar volumes. As noted in Biais et al.| (1999), giving traders the ability to modify or cancel
their orders increases the risk of manipulative behavior during the auction, which gener-
ates uncertainty about the legitimacy of order imbalances and indicative closing prices. As
a result, investors may be discouraged from participating, leading to a decrease in trading
volume. That said, while flexibility decreases the daily traded volumes, the overall effect of
introducing a flexible call auction is positive, as the reduction in trading volumes brought by
flexibility is lower than the increase prompted by the introduction of the closing call auction.
Further, the effects of flexibility are highly dependent on the level of development of the

market, which we analyze in Section [6]

Lastly, Table {4] shows that transparency of orders and prices within a closing call auc-
tion is largely detrimental to market liquidity. A transparent auction, compared to a non-
transparent one, is associated with large and significant increases in spreads and closing price
impacts, as well as significant decreases in daily traded values. These results are consistent
with the arguments of Biais et al.| (1999) that traders are generally reluctant to participate in
transparent auctions, preferring to conceal the information in their orders. This phenomenon
is supported anecdotally by the removal of the publication of the indicative calculated closing
price from the TSX’s market-on-close facility, since it encouraged traders to delay entering
their orders until after order information and indicative closing prices were revealed. Con-
sistent with this evidence, a transparent system tends to reduce participation at the close,

leading to increased transaction costs.
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Table [5] reports the results of the fixed effects regressions for price efficiency using the
full sample. In line with Hypothesis 1, both call auctions and on-close facilities improve price
efficiency by means of a reduction in the levels of intraday volatility. This result is consistent
with the predictions of Foucault et al.| (2005) and Rosu/ (2009) that by giving traders an addi-
tional opportunity to trade, closing batch facilities make liquidity demanders less aggressive,
which reduces volatility. The drop in intraday volatility is also in line with Economides and
Schwartz (1995), who note that the aggregation of liquidity in batch mechanisms facilitates
the absorption of order imbalances and price impacts generated by large orders, leading to
lower volatility. This reduction is not only statistically significant, but is also economically

significant, representing a reduction of 9.8%.
[Insert Table [5| Here]

Table [6] reports regression results for the market integrity metrics. The consolidation of
liquidity in call auctions makes it more difficult for either manipulators or large trades to
distort closing prices away from their fundamental value. This aggregation of liquidity also
reduces the profitability of manipulative strategies by increasing the execution costs and risk
for traders attempting to manipulate the auction. In this vein, and consistent with Hypothesis
2, we find that the introduction of closing call auctions improves market integrity, with the
Reversal metric experiencing a significant reduction of 6 bps (a reduction of 8.5% from the
mean of 70 bps) and the probability of manipulation (Manipulation Indezr) experiencing a
significant drop of 8.2% (representing a reduction of 20% when compared to the average

probability of manipulation).
[Insert Table [6] Here]

In contrast, on-close facilities do not appear to be beneficial for market integrity. The
previously-reported drop in liquidity and activity levels is probably driving this result given
that, as argued in [Ellul et al. (2005), a batch facility needs to attract enough order flow in
order to function well. Failure to do so makes the mechanism sensitive to order imbalances

and facilitates manipulative behavior.

When it comes to auction design, randomization and price stabilization systems increase
volatility levels, which is likely explained by the greater trading activity and increase in
liquidity brought about by these two design features. While the mere introduction of a
closing call auction does not lead to a significant drop in the variance ratios (Amihud VR and
LoMacKinlay VR) or the rate at which information is incorporated into prices (Delay), Table
shows statistically significant reductions in these metrics when the call auction incorporates

a randomized closing time or a price stabilization system. The impossibility of marking the
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close due to the uncertainty in the closing time, and the constraints to manipulation brought
about by price stabilization systems, are likely to discourage manipulative activity. As a
result, price efficiency improves, as evidenced by the reduction in price pressures (Amihud

VR and LoMackinlay VR) and the faster incorporation of information into prices (Delay).

The use of price stabilization mechanisms additionally brings large and significant im-
provements to market integrity. Price stabilization systems not only reduce price pressures
from large order imbalances (as indicated by the reduction in the reversal metrics), but it also
further reduces the probability of manipulation by about 9.0%, relative to a call auction with
no design features in place. These results are consistent with the arguments of |Félez-Vinas
and Hagstromer| (2021) that manipulators are discouraged from distorting prices when sta-
bilization systems are in place as they wish to avoid triggering the pre-close volatility curbs,
particularly given the costs associated with maintaining altered prices over an extended pe-

riod of time.

Flexibility to cancel and amend closing auction orders tends to be beneficial for both price
efficiency and market integrity. Flexibility in a call auction is associated with lower intraday
volatility, reduced delay in information incorporation, and a decrease in price reversals. These
results are consistent with the notion that allowing traders to modify and cancel closing orders
encourages them to reveal more information with their closing orders, leading to improved

price discovery.

On the other hand, flexibility increases the probability of manipulation by 4.1% compared
to an inflexible closing call auction. The net effect of introducing a flexible call auction is
still positive, given that the increase in the Manipulation Index brought by flexibility is lower
than the drop prompted by the introduction of the closing call auction. The increase in the
probability of manipulation implies that it provides manipulators with a greater ability to
pursue manipulative strategies. While flexibility allows traders to react to new information,
it also enables them to game the auction, which may be especially problematic in poorly

monitored markets with low levels of regulatory enforcement.

Finally, the results presented in Tables [5| and [6] show that transparency of closing auc-
tion prices and orders is largely detrimental for price efficiency and market integrity. If, as
previously reported, transparency results in a reduction of liquidity and discourages traders
from participating in the auction, this is likely to harm the price discovery process because
an auction needs sufficient liquidity to generate efficient closing prices. In this vein, the sig-
nificant increase in Delay indicates that, with a transparent auction, it takes a longer time

for prices to incorporate new information. The increase in the LoMackinlay VR also tells
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us that closing prices become more inefficient, given that they experience greater price pres-
sures. The lack of participation also hinders the ability of the auction to absorb large order
imbalances and facilitates manipulative behavior, as indicated by the significant increase in

all reversal measures and the Manipulation Indez.

