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Abstract

Liquidity plays an important role in global research. We identify high-quality liquid-
ity proxies based on low-frequency (daily) data, which provide 1,000x to 10,000x
computational savings compared to computing high-frequency (intraday) liquidity
measures. We find that: (i) Closing Percent Quoted Spread is the best monthly
percent-cost proxy when available, (ii) Amihud, Closing Percent Quoted Spread
Impact, LOT Mixed Impact, High-Low Impact, and FHT Impact are tied as the best
monthly cost-per-dollar-volume proxy, (iii) the daily version of Closing Percent
Quoted Spread is the best daily percent-cost proxy, and (iv) the daily version of
Amihud is the best daily cost-per-dollar-volume proxy.
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1. Introduction

Rapidly expanding global research analyzes the connection between monthly market liquidity

and global asset pricing,! global corporate finance,” and global market microstructure.®

* We thank seminar participants at the China International Conference in Finance, Hong Kong
University, Hong Kong University of Science and Technology, Indiana University, Michigan State
University, University of New South Wales, University of Sydney Microstructure Meeting,
University of Technology, Sydney, and University of Wisconsin, Milwaukee, Burton Hollifield (the
editor), and an anonymous referee. We are solely responsible for any errors.

1 See Stahel (2005), Liang and Wei (2006), Bekaert, Harvey, and Lundblad (2007), Chan, Jain, and Xia
(2008), Griffin, Kelly, and Nardari (2010), Hearn, Piesse, and Strange (2010), Griffin, Hirschey, and
Kelly (2011), Lee (2011), Asness, Moskowitz, and Pedersen (2013), and Bekaert et al. (2014).

2 See Bailey, Karolyi, and Salva (2006), LaFond, Lang, and Skaife (2007), Lang, Lins, and Maffett
(2012), and Hearn (2014).

3 See Jain (2005), Levine and Schmukler (2006), Henkel, Jain, and Lundblad (2008), Henkel (2008),
DeNicolo and Ivaschenko (2009), and Clark (2011).
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Further global research analyzes daily liquidity,* including: (i) the pricing of daily liquidity
risk, (ii) the impact of firm announcements and regulatory changes on daily liquidity, (iii) the
interaction between daily market liquidity and daily funding liquidity, (iv) the determinants
of daily liquidity, and (v) the commonality of daily liquidity across countries. All of this litera-
ture faces great difficulty in trying to compute standard measures of liquidity for a global
sample of stocks using intraday trade and quote data, because global intraday data (i) is rela-
tively expensive and (ii) is very large and growing exponentially over time. As an example of
the later point, the primary intraday sample used in this article has 8.0 billion trades and 17.7
billion quotes, and is growing at a 32.8% compound annual growth rate.® This exponential
growth rate of intraday data has kept pace with the exponential growth rate of computer
power.® Thus, it will continue to be very difficult to compute liquidity for a global sample
based on intraday data for the foreseeable future.

A recent literature proposes the use of low-frequency (monthly and daily) liquidity prox-
ies that can be calculated from daily data. These liquidity proxies offer the (globally un-
tested) potential benefit of well-capturing intraday-based liquidity benchmarks and an
enormous savings in computational time compared to using intraday data. New liquidity
proxies continue to be developed. Corwin and Schultz (2012) develop the High-Low
percent-cost proxy and find that it performs better in US data than any other proxy that
they test. Chung and Zhang (2014) develop the Closing Percent Quoted Spread percent-
cost proxy and find that it generally, but not always,” performs better in US data than any
other proxy that they test. Neither paper tests these two proxies against each other. We de-
velop a new percent-cost proxy, FHT, which simplifies the existing LOT Mixed measure. It
is easy to implement yet retains the core elements of LOT Mixed. Our goal in this article is
to identify the best liquidity proxies for global research.

To get a feel for the approximate magnitude of computation savings, we estimate the
ratio of high-frequency data points to low-frequency data points.® In our sample, this ratio
starts at 42x in 1996, rises to 962x by 2007, and reaches 12,616 x in 2014. Undoubtedly,

4 Bhattacharya et al. (2000), Attig, Gadhoum, and Lang (2003), Gomez-Puig (2006), Gersl and
Komarkov (2009), Erten and Okay (2012), Karolyi, Lee, and Van Dijk (2012), Beber and Pagano (2013),
and Lee, Tseng, and Yang (2014).

5 To determine the compound annual growth rate, we select the twenty most active stocks on the
thirty-seven exchanges for which we have data in 1996 and compare to the twenty most active
stocks on the same exchanges in 2007. The quantity of trades and quotes is 22.7 times larger in
2007 than 1996, which translates into a 32.8% annual growth rate.

6 Hennessy and Patterson (2012) report a 31.0% compound annual growth rate of computer power.
Specifically, they report that CPU performance based on the SPECint benchmark for the fastest
personal computer available each year grew at a 52% annual growth rate from 1986 to 2002 and
then slowed to a 20% rate post-2002.

7 In sharp contrast to the rest of their results, they find that for NYSE/AMEX stocks from 1993 to 1996
the Closing Percent Quoted Spread has a — 0.5073 time-series correlation with intraday effective
spread. This result demonstrates there is no strictly mechanical reason why Closing Percent
Quoted Spread must be highly correlated with intraday effective spread.

8 Specifically, we estimate: ratio = (high-frequency data points) / (low-frequency data points) = (high-
frequency quotes + trades) / (2*Number of stock-days). We multiple the denominator by two, be-
cause liquidity proxies use up to two data points per stock-day. Depending on the particular liquidity
proxy being computed, the two data points might be price and volume, high and low price, or closing
bid and ask.
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the computation savings will continue to grow larger in the years ahead as intraday data
continues to grow exponentially versus a linear growth rate in daily data.

Given the enormous computational savings and the potential benefit, low-frequency li-
quidity proxies have been widely adopted by researchers, including all of the global studies
mentioned in the introductory paragraph. Considering that “market liquidity” is a multidi-
mensional concept, there are two major categories of low-frequency liquidity proxies. First
are “percent-cost” liquidity proxies, which represent the transaction cost required to exe-
cute a small trade. Second are “cost-per-dollar-volume” liquidity proxies, which represent
marginal transaction costs per US dollar of volume. They are useful for assessing the mar-
ginal cost of trading an additional dollar amount of a large trade.” Of the twenty papers
using monthly proxies mentioned above, thirteen use percent-cost proxies and thirteen use
cost-per-dollar-volume proxies.

Our research design is to compare liquidity proxies to accurate liquidity benchmarks
computed using more than a decade of global intraday data. Our primary sample contains
8.0 billion trades and 17.7 billion quotes representing 24,240 firms on 42 exchanges
around the world from January 1996 to December 2007. Our secondary sample contains
1.8 billion trades and 14.7 billion quotes representing thirty firms per exchange listed on
forty-two exchanges around the world from January 2008 to December 2014. Specifically,
we evaluate ten monthly percent-cost proxies relative to four monthly percent-cost bench-
marks: percent effective spread, percent quoted spread, percent realized spread, and percent
price impact. These benchmarks are standard measures of liquidity from the microstructure
literature. We examine thirteen monthly cost-per-dollar-volume proxies relative to a
monthly cost-per-dollar-volume benchmark: the slope of the price function, which is often
called “lambda” by reference to the same concept in Kyle (1985).

We also test liquidity proxies at the daily frequency. Most liquidity proxies require a
reasonable sample size in order to yield reliable results and thus cannot be meaningfully
updated at the daily frequency in a responsive'® manner. However, we are able to examine
two daily percent-cost proxies relative to the daily version of the same four percent-cost
benchmarks and four daily cost-per-dollar-volume proxies relative to daily lambda.

At both monthly and daily frequencies, we test the proxies using four performance di-
mensions: (i) higher average cross-sectional correlation with the benchmarks, (ii) higher
portfolio time-series correlation with the benchmarks, (iii) higher individual stock time-
series correlation with the benchmarks, and (iv) lower average root mean squared error
(RMSE) relative to the benchmarks. We find that: (i) Closing Percent Quoted Spread is the
best monthly percent-cost proxy when available, (ii) Amihud, Closing Percent Quoted

9 The two categories are apples and oranges, because they are measured in different units and are
on different numerical scales. Percent-cost proxies and benchmarks are unit-less measures (i.e.,
they are measured in percent). Cost-per-dollar-volume proxies and benchmarks are denominated
in percent-cost per dollar-of-volume (i.e., %/8). In our sample, all of the percent-cost benchmarks
are relatively similar in magnitude and all of them are 10x to 10,000 larger than the correspond-
ing cost-per-dollar-volume benchmark. Thus, we strictly compare proxies in one category against
benchmarks in the same category.

10 For instance, proxies such as Roll and LOT require at least five daily returns observations to yield
a model estimate; Effective Tick requires a distribution of closing prices. Implementing these prox-
ies at daily frequency can only be achieved by using a many-days-long window of data and rolling
it forward one day at a time with the bulk of the past data driving the current-day estimate.
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Spread Impact, LOT Mixed Impact, High-Low Impact, and FHT Impact are tied as the
best monthly cost-per-dollar-volume proxy, (iii) the daily version of Closing Percent
Quoted Spread is the best daily percent-cost proxy, and (iv) the daily version of Amihud is
the best daily cost-per-dollar-volume proxy. If Closing Percent Quoted Spread is not suffi-
ciently available for a given research purpose, we find that the High-Low and FHT proxies
are the next best monthly percent-cost proxies.

Specifically, we find that for both the monthly and daily frequencies Closing Percent
Quoted Spread has the highest correlations with percent effective spread, percent quoted
spread, percent realized spread, and percent price impact. It provides significant perform-
ance gains over the monthly proxies that global research has used to date (Zeros, LOT
Mixed, etc.). For example, the global average cross-sectional correlation between monthly
Zeros and monthly percent effective spread is 0.406. The corresponding correlation for
Closing Percent Quoted Spread is 0.799. At both frequencies, Closing Percent Quoted
Spread also does the best job of capturing the level of percent effective spread and percent
quoted spread. At both frequencies, High-Low does the best job of capturing the level of
percent realized spread and percent price impact. These are the first findings at the daily fre-
quency that liquidity proxies can perform well, which both validates existing research (see
footnote 4) and lays the foundation for further daily liquidity studies.

We find that five best monthly cost-per-dollar-volume proxies (Amihud, Closing
Percent Quoted Spread Impact, LOT Mixed Impact, High-Low Impact, and FHT Impact)
are highly correlated with monthly lambda, but do not capture its level. We find that the
daily version of Amihud is highly correlated with daily lambda, but does not capture its
level.!!

High-frequency liquidity measures are used as our benchmarks throughout the art-
icle, but we recognize some qualifications in doing this. In particular, the high-frequency
cost-per-dollar-volume measure lambda may be noisy. Further, it is possible that some low-
frequency measures may pick up relevant facets of liquidity that the high-frequency meas-
ures miss. Therefore, our identification of the “best liquidity proxies” should be interpreted
with caution.

We extend previous liquidity proxy research such as Lesmond (2005) and Goyenko,
Holden, and Trzcinka (2009) by including new proxies that have not been tested against
one another (High-Low, Closing Percent Quoted Spread, and FHT), by including the daily
liquidity proxy that has never been examined, by including new markets, and by introduc-
ing a new proxy evaluation criteria: stock-level time-series correlation that addresses liquid-
ity proxy performance requirements of stock-level studies. We also contribute to the
literature by examining the characteristics of a relatively new global intraday equity data-
set: Thomson Reuters Tick History (TRTH). We examine how well our TRTH sample
matches with Datastream (i.e., matching security identifiers and matching prices) and find
that we can match 84.7% of Datastream stock-years from 1996 to 2007. We also compare
TRTH’s intraday data to Bloomberg’s intraday data. For a random sample of fifty stocks
per exchange in December 2011, we found the difference between Bloomberg and TRTH

11 For US research at both frequencies covering 1993 to present, the Supplementary Appendix pro-
vides a bonus result is that Closing Percent Quoted Spread is the best percent-cost proxy. For US
research at the monthly frequency, High-Low is the best percent-cost proxy available before 1993
and, indeed, it goes all the way back to 1926.
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percent effective spreads to be 0.07% and the correlation between Bloomberg and TRTH
percent effective spreads to be 99.19%. We report the median ratio of the sum of intraday
share volume reported by TRTH divided by the share volume reported by Datastream per
stock per day. We find that 91% of the exchange-year ratios are exactly 100% and 97% of
the exchange-year ratios are in the range (95%, 102%). Combining all of this evidence, we
conclude that TRTH is a high-quality, reliable dataset for global research.

The article is organized as follows. Section 2 explains the high-frequency benchmarks.
Section 3 introduces a new low-frequency proxy. Section 4 describes the data and our
analysis of the TRTH dataset. Section 5 presents monthly percent-cost results. Section 6
presents monthly cost-per-dollar-volume results. Section 7 presents monthly robustness
checks by time period and developed versus emerging countries. Section 8 presents daily
percent-cost results. Section 9 present daily cost-per-dollar-volume results. Section 10
concludes. The Appendix summarizes the formulas for the low-frequency proxies from
the existing literature. An Online Supplementaty Appendix provides additional robust-
ness checks.

2. High-Frequency Benchmarks

The liquidity benchmarks that we study include percent-cost benchmarks, which measure
small-trade transaction costs as a percentage of the price, and a cost-per-dollar-volume
benchmark, which captures the marginal transaction costs per US dollar of volume. We
analyze four high-frequency percent-cost benchmarks and one high-frequency cost-per-dol-
lar-volume benchmark.

2.1 Percent-Cost Benchmarks
Our first percent-cost benchmark is percent effective spread. For a given stock, the percent
effective spread on the k-th trade is defined as

Percent Effective Spread, = 2D, (In(P;) — In(My)), (1)

where Dy, is an indicator variable that equals +1 if the k-th trade is a buy and —1 if the k-th
trade is a sell, Py, is the price of the k-th trade, and My, is the midpoint of the consolidated
BBO prevailing immediately prior to the time of the k-th trade (i.e., 1 second prior or
1 millisecond prior depending on the unit of time used by each exchange’s time-stamp).
Aggregating over period (day or month) i, a stock’s Percent Effective Spread; is the volume-
weighted'? average of Percent Effective Spread, computed over all trades in period i.