6 Do the effects of closing mechanisms vary across mar-

kets and stocks?

Our analysis includes 45 exchanges in a wide variety of global markets. Differences in how
closing mechanisms impact developed versus emerging markets are likely to be driven by
their varied levels of regulatory enforcement and differences in trading protocols and market
participants. The effects of closing mechanisms could also differ depending on the liquidity
of the stocks, due to the extent to which liquidity is sufficiently aggregated to make closing

batch mechanisms efficient.

To examine such potential differences across stocks and markets, we partition our sample
into developed and emerging markets, and we further partition stocks into liquid versus
illiquid securities. A country is categorized as either developed or emerging according to
the criteria of the World Bank in the year of the change in closing mechanism. Similarly, a
stock is classified as liquid or illiquid based on the pre-period trading volumes and number of
inactivity days. A stock is classified as liquid if its inactivity levels are below the exchange’s
mean and its trading volume above, otherwise the stock is categorized as illiquidEg] We
use the same difference-in-differences panel regression models as in the full sample, but here
we estimate the models using subsamples: developed and emerging markets and liquid and

illiquid securities.

Table [7| reports the effects of introducing batch mechanisms on market liquidity for the
liquid and illiquid securities of developed markets. Consistent with Hypothesis 1, and in line
with the results obtained for the broad sample, Table [7| confirms the overall positive effects
on market liquidity of introducing a call auction in developed countries. The results make
evident the importance of auction design in developed markets, especially for their illiquid
securities, where it is the design features, rather than the introduction of a call auction alone,
that drives the beneficial effects on market liquidity. When it comes to on-close facilities, only
developed markets employ them, and the results are in line with those of the main analysis

without any large differences emerging between liquid and illiquid stocks.

8For robustness, we partition stocks into liquid and illiquid based on medians rather than means, and
using volatility rather than inactivity levels. The conclusions remain unchanged.
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[Insert Table [7| Here]

Liquid securities in developed countries especially benefit from a randomized closing time,
with this design feature being consistently associated with enhanced performance of the
call auction. The use of price stabilization systems is also beneficial, as it significantly
reduces TWCS and contributes to the creation of new liquidity as shown by the positive and
significant estimates of the daily trading volumes. However, the magnitude of the effects are
smaller than those observed in the full sample. Price stabilization systems are only triggered
in cases of extreme price movements. In developed markets, where securities regulation is
highly enforced and volatility is lower than in emerging countries, stabilization systems are
seldom triggered, which is likely why this feature makes a relatively lower contribution. The
results are consistent with the notion that in a highly monitored and regulated market,
traders are less likely to perceive flexibility as a tool to manipulate markets, and rather as an
instrument that allows them to modify their orders in the event that new information arrives
at the market immediately prior to the close. As in the main analysis, transparency remains

largely detrimental to market liquidity.

Illiquid securities in developed countries strongly benefit from having randomization,
price stabilization systems, and flexibility in the closing call auction. Transparency, in con-
trast, is harmful for illiquid stocks, with all measures experiencing a large and significant

deterioration.

Table |8 reports the price efficiency results of introducing batch mechanisms in developed
markets for both liquid and illiquid securities. While the results show noticeable similarities
with those from the full sample, this subsample analysis generates two additional takeaways:
(i) auction design is important, as it is the design features (rather than the mere introduction
of a call auction), that drives the improvements in closing price efficiency and (ii) illiquid
stocks benefit the most from having in place appropriate design features. While a call auction
devoid of the four features does not generally bring significant gains in the price efficiency of
illiquid stocks, it drives significant improvements when the call auction incorporates random-
ization, flexibility or price stabilization systems. As argued by Schwartz (2000), an auction
requires sufficient liquidity to generate efficient prices, which could prove particularly diffi-
cult for illiquid stocks. As reported in the liquidity regressions, randomization, flexibility
and price stabilization systems bring significant liquidity improvements for illiquid securi-
ties. Finally, transparency continues to be associated with significantly less efficient prices

for illiquid stocks.

[Insert Table [§] Here]
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The importance of auction design is similarly underscored in Table[d] which reports the results
of the market integrity regressions for developed markets. Randomization, price stabilization
systems, and flexibility remain important contributors to market integrity for both liquid
and illiquid stocks. The results support the notion that having in place a closing call auction
with randomization, price stabilization systems and flexibility, alleviates price pressures from
large order imbalances at the close (as shown by the reversal estimates), and reduces the

probability of closing price manipulation (as reported by the Manipulation Index).
[Insert Table [0] Here]

Lastly, we examine the effects of introducing closing auctions in emerging marketsH Table
presents the effects on market liquidity for the liquid and illiquid securities. Consistent
with Hypothesis 1, Table [10| corroborates the beneficial impact on market liquidity of intro-
ducing a call auction in emerging markets. Both liquid and illiquid stocks experience large
and statistically significant improvements from the change in closing mechanism. With the
introduction of a call auction devoid of design features, all spread measures fall, closing price
impacts diminish, and new liquidity enters into the market as signalled by the increase in
daily traded volumes. Although all securities are better off with the new closing mechanism,
consistent with Madhavan| (1992), it is the illiquid stocks that benefit the most, experiencing

overall larger effects relative to liquid securities.
[Insert Table [10] Here]

When it comes to auction design, an important takeaway is that what works for developed
markets does not necessarily apply to emerging ones. Compared to developed countries, the
use of price stabilization systems plays a more central role than randomization in improving
the performance of the auction in emerging markets. This difference may be explained by
the lower levels of regulatory enforcement and monitoring by market participants in these
countries. As a result, emerging markets benefit particularly from an auction design that
actively constrains manipulative behavior without the need for regulatory oversight, as is the

case for price stabilization systems.