Our second percent-cost benchmark is percent quoted spread. For a given time interval s,
the percent quoted spread is defined as

Percent Quoted Spread, = (Ask; — Bid;)/((Asks + Bid;)/2) (2)

where Ask, is the best ask quote and Bid, is the best bid quote in that time interval. Over
period i, the stock’s Percent Quoted Spread,; is the time-weighted average of Percent Quoted
Spread; computed over all time intervals in the period.

12 We compute the volume weights in local currency, but we would get the identical weights if we
converted both the numerator and denominator to US dollars. We follow the same approach
when aggregating Percent Realized Spread and Percent Price Impact (both defined below).
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Our third percent-cost benchmark is the percent realized spread, which is the temporary
component of the spread (Huang and Stoll, 1996). For a given stock, the percent realized
spread on the k-th trade is

Percent Realized Spread, = 2D, (In(P;) — In(Mgys)), (3)

where M, 5)is the midpoint 5 min after the k-th trade and Dy, is the buy—sell indicator variable
as defined above. We follow the Lee and Ready (1991) method, which specifies that a trade is a
buy when P, > M, is a sell when P, < M, and the tick test is used when P, = M. The tick
test specifies that a trade is a buy (sell) if the most recent prior trade at a different price was at a
lower (higher) price than Pj. Aggregating over period 7, a stock’s Percent Realized Spread, is the
volume-weighted average of Percent Realized Spread;, computed over all trades in period i.

Our fourth percent-cost benchmark is percent price impact, which is the permanent
component of the spread (Huang and Stoll, 1996). For a given stock, the percent price im-
pact on the k-th trade is

Percent Price Impact, = 2D (In(Mp,s) — In(My)). (4)

For a given stock aggregated over a period i, the Percent Price Impact; is the volume-
weighted average of Percent Price Impact;, computed over all trades in period i.

2.2 Cost-per-Dollar-Volume Benchmarks

Our cost-per-dollar-volume benchmark is A, which is the slope of the price function. We
follow Goyenko, Holden, and Trzcinka (2009) and Hasbrouck (2009), and calculate 1 as
the slope coefficient of

Ty =A-S, +u,, ()

where for the z-th 5 min period, 7, is the stock return, S, =", Sign(vg,)\/|[Vkn| is the
signed square root of US dollar volume, vy, is the signed US dollar volume of the k-th trade
in the 7-th 5 min period, and u, is the error term.

3. Low-Frequency Proxies

We analyze ten monthly percent-cost proxies and thirteen monthly cost-per-dollar-volume
proxies computed from low-frequency (daily) data. Most of the low-frequency proxies re-
quire a number of daily observations to compute because they require statistics such as
daily return variance and the proportion of zero return days or they require regression or
maximum likelihood estimation. Hence, the liquidity proxy literature has been focusing on
evaluating monthly and annual proxies as well as applying filters such as a minimum of ten
nonzero return days in a month. While most proxies cannot be computed on a daily basis
other than using an incremental approach of moving a large window 1 day at a time, a few
liquidity proxies can be meaningfully updated and we evaluate them as daily proxies.

We begin with a description of the monthly proxies that we use in the study. We follow
with a description of the daily proxies and how we handle situations where the value of a
proxy cannot be computed.

3.1 Monthly Percent-Cost Proxies
Nine of the ten percent-cost proxies that we analyze are from the prior literature:
“Roll”from Roll (1984); “LOT Mixed” and “Zeros” from Lesmond, Ogden, and Trzcinka
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(1999); “LOT Y-Split” and “Zeros2” from Goyenko, Holden, and Trzcinka (2009);
“Effective Tick” from Goyenko, Holden, and Trzcinka (2009) and Holden (2009);
“Extended Roll” from Holden (2009); “High-Low” from Corwin and Schultz (2012); and
“Closing Percent Quoted Spread” from Chung and Zhang (2014).'* We introduce a new
percent-cost proxy, FHT, which is a simplification of the LOT Mixed model. We start by
describing the setup of the LOT Mixed model.

3.1.a The setup of the LOT Mixed Model

Lesmond, Ogden, and Trzcinka (1999) develop a percent-cost proxy based on the idea that
transaction costs cause a distortion in observed stock returns. The LOT Mixed model as-
sumes that the unobserved “true return” of a stock j on day ¢ is given by

Ry = BiRu + &, (6)

where f; is the sensitivity of stock j to the market return R,,; on day # and ¢; is a public in-
formation shock on day z. They assume that ¢;, is normally distributed with mean zero and
variance (r/-z. Let oj < 0 be the percent transaction cost of selling stock j and o > 0 be
the percent transaction cost of buying stock j. Then the observed return Rj; on a stock j is
given by

R =R;
Rjy=0 when og; < R}, < o (7)

— oy when R/*t < o5

R/'t = R;t — 0 when w0 < R;Ft

The LOT Mixed liquidity measure is simply the difference between the percent buying
cost and the percent selling cost:

LOT Mixed = o — o1, (8)

where the model’s parameters are estimated by maximizing a likelihood function.
Goyenko, Holden, and Trzcinka (2009) developed a new version of the measure, which
they called LOT Y-Split, by maximizing the same likelihood function over different spatial
regions (see the Appendix for details).

Both LOT measures contain two core elements: the proportion of zero returns (from
the middle region of Equation (7)) and return volatility. This combination of core
elements enables both LOT measures to outperform either Zeros or return volatility sep-
arately as shown by Goyenko, Holden, and Trzcinka (2009). However, the complexity
and nonanalytic character of the LOT measures open the door to our new liquidity

proxy.

3.1.b FHT

We create a new percent-cost proxy, FHT, by simplifying the LOT model. First, we assume
that transaction costs are symmetric. Let oo = S/2 be the percent transaction cost of buying
a stock and oj; = —S/2 be the percent transaction cost of selling the same stock, where S is

13 We analyze neither the Gibbs measure from Hasbrouck (2004) nor the Holden measure from
Goyenko, Holden, and Trzcinka (2009) and Holden (2009), because both measures are very numer-
ically intensive. Given our large sample, they would be infeasible.
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the round-trip, percent transaction cost. Substituting this assumption into Equation (7) and
suppressing the subscripts, the observed return R on an individual stock is given by

R=R"+ S/2 when R* < —§/2
R=0 when —§/2 < R* < §/2 9)
R=R*—-S§/2 whenS/2 < R*.
Second, we focus on the return distribution of an individual stock and provide no role
for the market portfolio. Specifically, the unobserved “true return” R* of an individual

stock on a single day is assumed to be normally distributed with mean zero and variance
2. Thus, the theoretical probability of a zero return is the probability of being in the mid-

S -S
N(z—o_) —N<E>. (10)

The empirically observed frequency of a zero return is given by the Zeros proxy:

dle region, which is given by

ZRD
z:Zeros:m, (11)

where ZRD =the number of zero returns days, TD =number of trading days, and
NTD =number of no-trade days in a given stock-month. Equating the theoretical probabil-
ity of a zero return to the empirically observed frequency of a zero return, we obtain

S —S
N(%) —N(E) —. (12)

By the symmetry of the cumulative normal distribution, Equation (12) can be rewritten as
S N
) b))

FHT = § = 26N (%) (14)

Solving for S, we obtain

where N71() is the inverse function of the cumulative normal distribution. The FHT meas-
ure is an analytic measure that can be computed 1,000 times faster than LOT, with a single
line of SAS code,'* and using only return data. For example, Marshall, Nguyen, and
Visaltanachoti (2012) are able to compute FHT in commodity markets using only commod-
ity prices. Researchers have already used the FHT measure in recent studies, including
Bundgaard and Ahm (2012), Marshall, Nguyen, and Visaltanachoti (2012, 2013), Edmans,
Fang, and Zur (2013), Karnaukh, Renaldo, and Soderlind (2015), and Schestag, Schuster,
and Uhrig-Homburg (2016).