In contrast with the results for developed markets, flexibility is not a desirable design fea-
ture in emerging markets, especially for illiquid securities, where it significantly contributes to

wider spreads, lower trading volumes, and increased price impacts. This result is consistent

19 As discussed in Section some exchanges in the emerging countries of our sample changed from using
the last traded price in the continuous trading session to a VWAP of the last trades prior to close. As
an additional test for our emerging markets subsample, Section E in the Online Appendix shows regression
results for an alternative specification of our Difference-in-Differences regression model that includes a VWAP
dummy.
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with the idea that in countries with limited enforcement of securities regulation and minimal
monitoring, flexibility is likely perceived by market participants as a tool that facilitates the
manipulation of the auction, which discourages overall market participation. In line with
the arguments of Biais et al.| (1999) and Domowitz and Madhavan (2001)), transparency is
found to be detrimental for market liquidity in emerging countries, as the fear of revealing
information to other market participants discourages participation. As shown in Table [2| a
majority of the emerging markets that introduced call auctions have transparency or flexi-
bility in place, which when used in combination, completely undermine the performance of

the auction, negating its associated benefits.

Table [L1] reports the price efficiency results of introducing closing auctions in emerging
markets for both liquid and illiquid securities. The introduction of closing auctions enhances
price efficiency for emerging markets, although the coefficient estimates are predominantly
weakly statistically significant. Moreover, while auction design plays an important role in
improving price efficiency for developed markets, these findings do not translate to emerging
ones. A possible explanation is that despite the increase in market liquidity, emerging markets
still lack enough liquidity to fully realize gains from the beneficial aggregation effects of closing
auctions, which is needed in order to generate efficient closing prices (Schwartz, [2000). Given
the preference of emerging markets to adopt transparency and flexibility features in their
auctions, the lack of auction participation could, in many cases, be due to an inappropriate

choice of design features.
[Insert Table [11| Here]

Lastly, Table [12| reports the results of the market integrity regressions for emerging markets.
The introduction of a call auction in emerging markets, absent any design features, is as-
sociated with a significant improvement in the integrity measures, with all return reversal
metrics experiencing a significant decline and, for the liquid securities, the probability of

closing price manipulation also diminishing.
[Insert Table [12| Here]

When it comes to auction design, the results are less conclusive than in the liquidity regres-
sions, but generally point in the same direction. Price stabilization systems are associated
with a significant reduction in Reversals and in the probability of price manipulation in liquid
securities of about 10.5%. Randomization appears to be detrimental, although the overall
net effect is generally positive, as the reduction in market integrity brought by randomiza-
tion tends to be small enough to not wipe out the benefits of the auction. The results for

randomization potentially reflect the lack of the liquidity required in these markets to take
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full advantage of the benefits reported for developed countries. If an auction does not attract
enough liquidity, it is likely that the design features do not bring about improvements in
its performance. Finally, the results suggest that flexibility and transparency are undesir-
able design features, as they commonly lead to increased reversals and a higher probability
of manipulation (Manipulation Index). Adopting these design features discourages partici-
pation, making the call auction more sensitive to the effects of large order imbalances and

manipulative behavior.

7 Conclusion

Many stock exchanges around the world have moved from simple closing mechanisms such
as using the last trade price(s) at a specific time to closing auctions with a variety of design
features. In a global sample of 45 exchanges we find that call auctions generally improve
market quality relative to last-trade mechanisms. In contrast, we do not find similar benefits
for the on-close facilities, although we caution that we have far fewer observations in which on-
close facilities are adopted. These findings help explain why so many exchanges are choosing
to adopt closing call auctions and why they have become the most popular approach to

closing stock exchanges in almost all developed markets and many emerging markets too.

The second key takeaway is that auction design matters. Not all auctions are effective.
For example, we find that randomized closing times and price stabilization systems signif-
icantly enhance the performance of closing auctions with respect to market liquidity, price
efficiency and market integrity. Flexibility is also generally beneficial for market quality,
although a deeper subsample analysis indicates that this is mainly the case for developed
markets. In contrast, our results suggest transparency in closing auctions is generally detri-

mental for most measures of market quality.

The third main takeaway is that when it comes to closing mechanisms, it is not the case
that “one size fits all”. In developed countries, all aspects of market quality are improved on
average by the introduction of a call auction that incorporates randomization, stabilization
systems, and flexibility, especially in illiquid securities. In emerging markets, closing call
auctions substantially improve market liquidity but have less of an effect on market integrity
and price efficiency. The commonly used features of flexibility and transparency tend to

decrease the performance of closing auctions in emerging countries.

Our results provide guidance to global exchanges and regulators on how to structure call
auctions. Our results may also provide guidance for design considerations in other types of

auctions such as new venues that abandon traditional continuous double-auction designs in
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favor of frequent batch auctions. Our results suggest that it is not sufficient to “ring” the
closing bell, rather it is imperative that consideration is given to the details around how it

is “rung”.
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Appendix A: Measures of market quality

A.1: Liquidity measures

Our first measure of liquidity, Closing Spread, is calculated for each stock ¢ and day t in basis

points. We define Closing Spread as

Sp’rea'di,t,close

(4)

Closing Spread; ; = Midpoint.y aon
where Spread; ; cose is the difference between the best ask and bid prices at the closing of
the continuous trading session and Midpoint; ; ciose is the bid-ask midpoint at the closing of
the continuous trading session. We also calculate a restricted version of the Closing Spread
(Restricted Closing Spread), where we only include the spread observation if the quotes are
updated within the last three hours of the continuous trading session. We include these two

measures of liquidity in our robustness estimations.