The intuition of the FHT measure follows from the simple idea that a zero return is the
result of the true return being in-between the upper bound given by the transaction cost for
buying and the lower bound given by the transaction cost for selling. Holding the volatility

14 The one-line SAS code to compute FHT is: Sigma=Std(NonZeroReturns); Zeros=ZeroReturnDays/
TotalDays; FHT = 2*Sigma*Probit((1+Zeros)/2).
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of the true return distribution constant, a greater proportion of zero returns implies wider
bounds and thus a wider spread. Holding the proportion of zero returns constant, a higher
volatility of the true return distribution implies that the transaction cost bounds and bid-
ask spread must be larger in order to achieve the same proportion of zero returns. In sum-
mary, the percent spread is an increasing function of both the proportion of zero returns

and the volatility of the return distribution.

3.2 Monthly Cost-per-Dollar-Volume Proxies

Twelve of the thirteen monthly cost-per-dollar-volume proxies that we study are from the
prior literature: “Amihud”from Amihud (2002), ‘“Pastor and Stambaugh” from Pastor and
Stambaugh (2003), “Amivest” and the Extended Amihud class of proxies from Goyenko,
Holden, and Trzcinka (2009). We test ten versions of the Extended Amihud class of proxies
by dividing ten different percent-cost proxies by the average US dollar value of daily vol-
ume. Nine of these Extended Amihud proxies are from the prior literature: Roll Impact,
Extended Roll Impact, Effective Tick Impact, LOT Mixed Impact, LOT Y-Split Impact,
Zeros Impact, Zeros2 Impact, High-Low Impact, and Closing Percent Quoted Spread
Impact. The tenth version, FHT Impact, is based on dividing our new percent-cost proxy
FHT (defined in Section 3.1.b) by the average US dollar value of daily volume. The
Appendix summarizes the formulas for the low-frequency proxies from the existing
literature.

A key step in making the cost-per-dollar-volume proxies comparable across countries is
converting the local currency value of volume into a common currency unit (i.e., US dol-
lars). Thus, the local currency value of volume is converted to US at the average daily ex-
change rate over the month for monthly measures.

3.3 Daily Liquidity Proxies

We examine the daily version of two percent-cost proxies: High-Low and Closing Percent
Quoted Spread. We examine the daily version of four cost-per-dollar-volume proxies:
Amihud, Amivest, Closing Percent Quoted Spread Impact, and High-Low Impact. The
local currency value of volume is converted to US dollars at the daily exchange rate.

3.4 Trading Activity Filters and Default Value

The computation of most liquidity requires multiple daily observations, hence we impose
two trading activity filters in order to have reliable and consistent proxy estimates. We re-
quire that a stock have at least five positive-volume days and eleven nonzero return days in
the month.

We set up the data such that there is a numerical value for all monthly liquidity proxies.
The only exception that we allow to this policy is for Closing Percent Quoted Spread,
which is available for 85.6% of stock-years in the primary sample (1996-2007) and for
95.2% of stock-years in the secondary sample (2008-14). We set Closing Percent Quoted
Spread variable to missing when quote data is not available in a particular stock-month or
on a particular stock-day. We carefully detail its availability by exchange and over time in
Table TI. The daily sample is based on the stock-days contained within the set of stock-
months that have at least five positive-volume days and eleven nonzero return days. For the
daily liquidity proxy analysis, we also require that both Closing Percent Quoted Spread and

High-Low be nonmissing.
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To elaborate on how we make sure that a numerical value is always available for a
monthly liquidity proxy given the trading activity filters and quote data availability, we
note that seven of the ten percent-cost proxies can always be computed. The three problem-
atic cases are Roll, Extended Roll, and High-Low. For the Roll proxy, the serial correlation
of price changes is supposed to be negative. But if the measured serial correlation is posi-
tive, which would imply an imaginary value for Roll, we assign Roll to be the default value
of zero. This is reasonable approximation since a positive sample serial correlation is most
likely to occur when the true, population value of the serial correlation is very small, which
corresponds to a highly liquid stock. The Extended Roll proxy has the same problem and
same fix as the Roll proxy. For the High-Low proxy, the 2 day volatility is supposed to be
twice the 1 day volatility. But if the measured 2 day volatility is much larger than double
the 1 day volatility, then the High-Low estimate for that 2 day period will be negative. If
this happens for any 2 day period, Corwin and Schultz recommend adjusted the estimate to
a default value of zero. Empirically, the High-Low measure for a month is nearly always
positive, even if the default value of zero is used for some of the 2 day periods within the
month. So the monthly High-Low proxy is nearly always fine. However, the daily High—
Low proxy may yield a negative spread, in which case we set the daily High-Low proxy
equal to the default value of zero.

Similarly, ten of the thirteen monthly cost-per-dollar-volume proxies can always be
computed given the trading activity filters and quote data availability. The three problem-
atic cases are Roll Impact, Extended Roll Impact, and High-Low Impact, where numerator
of these measures inherits the same problems as the Roll, Extended Roll, and High-Low
proxies. The fixes in these three cases are the same as discussed above.

A subtle point regarding the Amihud measure, which is the average of the ratio of abso-
lute return on day ¢ divided by dollar volume on day ¢, is that the average is computed over
positive volume days only. Since our monthly sample selection filter requires at least five
positive volume days, the monthly Amihud measure can always be computed. However, at
the daily frequency, if a given day has zero volume, then daily High-Low, daily Closing
Percent Quoted Spread, and daily Amihud cannot be computed and we treat this observa-
tion as missing. Similarly, daily Amivest has absolute return in the denominator. If the ab-
solute return is zero, then we treat this observation as missing.

4. Data

4.1 Thomson Reuters Tick History
We obtain US intraday trades and quotes data from the New York Stock Exchange Trade
and Quote (TAQ) database and other data such as returns and market capitalization from
the Center for Research in Security Prices (CRSP) and Compustat. We obtain intraday
trades and quotes data of international markets from the TRTH database, and other inter-
national data such as returns, market capitalization, securities level information, and daily
exchange rates from Datastream. Datastream adds high and low prices and bid and ask pri-
ces for a small number of countries beginning in 1987. These variables only become avail-
able for a sizable global sample starting in 1994. TAQ, CRSP, Compustat, and Datastream
are widely used databases, but the TRTH database is relatively new. Hence, we explain the
TRTH database in detail and test how well its data matches Datastream.

The TRTH database is supplied by the Securities Industry Research Centre of Asia-
Pacific (SIRCA). TRTH contains historical Reuters data feeds beginning January 1996 on
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over 5 million instruments from various exchanges. We obtain equity trades and quotes
that are time-stamped to whatever time unit an exchange uses and by Reuters to the
millisecond.

The TRTH equity database is a survivor-bias-free database that covers both active and
inactive stocks. It organizes data by the Reuters Instrument Code (RIC). A “RIC table” in-
cludes information such as asset class (e.g., equity), market, currency denomination, the
first and the last data date, and the International Securities Identification Number (ISIN)
where applicable.’® A company may have a number of RICs that represent different classes
of common shares, preference shares, depository receipts, cross-listings, and securities in
special trading status such as deferred settlement after stock split. In order to create a repre-
sentative sample of RICs of each stock market and to avoid multiple counting, we focus on
one common stock per company, traded in the home country and in the local currency.
TRTH, however, has limited historical coverage of some of these screening variables so we
construct our sample by collecting the securities screening variables from Datastream and
identify the matching RICs for the list of screened Datastream securities identifiers.

Datastream identifies each stock by its DSCODE, which is a unique identifier to a
security-trading venue combination. Each DSCODE is associated with a comprehensive list
of DSCODE information, including, critically, stock split information. We retain only the
DSCODEs with an ISIN, in the local market, traded in the local currency and identified as
“major security” and “primary quote.” These screening criteria lead to one DSCODE per
domestic company per ISIN.

While the TRTH database covers all historically traded symbols on an exchange and
their associated intraday data, matching RICs to other databases is not a trivial task. Our
experience with the RIC table of the standard TRTH database indicates that comprehensive
coverage of ISIN starts from June 2008. Hence, many stocks that became inactive prior to
June 2008 often do not have ISIN information from the RIC table. Our data period starts
from January 1996, so we need additional data and alternative methods to match RICs and
DSCODE:s. To this end, we obtain from SIRCA a RIC-DSCODE listing that SIRCA created
upon our request from two sources of information. The first source of information is a
RIC-DSCODE match list from another commercially available Thomson Reuter database.
The second source of information is SIRCA’s RIC-DSCODE matches based on their histor-
ical ISIN and SEDOL records. This panel data of RIC attributes data allow us to identify
periods in which a RIC is referring to the same attributes, for example, ISIN and company
name. We validate each RIC-DSCODE match by checking two variables. First, we check
that there are at least 12 month end prices with positive monthly volume from the RIC firm
in TRTH and from the DSCODE firm in Datastream. Second, we verify that these TRTH
prices and corresponding Datastream prices match within a 10% range at least 90% of the
time when stated in the original currency.'® Since RIC may refer to different stocks over
time, we use DSCODE as our primary security identifier after merging the data.

15 The RIC for equity has the structure of company code (often, but not always, the same as the local
ticker) plus a security class modifier called the brokerage character and the exchange code. The
brokerage character varies by market and we obtain the brokerage character information from
TRTH’s date sensitive market and securities reference system “Speedguide.”

16 Specifically, we validate the match by comparing the Datastream price history to the TRTH price his-
tory after adjusting for currency reporting differences. TRTH prices are historical prices in the ori-
ginal currency. Datastream unadjusted prices are historical prices in the current currency unit, for
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The TRTH data have qualifiers in many markets that contain market specific codes
denoting whether a trade is the first trade of the day, an auction trade, and an irregular
trade (such as an off-market trade or a trade related to exercising an option). In computing
intraday bid-ask spreads, effective spreads, intraday returns, and related measures, we ex-
clude these irregular trades and quotes.

Trading hours differ across exchanges and over time. We determine each exchange’s histor-
ical trading hour regime by examining for sharp increases and decreases in exchange-level aggre-
gated trade frequency at 5 min intervals in the time series. We cross-check the trading hour
regimes based on aggregated trade frequency against the trading hour regimes listed in Reuter’s
Speedguide and the Handbook of World Stock, Derivative and Commodity Exchanges. The li-
quidity benchmarks that we compute are based on data during trading hours only.

4.2 Our Samples

Our primary sample covers forty-two exchanges in thirty-eight countries. We analyze the
leading exchange by volume in thirty-six countries, plus three exchanges in China (the
Hong Kong Stock Exchange, Shanghai Stock Exchange, and Shenzhen Stock Exchange),
and three exchanges in the US (the New York Stock Exchange, American Stock Exchange,
and NASDAQ). Given the large number of stocks and large amount of data in the US mar-
ket, we select a random sample of 400 firms out of the universe of all eligible US firms in
1996, replace any firms that are ineligible in 1997 with randomly drawn firms out of the
universe of all eligible US firms in 1997, and so on rolling forward to 2007. Following the
methodology of Hasbrouck (2009), a stock must meet five criteria to be eligible: (i) it has to
be a common stock, (ii) it has to be present on the first and last TAQ master file for the
year, (iii) it has to have the NYSE, AMEX, or NASDAQ as the primary listing exchange,
(iv) it does not change primary exchange, ticker symbol, or cusip over the year, and (v) has
to be listed in CRSP. We use the sample of Goyenko, Holden, and Trzcinka (2009) for the
years 1996-2005 and extend the sample through 2007. This had the additional advantage
of facilitating comparison to the Goyenko, Holden, and Trzcinka (2009) results. Most of
the analysis in Tables I-IX is based on the primary sample.

Our secondary sample, which extends forward to cover the same forty-two exchanges
from 2008 to 2014, is constructed in a similar manner. We select a random sample of thirty
stocks per exchange—stratified by size tercile—out of all eligible firms on a given exchange
in 2008. Our stratification is to randomly select ten large stocks, ten medium stocks, and
ten small stocks from each exchange. We replace any firms that are ineligible in 2009 with
a randomly drawn firm from the same exchange and the same size tercile, and repeat this
process rolling forward year by year to 2014. Six of our nine tables include some analysis
from the secondary sample as well.

We impose several filters in order to have reliable and consistent proxy estimates. First,
we require that a stock have at least five positive-volume days and eleven nonzero return
days in the month. The daily sample is based on the stock-days contained within the set of
stock-months that have at least five positive-volume days and eleven nonzero return days.
Second, for Datastream we follow the recommendation of Ince and Porter (2006) to

example, French stocks prior to 1999 were traded in French franc but reported in euro in
Datastream. We convert Datastream prices to the original trading currency. Some differences are
not avoidable due to noise. For instance, the bid—ask spread can be over 20% for illiquid stocks, and
that Datastream’s algorithm to sample end of day price is not stated for each market and over time.
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Table I. TRTH match with Datastream and comparison with Bloomberg

Match with Datastream is the percentage of Datastream stock-years in 1996-2007 where we
could match TRTH and Datastream records (i.e., matching security identifiers RIC and ISIN and
verifying that the month-end prices are within 10% at least 90% of the time). The median TRTH
to Datastream volume is the median daily ratio of the sum of intraday share volume reported
by TRTH divided by share volume reported by Datastream. The TRTH comparison with
Bloomberg is the difference in the TRTH and Bloomberg percent effective spreads and the cor-
relation of the TRTH and Bloomberg percent effective spreads based on a random sample of
ten stocks per exchange in December 2011.