Aitken et al.| (2005) document a significant relation between the last two hours of trading
and participation in the closing batch mechanism. Specifically, they find that traders are
willing to delay trading for up to two hours to benefit from the enhanced efficiency achieved
when trading in the batching facility. Accordingly, our first key metric of liquidity, the time-
weighted closing spread (TWCS), is computed for each stock and day as the average relative

quoted spreads in the last two hours of the continuous trading session |

To estimate the transaction costs for liquidity demanding traders we use the value-
weighted Effective Spread as our next measure of liquidity. The Effective Spread is cal-
culated in basis points for trades that occur in the last two hours of the continuous trading
session both including and excluding the auction. The specification of Effective Spread that
includes (excludes) auction trades constitutes another of our key (robustness) liquidity met-

rics. We define the effective spread for transaction 7 as

| Price; — Midpoint. |
Mudpoint.,

Ef fective Spread, = (5)
where Price, is the transaction price and Midpoint., is the prevailing midpoint at the time
of the trade. As transactions during the auction will have a transaction price equal to the

midpoint, the effective spread will be zero. The effective spread is then weighted by the

20Metrics in bold constitute our “key metrics” of market quality and integrity. Regression tables in the
main paper report estimates using these metrics. We calculate the remaining metrics for robustness and their
regression results are reported in Section B of the Online Appendix.
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dollar value of the transaction.@ If liquidity demanding traders trade less aggressively after
the implementation of a closing auction, we expect the value-weighted effective spread to
decrease in the post period. Traders would therefore pay lower transaction costs as predicted
by [Foucault et al.| (2005) and [Rogu/ (2009).

The next metric we use to measure liquidity is a measure of the value of trading activity
that we refer to as Value. We include this metric to estimate whether the introduction of
the closing auction creates new trading activity or simply shifts activity from the continuous
trading session to the auction. We calculate Value including and excluding the auction

volume, the former (later) being another of our key (robustness) liquidity metrics, as:

Vit
Value;;, = = 6
=T (6)
where V;; is the daily dollar volume traded during continuous trading, including or excluding
the auction, for security 7 in day ¢ and V; is the average dollar volume for security i during

the pre- and post-event periods.

If a closing call auction does not create new liquidity but simply redistributes it from
the end of continuous trading to the call auction, we expect a negative relation between the
batch facility and trading activity excluding the auction volume. Alternatively, if the closing
batch facility positively impacts trading activity, this indicates that the change in the closing

mechanism generates new liquidity.

Finally, we use an adaptation of the |[Amihud| (2002) illiquidity metric, the Closing

Impact, as our last key measure of liquidity:

Ri close
el )

Closing Impact; ; =
Valuei,t,close

where R, ciose 15 the return from the prevailing midpoint two hours before the close to the
closing price. The closing price is the transaction price of the last trade during the continuous
trading session or the auction price. Value; ¢ cose is the dollar volume of trading during the

last two hours of the day, including the auction if there is one.

If the introduction of a closing auction consolidates liquidity and mitigates large order
imbalances and price impacts, we expect a negative relation between Closing Impact and the

introduction of the auction.

21To reduce the effects of large outliers we limit the values of all our spread measures to 2,000 bps.
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A.2: Price efficiency measures

Our first key measure of price efficiency is Intraday Volatility, which we define as

(High;; — Low; ) )
(High t+Low; +) ( )
2

Intraday Volatility; , =

where High;; and Low;, are security i’s highest and lowest daily trade prices on day ¢.
The metric is normalized by the average intraday volatility of the stock during the pre- and

post-event periods.

Schwartz (1995) notes that consolidated liquidity incorporates the beliefs of many traders,
which reduces the influence of manipulative orders and individual noise trades and contributes
to greater price efficiency. Additionally, the consolidation of liquidity diminishes large order
imbalances further improving price efficiency (Economides and Schwartz, [1995)). If the con-
solidation of liquidity in a closing auction improves price efficiency, we expect the intraday
volatility to decrease, as the effect of manipulative orders and the impact of order imbalances

and noise trades should decline.

In the absence of transitory volatility, the variance of 24-hour stock returns should be
the same, regardless of the time of the day when stock prices are sampled. To test if this

holds we estimate our second key metric of price efficiency, the variance ratio introduced by
Amihud and Mendelson| (1987) (Amihud VR), which is defined as

VAR(In(Pricef{o5) — In(Pricef{*))

Amihud VR, ,,, = 5 5
VAR(In(Price; ) — In(Price; "))

1 9)

where Pricegfose is the price of the last trade during the continuous trading session or the

auction price for security 7 on day ¢ and Price?f “" is the midpoint one hour after the market
opens. The variance is calculated based on daily returns resulting in a variance ratio for

month m.

A variance ratio greater than unity indicates that the transitory volatility in the closing
price returns exceeds that of the opening price returns. If the introduction of a closing batch
auction makes prices more efficient, we expect transitory volatility in the closing price to

decrease and the Amihud VR to converge towards unity.

Our next measures of price efficiency are the Closing and Opening Autocorrelation, which
are metrics that we calculate for robustness and that we define as the absolute autocorrelation
of close-to-close or open-to-open returns. For the Closing Autocorrelation, returns are calcu-

lated in basis points using the price of the last trade during the continuous trading session
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or the auction price. For the Opening Autocorrelation, the opening price used to calculate
returns is defined as the prevailing midpoint one hour after the opening of the continuous
trading session. The autocorrelation is computed using daily returns for each stock-month
1,m. If price efficiency improves after introducing a closing auction, we expect a decrease in

the autocorrelation metrics.

Our third key metric of price efficiency measures the extent to which lagged market
returns predict a stock’s closing returns by adapting the Delay metric by Hou and Moskowitz

(2005) to an intraday setting. To calculate Delay we first estimate the following regression:

Return;y = By + BiMarket Return, 4+ SoMarket Return,_, (10)
+0sMarket Return,_o + SsMarket Return,_s + €; 4

where Return;, is the close-to-close return in basis points using the last traded price during
the continuous trading session or the auction price for security ¢ on day ¢, and Market Return,
is the close-to-close return of the market index. The regression is estimated with (Uncon-
strained) and without (Constrained) the lagged market returns. We save the R? estimates

- 2 2 - :
of the two regressions RZ,,,rained @4 R peonstrainea {rom which we calculate Delay as:

R? ;
_ R2Constrazned (1 1)

Unconstrained

Delay; y, = 1

The Delay metric takes a value between zero and one. The higher the Delay the more varia-
tion in stock returns can be explained by lagged market returns, indicating that market-wide
information is only slowly incorporated into the stock’s price, suggesting lower informational
efficiency. If the introduction of a closing auction improves price efficiency, we expect a

decrease in Delay.