Match with Datastream (1996-2007) Comparison with Bloomberg
Med Corr Bloom

No. of Match with TRTH/ Bloom TRTH Difin and TRTH

Dstrm Dstrm Match  Dstrm Eff Spr Eff Spr Eff Spr  Eff Spd
Country  Exchange Stk-Yrs Stk-Yrs (%) Vol (%) (%) (%) (%) (%)
Argentina Bue. Ar. 794 679 85.5 100 1.53 1.36 0.17 97.85
Australia Australian 14,072 11,855 84.2 100 0.44 0.51 -0.07 99.69
Austria  Vienna 999 785 78.6 100 0.32  0.33 -0.01 98.98
Belgium  Brussels 1,480 1,361 92.0 100 0.08 0.09 -0.01 98.38
Brazil Sao Paulo 910 740 81.3 100 0.72 1.06 -0.34 99.99
Canada Toronto 12,466 7,254 58.2 100 1.17  0.43 0.74 95.30
Chile Santiago 1,993 905 45.4 100 1.15 095 0.20 99.75
China Hong K. 8,986 7,945 88.4 100 0.21  0.23 -0.02 99.96
China Shanghai 7,263 7,042 97.0 99 0.18 0.20 —0.02 99.54
China Shenzhen 5,437 5,287 97.2 105 0.20  0.20  0.00 99.99
Denmark Copenhag. 2,208 1,912 86.6 100 0.65 0.63  0.02 99.97
France Paris 9,662 7,527 77.9 100 0.24 0.26 -0.02 99.99
Finland  Helsinki 1,411 1,313 93.1 100 1.35 1.31 0.04 99.95
Germany Frankfurt 1,996 1,546 77.5 100 6.51 3.83 2.68 99.14
Greece  Athens 3,174 2,940 92.6 100 3.35 326  0.09 99.99
India Bombay 12,811 10,929 85.3 100 1.45 152 -0.07 97.52
Indonesia Jakarta 3,360 3,325 99.0 100 2.55 2.73 -0.18 99.99
Ireland  Irish 422 345 81.8 100 216 234 -0.18 95.41
Israel Tel Aviv 4,957 3,996 80.6 100 2.07  1.79 0.28 99.91
Italy Milan 2,872 2,735 95.2 100 0.17 0.16 0.01 99.40
Japan Tokyo 25,834 23,220 89.9 100 0.24 0.25 -0.01 99.98
Malaysia Kuala Lum. 8,490 8,076 95.1 100 4.40 471 -0.31 100.00
Mexico  Mexican 1,303 1,093 83.9 100 0.50 0.53 -0.03 99.96
Nether. Amsterdam 1,885 1,353 71.8 100 0.10 0.11 -0.01 99.99
New Zea. New Zea. 923 720 78.0 100 1.60 1.64 -0.04 96.74
Norway Oslo 2,215 2,059 93.0 100 0.39 0.39 0.00 99.73
Philip. Philippines 2,289 2,141 93.5 100 - - - -
Poland ~ Warsaw 992 837 84.4 100 1.54 139 0.15 99.15
Portugal Lisbon 883 158 17.9 100 0.36  0.38 —0.02 99.78
Singapore Singapore 4,528 4,281 94.5 100 3.06 323 -0.17 99.92
S. Africa  Johannes. 4,894 4,403 90.0 100 1.10 1.13 -0.03 99.79
S.Korea Korea 7,738 7,097 91.7 100 0.22  0.24 -0.02 98.68
Spain Madrid 1,498 1,406 93.9 100 0.49 0.48 0.01 99.99

(continued)
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Table I. Continued

Match with Datastream (1996-2007) Comparison with Bloomberg
Med Corr Bloom
No. of  Match with TRTH/ Bloom TRTH Difin and TRTH
Dstrm Dstrm Match ~ Dstrm  Eff Spr Eff Spr Eff Spr Eff Spd
Country  Exchange Stk-Yrs Stk-Yrs (%) Vol (%) (%) (%) (%) (%)
Sweden  Stockholm 3,768 3,164 84.0 100 0.34  0.36 —0.02 99.89
Switzer. SWX Swiss 2,872 2,366 82.4 108 0.71 0.73 -0.02 99.86
Taiwan Taiwan 6,986 6,156 88.1 100 0.32 0.34 -0.02 99.30
Thailand Thailand 4,536 4,273 94.2 100 094 095 -0.01 100.00
Turkey  Istanbul 3,020 2,958 97.9 100 0.74  0.74 0.00 99.98
UK London 18,650 13,382 71.8 100 0.38 0.43 —-0.05 100.00
Global Median 200,577 169,564 84.5 100.3 1.16 1.08 0.07 99.30

remove any stock-month with extreme return reversal. Third, we winsorize our data for
each liquidity variable by replacing values above the 99th percentile with the 99th percent-
ile value and replacing values below the 1st percentile with the 1st percentile value. Finally,
there are two additional subtle filters. By necessity, the data in both monthly and daily fre-
quencies is conditional on the benchmark of the relevant analysis being available. Given
that there are only two percent-cost proxies at daily frequency we further require that both
proxies be available in daily proxy evaluation.

Our final primary, high-frequency sample has 8.0 billion trades and 17.7 billion quotes.
We compute the corresponding benchmarks and proxies for 24,240 firms in 1,491,930
stock-months. Our final secondary, high-frequency sample has 1.8 billion trades and 14.7
billion quotes. We compute the corresponding benchmarks and proxies for 3,087 firms in
84,789 stock-months.

Table T examines how well our TRTH sample matches with Datastream. Each row rep-
resents a different exchange. For example, looking at the first row, the country is Argentina
and the exchange Bue. Ar., which is short for the Buenos Aires Stock Exchange. The third
column lists the number of Datastream stock-years in the sample period 1996-2007. The
fourth column lists the number of stock-years where we could match TRTH and
Datastream records (i.e., matching security identifiers RIC and ISIN and verifying that the
month-end prices are within 10% at least 90% of the time). For the global sample, our per-
cent matched was 84.7%.

We also compare TRTH’s intraday data to Bloomberg’s intraday data. Since Bloomberg
only retains historical data for a few months to a few years, we checked a random sample
of ten stocks per exchange in December 2011. For the global sample, we find that the
Bloomberg percent effective spread is 1.16% and the TRTH percent effective spread is
1.08% yielding a difference of 0.07%. We also find that the correlation between the
Bloomberg percent effective spread and the TRTH percent effective spread is 99.19%. This
high correlation implies that correlations between liquidity proxies and TRTH percent ef-
fective spread would be nearly identical to correlations between liquidity proxies and
Bloomberg percent effective spread.'”

17 As an additional data integrity test, we checked the trades in our database against the Nordic
Security Depository, which is the central clearing agency for all trading in Finland. It includes the


Deleted Text: 1

1369

Best Liquidity Proxies

(penunuoo)

00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 001 elree[  ersouopuy
00T 00T 00T 00T 00T 19 s YL 00T 00T 00T 00T 00T 00T 00T Kequiog eIpu|
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T suayy 929915)
0071 0071 00T 00T 0071 00T 00T 00T 00T 0071 00T 001 unpyuery  Auewrn
0071 0071 0071 0071 001 00T 0071 00T 001 001 001 001 DjuIs[oH puequL]
00T 00T 00T 00T 00T 00T 00T 00T L6 L6 96 $6 sureg 2ouer]
00T 00T 00T 10T 00T 00T 00T 00T 00T 00T 00T 00T 001 001 001 ‘equado)y  rewrud
66 001 001 001 00T 00T 00T 00T 66 86 L6 86 L6 6 L6 uayzudys euryD
00T 00T 00T L6 00T 00T 00T 00T 00T 00T 00T 00T 00T 66 66 rey3ueyg l2iittfe)
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 001 00T Suoy] Suoy BuyD
0071 0071 0071 0071 0071 001 0071 00T 00T ogenueg Blitie)
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 001 001 0Ju0I0 |, epeue)
00T 00T 00T 00T 00T 9 00T 00T 00T 00T €6 001 001 o[neq oes [1zeig
00T 00T 00T 00T 00T 001 001 001 001 001 001 001 s[assnig wnigjag
00T 00T 00T 00T 00T 00T 00T 00T 00T 9¢ 0S 0S BUUAIA ersny
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 001 00T 00T uelfensny  elensny
00T 0071 00T 00T 0071 001 001 001 701 €01 101 101 001 Iy ong  Bupuadry
(%) stk (%) ¥T (%) 60 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) agueydxy Anunop
v~ -010T  —800C  £00T 900T  SO00C  +00T  €00C TOOT 100C 000T 6661 8661  L661 9661

‘weaJiseleq Aq papodal awin|oA aieys Agq papIAIp H1H1
Aq panodal swnjoA a1eys Aepeljul Jo WwNS 8y} Jo ofiel Ajlep 8yl J0 anjeA uelpaw 8y} si YdIym ‘awn|oA wealiseieq 0} H1Y] 4O ollel ueipaw ay} spodad a|qel siy |

uosiiedwod awn|oA Buipes} weaJiseleq pue Hi4l1 ‘Il d19eL



K.Y.L.Fong et al.

1370

00T 00T 00T 00T 0071 001 0071 001 001 001 001 0071 0071 001 00T UBIpOW [8qO[D)
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 0071 00T 00T uopuo] NN
00T 00T 00T 00T 00T 00T [nques Aoy,
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T puefieyy,  puepreyy,
00T 00T 00T 00T 001 00T 00T 001 00T 001 001 00T 001 00T 00T uemIe], uemIe],
00T 00T 00T 00T 00T 001 00T 001 001 00T 001 00T 00T 001 00T SSIMG XM “IIZIIMS
001 001 00T 001 001 00T 00T 00T 00T 001 00T 00T 001 001 00T wioy 01§ udpamg
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T PLUpEN uredg
00T 00T 00T 00T 00T 00T 00T 00T €210 ©210Y[ °§
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T ‘souueyof BILYY 'S
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T arodesurg  arodesdurg
00T 001 00T 00T 001 00T uoqsry [eSniog
00T 00T 00T 00T 00T 001 00T 001 001 00T 001 MESTE A\ puejoq
0071 0071 0071 0071 001 001 0071 001 001 0071 001 0071 0071 001 00T sourddiyryq “diqiyg
00T 001 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 0071 00T 00T o[sO LemioN
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T BIZ MIN  BIZ MIN
00T 00T 00T 00T 101 00T 00T 00T L6 66 00T 00T wepiajsury "IN
00T 001 00T 00T 001 00T 00T 001 00T 001 001 00T 001 UBDIXIN OJIXIN
00T 00T 00T 00T 00T 001 00T 001 001 00T 001 00T 00T 001 00T  wnpepeny  eisfe[ey
00T 001 00T 00T 001 00T 00T 00T 00T 001 00T 00T 001 001 0071 ofyo], uedef
00T 00T 00T 00T 00T 701 701 00T €L SL L LL ue[IA Apea
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T AIAY [P, [oBIS]
00T 00T 00T 00T 00T 00T 00T 00T 00T 00T 00T sty pueppI
(%) stk (%) ¥T (%) 60 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) agueydxy Anunop
Vv~ -010C  —800T  £00T 900T S00T #00T €00T <TO0C 100T 000T 6661 8661  L661 9661

panunuoy °|j AqeL



1371

Best Liquidity Proxies

(penunuoo)

9 9 6 43 16 88 €8 18 YL w8 8 6L 18 T8 Lequiog vIpul
68 LS 66 66 86 86 86 96 €6 sumy 999919
L6 86 06 S8 ¥8 18 LL SL (73 69 L9 umppuer]  Auewan
96 001 001 001 001 66 96 96 6 76 16 PUISPH puequLy
L6 001 96 €6 16 9L YL YL YL €L SL streq ouel]
96 86 L6 96 96 6 6 €8 €8 €8 6L 8L 6L LL Bequado)y  rewuRQ
96 L6 001 66 66 66 66 96 96 $6 6 6 S6 S6 uLyzudYg euyD
L6 L6 96 96 86 L6 L6 96 S6 96 001 001 00T 00T Teysueyg euyD
L6 001 S8 88 68 06 06 06 68 68 68 88 L8 L8 Buoy| Suoy euryD
6 66 06 88 8 8 €8 18 ogenueg Qi)
L6 001 SL 69 19 19 9 v €< (4 s 0S 6% 6% ojuoI0], vpeue)
L6 001 S6 $6 €6 68 98 18 8 €8 I8 ¥9 o[neq oeg [rzerg
6 86 96 68 €6 €6 6 43 76 €6 €6 s[essnig wniseg
68 18 S6 43 06 €8 €8 s8 S8 €8 €8 BUUDTA esny
S6 001 96 6 €6 43 06 9L €L (74 YL YL €L 0L ueljensny  eljensny
96 96 66 66 L6 6 66 S6 68 16 68 06 dyong  eupuasry
(%) v1 (%) 60 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) oueyoxy Anunod
-010T  —800T  £00T ~ 900C  SO0CT  +00T  €00T  TO0T  100T  000C 6661 8661  L661 9661

*sAep uinjal 019zuou ua)l Ueyl 810W 9ABY 300]S e Jeyl alinbal am ‘palepisuod aq o] ‘a|d
-wes Aiepuodas ay} 1o) pouad awiy Ag pue ajdwes Atewnd ay) 1oj seaA-abueyoxa Ag sao1id yse pue piq Ajlep aAey ey} wealiseleq ul s)003s jo abejuadsad ay |

weaJjsejeq ul saouid yse pue piq Buiso|d Jo AljigejieAy “|j| @1qeL



K.Y.L.Fong et al.