The last price efficiency metric measures whether stock prices follow a random walk
and thus whether the variance of the stock returns is a linear function of the measure-
ment frequency. We estimate LoMacKinlay VR, the variance ratio introduced by Lo and
MacKinlay| (1988)) and applied to intraday data by [Foley and Putnins (2016):

2
LoMacKinlay V Ry, = ‘ﬂ - 1‘ (12)

ko?
where o7 and o} ; are variances of the I-day and kl-day close-to-close returns in basis points
for a given stock day. The closing price is the last traded price during continuous trading or
the auction price. We use the k,I combination of 1-day and 3-day returns for our last key

metric of price efficiency, and of 1-day and 5-day returns for our robustness metric.
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If the variance of three-day (five-day) returns is higher or lower than three (five) times
the variance of one-day returns, price dynamics depart from a random walk, indicating in-
efficiency in prices. Given the predicted improvement in price efficiency following the in-
troduction of a call auction, we expect the LoMacKinlay VR to decrease in the post-event

period.

A.3: Integrity measures

We use four measures of market integrity, the first of which is the Traditional Return Reversal,
a metric that we calculate for robustness. Traditional Return Reversal measures the price
change between the closing price on day ¢ and the opening price on day t+1. If market
manipulation is present, closing prices usually display an upward spike that reverses the

following day, resulting in a return reversal. We define Traditional Return Reversal as

i ,Close
Pricey;

(13)

Traditional Return Reversal;; = In( Open

Price;; 1

where PriceS/os is the last traded price of the continuous trading session or the auction price

of security ¢ on day ¢t and Pricegtpff is the midpoint one hour after the market opens for
security ¢ on day t+1. If the introduction of a closing auction consolidates liquidity, large
trades will have a smaller price impact and the price will deviate less from the fundamental
value. This makes it more costly and risky for manipulators to attempt to manipulate the
closing price. We therefore expect the Traditional Return Reversal measure to decrease when
a closing auction is introduced as the price should deviate less from the fundamental value

at the time of the close and thus reverse less at the open the next day.

To capture the possibility that closing prices could also be manipulated downward, and
to eliminate close-to-open returns that are the result of return continuations rather than
reversals, we construct a new Rewversal metric that constitutes our first key measure of
market integrity:

Reversal;; = max(Reversal™, Reversal™) (14)

where the components are defined as follows:

Reversal™ = min(maz(0, Ry), maz(0, Ry)) (15)
Reversal™ = min(maz (0, —Ry), max(0, —Ry)) (16)
Ry = log(Pricef}”) — log(Price%idday) (17)
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R, = log(Pricef,fose) — log(Price%idflay) (18)

Pr@'ceff"se is the price of the last trade during the continuous trading session or the auction

price for security ¢ and day ¢ and Price%idd“y is the prevailing midpoint halfway through the
continuous trading session. We expect the Reversal measure to be negatively related to the
introduction of a closing auction if manipulation of the closing prices becomes more difficult

as liquidity is consolidated.

As the Reversal metric may be positively related to volatility we create a measure based
on the Reversal but removing the reversals caused by volatility to isolate the reversals that

are due to manipulation. Since closing price manipulation usually occurs in the upward

direction (Comerton-Forde and Putning, 2011al), we construct our second key metric of in-

tegrity, Reversal Asymmetry, which measures the extent to which the reversals occur

disproportionately for positive closing returns for security 7, in month m:

mean(Reversal™)

Reversal Asymmetry; , =

19
mean(Reversalt) + mean(Reversal™) (19)
where Reversal™ and Reversal™ are defined in Equation and respectively. We
expect the Reversal Asymmetry measure to decrease in the post-event period if the intro-
duction of a closing auction reduces closing price manipulation. For robustness, we construct

an alternative measure of Reversal and Reversal Asymmetry by substituting Price%idday by

Price V¥ in Equations and . Price V" is the daily volume weighted average

price during the continuous trading session and the closing auction, if there is one.

Lastly, we use the probability index of closing price manipulation of (Comerton-Forde

and Putnins

(2011a) as our last key metric of market integrity. Using a sample of prose-

cuted manipulation cases, the authors identify four trading variables that are systematically

affected by closing price manipulation: closing returns, trading frequency, spreads, and re-

turn reversals. Consistent with Comerton-Forde and Putning| (2011a)) we calculate Return
Reversal following equation , Closing Spread following equation and Closing Returns

as the natural logarithm of security 4’s closing price divided by its midpoint at the closeEl

To remove time- and stock-specific effects we use the difference-in-difference technique

adopted by Comerton-Forde and Putnins (2011a)). Each stock’s daily observation is compared

against a benchmark period of 42 trading days lagged by 250 trading days (approximately

one year), which ensures that each stock’s daily observation in the post-event period is always

compared to a benchmark day in the pre-event period. Again following |Comerton-Forde and|

| 22We exclude trading frequency from the calculation of the index because, for markets with closing auc-|
tions, it becomes a redundant indicator, given that all trading takes place simultaneously at the uncross. |

I ol |




Putnins (2011a), we standardize the difference-in-difference indicators against the security’s
prior trading characteristics using sign statistics. The sign statistic controls for changes in a
stock’s day-end variable patterns over time and prevents relatively illiquid and volatile stocks

form being unduly penalized by the manipulation index measure:

ny —n-

S; ==

(20)
where S; is the sign statistic for variable j (returns, reversals, and spreads) and ny (n_)
represents the number of positive (negative) differences between the stock’s day-end variable
and a 42-trading day benchmark ending 250 days prior to day t. Therefore, a stock’s sign
statistic is bound between 421 and -21. A sign statistic of -21 indicates the value of the
underlying variable is lower than all the observations in the benchmark period; a sign statistic
of +21 indicates the value of the underlying variable is higher than all the observations
in the benchmark period. The sign statistics are expected to be significantly positive for

manipulated stock-days and zero, on average, otherwise.ﬁ

From the sign statistics we compute the Manipulation Index similar to (Comerton-
Forde and Putnins (2011a):

1
1 _|_ e~ (_7-5+4Sreturn +4Srevcrsal+4sspread)

ManipulationIndex = (21)
where Syeiurn, Sreversal, and Sgpreqd are the stock-day sign statistics for the stock’s Clos-
g Returns, Return Reversal, and Closing Spread. To compute the manipulation index,
Comerton-Forde and Putning (2011a) estimate a logistic regression using data from prose-
cuted cases of closing price manipulation to obtain the factor loadings for each of the four
variables and generate a stock-day index for the probability of closing price manipulation.
While the methodology by (Comerton-Forde and Putnins (2011a)) is calibrated for the US and
Canadian equity markets, our analysis uses global data from 45 markets. To avoid biasing
the results for, or against the US and Canadian markets, we use instead equal factor loadings

for each of the index components for our key metric.

If closing auctions makes it more difficult, costly, and risky for manipulators to affect
the closing price, we expect the manipulation index to have a negative relation with the

introduction of a closing auction.

Z3Comerton-Forde and Putning (2011a) also remove any market wide trends by taking the difference
between the stock-day sign statistic and the market wide sign statistic for that day. However, our analysis
aims to capture changes in market wide manipulation and then relate it to changes in the closing price
mechanism. We therefore skip this step in constructing the manipulation index.
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Finally, for robustness, we use two alternative specifications of the Manipulation Index
developed by |Comerton-Forde and Putnins (2011a)). The first one, the Original Manipulation
Indez, uses as input to construct the index the four original coefficients used in
Forde and Putning (2011a). The second one, Simple Manipulation Indez, excludes trading

frequency as one of the coefficients given that in the auction all trading takes place simulta-

neously. The metrics are calculated as follows:

1
Original Manipulation Index = 22
g p 1 —|— 6_(_7'5+4-23T6turn+3-65reversal+8-5Sfrequency+1-Ssspread) ( )
1
. fied M . . I _ 9
Simplified Manipulation Index TR e vw— Y —— (23)
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Figure 1: Types of closing mechanisms

This figure illustrates the three alternative mechanisms that are used to end the trading day. Panel A depicts
the structure of a last-trade mechanism, where the closing price is based on the price of the last trade in the
continuous trading session. Panel B shows the functioning of on-close facilities. When an on-close facility
is in place, the continuous trading session runs parallel to the batch facility, where market-on-close (MOC)
and limit-on-close (LOC) orders may be entered until a pre-specified time before the close where the order
imbalance is disseminated. From that time on, only offsetting orders can be placed to counteract any buy-
sell imbalances. Panel C presents the structure of a call auction together with its possible design features.
The non-trade batching phase of the call auction starts immediately after the end of the continuous trading
session. Liquidity is consolidated during this phase. If transparent, the batching phase depicts order book
and indicative price information to market participants and if flexible, traders have the ability to modify
and cancel their orders. The batching phase may also incorporate stabilization systems such as volatility
extensions, which extend the duration of the batching period if the closing price would otherwise fall outside
a certain threshold. Orders are executed at the same point in time, the uncross, at a single closing price
that balances supply and demand. The uncross time may be randomized, in which case the closing time falls
within a pre-specified interval of time.
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Figure 2: Evolution of closing mechanisms
This figure presents the evolution from 1996 until 2014 of the closing mechanism in place across the 45
markets of our sample.
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Table 3: Selection Equation

This table presents estimates from the probit model of the likelihood an exchange introduces a call auction
as its closing mechanism. The dependent variable Call is a dummy variable equal to one if the exchange
introduces a closing call auction and 0 otherwise. The variable Volume is the lagged average dollar traded
volume per stock. Developed is a dummy variable that equals one for exchanges that belong to developed
countries and zero for emerging. Number of Stocks is the lagged number of stocks in an exchange. Ezchange
Liquidity is computed as the lagged average closing spread of all stocks in an exchange on a certain day
and FExchange Efficiency as the lagged average intraday volatility of all stocks in an exchange on a certain
day. Furope, Middle Fast - Africa, North America and South America are the exchanges’ regions, with the
omitted category being Asia-Pacific. Standard errors are corrected by double clustering by stock and time
and are reported in parentheses. *** ** and * indicate statistical significance at the 1%, 5%, and 10%
levels, respectively.

Call
Intercept —0.44°7*
(0.037)
Volume 0.009**
(0.002)
Developed 0.291**
(0.022)
Number Of Stocks 0.0001**
(0.0001)
Exchange Liquidity 0.0003***
(0.00005)
Exchange Efficiency —1.984**
(0.485)
FEurope 0.062**
(0.028)
Middle Fast - Africa —0.112%
(0.026)
North America —5.254**
(0.036)
South America —0.103**
(0.043)
Observations 11,025,277
R? 0.087
Note: p<0.1; *p<0.05; **p<0.01
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Table 4: Impact of closing batch mechanisms on market liquidity for the full sample

This table reports the estimated effects on liquidity of introducing batch facilities with certain design features
to end the trading day. The estimates are from a fixed effects regression model that incorporates selection-
corrected inverse Mills Ratios to estimate the impacts of closing call auctions and on-close facilities relative
to last-trade mechanisms. The regression includes stock fixed effects and time fixed effects and is estimated
for four different dependent variables Y that capture different aspects of market liquidity. TWCS is the
time weighted closing spread in basis points during the last two hours of the continuous trading session.
Effective Spread is the value weighted effective spreads in basis points during the last two hours of trading
considering the auction trades. Value measures the total daily turnover, including the closing auction, and is
standardized by the average daily turnover during the four year sample period. Closing Impact is the last two
hour return of the trading session relative to the turnover during the same time period, including the auction,
in basis points. Call and Onclose are dummy variables equal to one if the market operates a call auction
or an on-close facility, respectively, or zero otherwise. Rand, Stab, Flex and Trans are dummy variables
equal to one if the market operates a call auction that includes a randomized closing time, integrates a price
stabilization mechanism, permits order flexibility, or is transparent, respectively. Each dummy is set to zero
in the absence of the feature. Standard errors are corrected by double clustering by stock and time and
are reported in parentheses. *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels,
respectively.

TWCS Effective Value Closing
Spread Impact
Call —13.300* —11.700** 0.135%* 0.002
(7.431) (2.486) (0.031) (0.002)
Onclose 32.350™** —4.099 —0.233"* 0.009***
(7.095) (3.052) (0.029) (0.002)
Call x Rand —17.080** —-3.711 0.371** —0.004***
(7.516) (2.784) (0.023) (0.002)
Call x Stab —53.780™* —12.540"* 0.204** —0.006***
(6.551) (2.156) (0.021) (0.001)
Call x Flex —36.410"** —13.460** —0.093*** —0.017*
(8.264) (2.959) (0.028) (0.002)
Call x Trans 107.300*** 33.780** —0.484** 0.027**
(8.713) (3.090) (0.024) (0.002)
Mills Ratio —1,092.000*** —131.500*** —2.789** 0.061**
(57.920) (18.500) (0.236) (0.010)
Stock and Time FE Yes Yes Yes Yes
Observations 9,893,219 7,806,021 9,021,081 7,763,722
Adjusted R? 0.619 0.508 0.085 0.405

Note:
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Table 5: Impact of closing batch mechanisms on price efficiency for the full sample

This table reports the estimated effects on price efficiency of introducing batch facilities with certain design
features to end the trading day. The estimates are from a fixed effects regression model that incorporates
selection-corrected inverse Mills Ratios to estimate the impacts of closing call auctions and on-close facilities
relative to last-trade mechanisms. The regression includes stock fixed effects and time fixed effects and is
estimated for four different dependent variables Y that capture different aspects of price efficiency. Intraday
Volatility is the daily high-low spread relative to the high-low midpoint standardized by the average intraday
volatility during the sample period. Amihud VR is the variance ratio introduced by |Amihud and Mendelson:
(1987)) using close-to-close returns relative to open-to-open returns. Delay is the short-term predictability
measure introduced by Hou and Moskowitz (2005). LoMacKinlay VR is the variance ratio of 1-day and
3-day close-to-close returns introduced by |Lo and MacKinlay| (1988). Call and Onclose are dummy variables
equal to one if the market operates a call auction or an on-close facility, respectively, or zero otherwise.
Rand, Stab, Flex and Trans are dummy variables equal to one if the market operates a call auction that
includes a randomized closing time, integrates a price stabilization mechanism, permits order flexibility, or
is transparent, respectively. Each dummy is set to zero in the absence of the feature. Standard errors are
corrected by double clustering by stock and time and are reported in parentheses. *** ** and * indicate
statistical significance at the 1%, 5%, and 10% levels, respectively.

Intraday Amihud Delay LoMacKinlay
Volatility VR VR
Call —0.053*** 0.040 0.010 —0.002
(0.015) (0.027) (0.016) (0.007)
Onclose —0.081*** 0.047* —0.021 0.013**
(0.013) (0.025) (0.014) (0.006)
Call x Rand 0.094*** —0.040** —0.043*** —0.010*
(0.012) (0.019) (0.011) (0.005)
Call x Stab 0.042** —0.046*** —0.014 —0.006
(0.012) (0.017) (0.010) (0.004)
Call x Flex —0.047*** 0.011 —0.027** 0.002
(0.015) (0.026) (0.013) (0.006)
Call x Trans —0.023 0.039* 0.052*** 0.012*
(0.015) (0.021) (0.014) (0.005)
Mills Ratio 1.667** 0.787** —0.701*** 0.006
(0.116) (0.263) (0.130) (0.070)
Stock and Time FE Yes Yes Yes Yes
Observations 9,019,394 417,139 416,975 445,529
Adjusted R? 0.055 0.115 0.280 0.119
Note: *p<0.1; *p<0.05; **p<0.01
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Table 6: Impact of closing batch mechanisms on market integrity for the full sample

This table reports the estimated effects on market integrity of introducing batch facilities with certain design
features to end the trading day. The estimates are from a fixed effects regression model that incorporates
selection-corrected inverse Mills Ratios to estimate the impacts of closing call auctions and on-close facilities
relative to last-trade mechanisms. The regression includes stock fixed effects and time fixed effects and is
estimated for three different dependent variables Y that capture different aspects of market integrity. Reversal
is the largest reversal of close to same day or next day midpoint return, measured in basis points. Reversal
Asymmetry measures the extent to which the reversals occur disproportionally on the upside. Manipulation
Index represents the probability of manipulation and is based on the metric by |Comerton-Forde and Putnins
(2011a)). Call and Onclose are dummy variables equal to one if the market operates a call auction or an on-
close facility, respectively, or zero otherwise. Rand, Stab, Flex and Trans are dummy variables equal to one
if the market operates a call auction that includes a randomized closing time, integrates a price stabilization
mechanism, permits order flexibility, or is transparent, respectively. Each dummy is set to zero in the absence
of the feature. Standard errors are corrected by double clustering by stock and time and are reported in
parentheses. *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels, respectively.

Reversal Reversal Manipulation
Asymmetry Index
Call —6.030** —0.013 —0.082***
(1.408) (0.010) (0.012)
Onclose 4.356** 0.011 0.021**
(1.451) (0.009) (0.009)
Call x Rand —1.474 —0.002 0.003
(1.434) (0.009) (0.011)
Call x Stab —2.379* —0.024*** —0.090***
(1.167) (0.007) (0.009)
Call x Flex —5.838*** —0.026™* 0.041**
(1.440) (0.010) (0.013)
Call x Trans 14.557* 0.059*** 0.074*
(1.494) (0.010) (0.011)
Mills Ratio —16.608* 0.149 0.291**
(9.526) (0.114) (0.065)
Stock and Time FE Yes Yes Yes
Observations 8,773,504 482,388 3,599,655
Adjusted R? 0.211 0.174 0.087

Note:
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Table 9: Impact of closing batch mechanisms on market integrity for developed markets

This table reports the estimated effects on market integrity of introducing batch facilities for both liquid (first
three columns) and illiquid stocks (last three columns) in developed markets. The estimates are from a fixed
effects regression model that incorporates selection-corrected inverse Mills Ratios to estimate the impacts
of closing call auctions and on-close facilities relative to last-trade mechanisms. The regression includes
stock fixed effects and time fixed effects and is estimated for three different dependent variables Y that
capture different aspects of market integrity. Reversal is the largest reversal of close to same day or next day
midpoint return, measured in basis points. Reversal Asymmetry measures the extent to which the reversals
occur disproportionally on the upside. Manipulation Inder represents the probability of manipulation and
is based on the metric by |(Comerton-Forde and Putning (2011a)). Call and Onclose are dummy variables
equal to one if the market operates a call auction or an on-close facility, respectively, or zero otherwise.
Rand, Stab, Flex and Trans are dummy variables equal to one if the market operates a call auction that
includes a randomized closing time, integrates a price stabilization mechanism, permits order flexibility, or
is transparent, respectively. Each dummy is set to zero in the absence of the feature. Standard errors are
corrected by double clustering by stock and time and are reported in parentheses. *** ** and * indicate
statistical significance at the 1%, 5%, and 10% levels, respectively.

Liquid Stocks

Illiquid Stocks

Reversal Reversal  Manipulation  Reversal Reversal ~ Manipulation
Asymmetry Index Asymmetry Index
Call —7.693* 0.058*** 0.155*** —b5.587* 0.047+** 0.119***
(4.298) (0.017) (0.025) (3.096) (0.017) (0.030)
Onclose 2.348 —0.008 —0.002 3.852** 0.041*** —0.030**
(2.042) (0.014) (0.013) (1.935) (0.012) (0.013)
Call x Rand —12.653*** —0.039** —0.074***  —11.079*** —0.031** —0.057**
(4.313) (0.015) (0.020) (2.990) (0.012) (0.028)
Call x Stab 0.173 —0.042*** —0.196*** 1.304 —0.017 —0.110%**
(3.008) (0.012) (0.016) (2.318) (0.011) (0.017)
Call x Flex —3.029 —0.055"** —0.193*** —5.104* —0.081*** —0.046
(2.686) (0.018) (0.030) (2.749) (0.018) (0.031)
Call x Trans 21.710%** 0.052** 0.155%** 15.678*** 0.094*** 0.023
(5.175) (0.025) (0.030) (3.548) (0.021) (0.034)
Mills Ratio —27.818 0.080 —0.144 —62.832%** 0.388** 0.589***
(18.030) (0.202) (0.103) (15.201) (0.156) (0.109)
Stock and Time FE Yes Yes Yes Yes Yes Yes
Observations 2,557,052 130,097 1,128,181 2,657,097 149,361 1,000,753
Adjusted R? 0.189 0.161 0.096 0.191 0.185 0.079

Note:
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*p<0.1; **p<0.05; ***p<0.01
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Table 12: Impact of closing batch mechanisms on market integrity for emerging markets

This table reports the estimated effects on market integrity of introducing batch facilities for both liquid (first
three columns) and illiquid stocks (last three columns) in emerging markets. The estimates are from a fixed
effects regression model that incorporates selection-corrected inverse Mills Ratios to estimate the impacts
of closing call auctions and on-close facilities relative to last-trade mechanisms. The regression includes
stock fixed effects and time fixed effects and is estimated for three different dependent variables Y that
capture different aspects of market integrity. Reversal is the largest reversal of close to same day or next day
midpoint return, measured in basis points. Reversal Asymmetry measures the extent to which the reversals
occur disproportionally on the upside. Manipulation Inder represents the probability of manipulation and
is based on the metric by |Comerton-Forde and Putnins (2011a). Call is a dummy variable equal to one if
the market operates a call auction or zero otherwise. Rand, Stab, Flex and Trans are dummy variables
equal to one if the market operates a call auction that includes a randomized closing time, integrates a price
stabilization mechanism, permits order flexibility, or is transparent, respectively. Each dummy is set to zero
in the absence of the feature. Standard errors are corrected by double clustering by stock and time and

are reported in parentheses. *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels,
respectively.
Liquid Stocks Illiquid Stocks
Reversal Reversal ~ Manipulation  Reversal Reversal ~ Manipulation
Asymmetry Index Asymmetry Index
Call —18.319*** —0.121*** —0.104***  —44.982*** —0.120*** —0.045
(4.598) (0.031) (0.039) (7.195) (0.028) (0.039)
Call x Rand 18.693*** 0.106*** 0.153*** 12.765%** 0.064*** 0.102***
(2.785) (0.023) (0.020) (3.583) (0.018) (0.021)
Call x Stab —6.956** —0.008 —0.105*** —8.295% —0.009 0.007
(2.908) (0.019) (0.026) (4.538) (0.017) (0.024)
Call x Flex —5.206 0.030 —0.035 15.227** 0.045* —0.024
(4.287) (0.026) (0.036) (6.608) (0.024) (0.038)
Call x Trans 19.623*** —0.008 0.126*** 26.518"** 0.031 0.028
(2.887) (0.025) (0.022) (4.542) (0.019) (0.023)
Mills Ratio 72.326** 0.130 0.7447** 74.584** 0.268 1.199***
(19.984) (0.216) (0.123) (25.322) (0.177) (0.109)
Stock and Time FE Yes Yes Yes Yes Yes Yes
Observations 1,697,832 88,371 798,770 1,893,774 114,559 671,951
Adjusted R? 0.182 0.182 0.137 0.250 0.206 0.109
Note: *p<0.1; **p<0.05; ***p<0.01
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