1372

v'v6 656 616 €6 €6 906 $'68 TL8 968 €Cvs SI8 018 96/ L1L 98eI0AE [BQO[D
68 08 08 LL 9L 8L 9L SL (42 6S €9 79 09 99 uopuo] NN
96 86 66 66 00T [nquelsy Aoy,
L6 00T S6 S6 v6 S6 S6 96 S6 v6 €6 6 76 <6 puefrey], puefrey],
L6 T6 S6 €6 v6 v6 16 88 8 08 SL 08 €8 76 UBMIE], UBMIE],
96 001 88 88 88 98 88 YL 78 08 08 LL YL 99 SSIMG X MS “IOZIMS
L6 001 16 68 L8 98 S8 ¥8 78 18 8/ SL LL 88 woy01g udpamg
S6 00T 86 86 L6 S6 S6 S6 6 €6 6 PUpPEN uredg
L6 66 66 66 86 86 96 6 68 L8 98 S8 I8 1 €210y ©210Y[ °§
96 66 L6 96 S6 €6 €6 €6 68 68 L8 €8 €8 08 “souueyof eIY S
96 00T L6 L6 96 S6 ¥6 €6 6 16 %6 €6 ¥6 06 arodegurg  arodesurg
S6 00T 76 08 6L uoqsT] [esniiog
16 66 001 66 66 66 66 86 86 L6 MESIEA\ puefoq
96 001 L6 L6 €6 S6 v6 S6 %6 v6 %6 06 68 L8 sourddiiyq “diqiyq
L6 00T 001 L6 86 L6 96 9 68 68 06 06 6L €L o[sQ femioN
S6 00T €6 16 88 €8 9L 89 99 19 L9 §9 9 ¥9 BAZ MAN BIZ MAN
96 00T 00T 66 66 16 16 68 68 98 8T wepraIsuy “TOYIRN
16 86 L6 S6 86 L6 €6 v6 L8 ¥8 €8 LL 0T 61 UBIIXIIN OJIXAN
96 001 66 66 66 66 66 86 L6 96 S8 S8 $8 ¥8 Wy ereny eiskeely
L6 001 86 L6 9 v6 %6 16 68 88 I8 08 6L 6L o430, uede[
96 00T 86 L6 66 86 L6 96 S6 S6 ¥6 L Apea
96 96 66 S6 76 S8 €8 78 08 6L LL YL v1 01 AIAY 91, [orIS]
96 66 88 €8 €8 78 78 I8 08 9L ysu[ pueppI]
S6 66 66 66 86 86 66 66 66 66 66 66 66 86 euede[  ersauopuy
(%) ¥1 (%) 60 (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) agueydxy Anunop
-010¢ -800¢ £00T 9007 §00T  ¥00T  €00C  TO0C  T00T  000T 6661 8661 1661 9661

panuiuoy “Ii AqeL



1373

Best Liquidity Proxies

(penunuoo)

66/1 9LE 1.9 860°1¥  S16 L10°0 1100 T160°0 0TL'0 £L00°0 0100 SCO'0 +00°0 CLO'0 +00°0 2000 6000 8100 910°0 stied duel]
96/1 L1 LE LSTTT  €5T 0T0°0 0T0°0 6¥T°0 6070 TT0°0 9T0°0 TEO'0 ITO°0 €T0°0 S00'0 9000 0T0°0 TCO'0 STO0 “Seyquadop >rewus(q
96/1  99% 70§ 88¥°LS  LL9 €000 010°0 6200 ¥¥0°'0 €000 +00°0 +10°0 €000 800°0 100°0 +00°0 000°0 €000 ¥00°0  UdYZUYS BUyD
96/1 860°C 6011 T1LTLL TI8 700°0 0T0°0 T€0°0 S¥0°0 €00°0 S00°0 STO'0 €00°0 800°0 1000 +00°0 0000 €000 +00°0  reysueys BUYD
96/1 0¥l  L9T SL0°99  §T6 £20°0 L10°0 8SL°0 T1T°0 0C0°0 6200 £S0°0 TC0'0 1200 900°0 6000 €100 6C0°0 TCO'0 " Suoy BUlD
/9 T 14 95T'e 101 £20°0 9000 ¥ST'0 S61°0 6000 ¥10°0 SCO'0 €000 9000 1000 S00°0 1100 1200 Z10°0 ogenueg SID
96/1 LET  LT6 SOT°€L  SET'T 0TO0 LI0'0 +CI'0 TI9T°0 9T0°0 TCO'0 0SO'0 €700 9T0°0 TIO'0 +I0°0 1100 620°0 STO0 OJuoI0],  EpEUT)
86/9 01 67 €68°C 6€1 8¢0°0 €10°0 7800 +CI'0 ITO0 9T0°0 +€0°0 800°0 9T0°0 S00°0 +I00 6000 S€0°0 €T0°0  ©O[ned OFS [rzexg
66/1  6C 1L TTL'8 1T €100 600°0 010 T€1°0 L00'0 600°0 TCO'0 €000 CI0'0 +00°0 9000 9000 €100 100 spssnig  wnidpg

66/1 L 61 65ty 901 S10°0 600°0 #80°0 ZIT'0 900°0 600°0 1200 #00°0 L10°0 +00°0 000 600°0 9100 910°0 BUUIIA - Elusny
96/1  §S1 ¥ S6¥'¥8  TT6T  1€0°0 81070 T61°0 8€T0 STO0 #€0°0 #90°0 9€0°0 STO'0 6000 TIO'0 TIO0 6T0°0 +TO'0 UElEASNY  Elessny
86/L S L $96°¢ SL £L10°0 6000 9¥1°0 €0T0 +10°0 0T0°0 S€0°0 120°0 0L0°0 CO0'0 8000 6000 STO0 L10°0 Ty ong eunuagry

e (TUN)  (TA)  UOIN - SYO0IS (%) MOT TSOWZ soZ IHA A XN YILL [0 (109 (%) (%) (%) (%) 93ueyoxg  £nunopy

118§ S9pEI], sdIoNY)  -)J03S idg  —ysig 101 1LO1 Hd 39 duy idg  1dg  1dg
ond Pug (B oy Hd

SO0
sarxo1d 1505-1u2019 ] SYTBWYIUI] ISOI-IUIII]

1eah
-aBueyoxa yoeas ul 9|iluadiad Ylge Pue 1S| 1B paziIoSulM ale sa|gelieA || 71 0Z 01 8002 WO} sia)j1} AlIAIl0e swes ayl yum (abueyoxs sad sy001s Auiyl) sebueyoxa
oml]-Alio) sueds ajdwes Alepuo2as ay] ‘SABp UIn}al 0J9ZUOU UBAS|S pue SABP aWN|OA-9AIISOd 9Al) 1Sed| 18 YLIM SYIJUOW-)00]S ||B JO S1SISU0d 1| */00Z O} 9661 WOy
pliom ay} punoue sabueyoxs omi-ALio) sueds sjdwes Atewrid ay] yuow-y2031s ajdwes e 1o) aseqelep H1H1 VIHIS @yl ul 81onb 0gg Buipuodsaliod pue speuy
Alana wouy paje|nojes ate (oedwi 9o1d juaoiad pue ‘pealds pazijeas uadiad ‘peasds pajonb juadiad ‘peaisds aAl30aye JUdlad) SHIEWYIUS] }SOD-Juddlad ay |

saixo.d pue syJewyouaq 3sod-juadiad Ajyiuow ay} jo ueajp ‘Al 3jqeL



K.Y.L.Fong et al.

1374

(penunuoo)

96/T LY WL €IETE  ¥¥9  $T0°0 STO0 €IT0 0STO 020°0 8200 ISO'0 0£0°0 0200 £00°0 6000 £00°0 STO'0 910°0 2rodesurg arodesurg
SO/L 9 T 186 a4 800°0 £00°0 6ST°0 €410 900°0 600°0 610°0 600°0 800°0 €00°0 9000 €00°0 800°0 600°0 uoqsTT  [ESn1I0g
00/TT T ST 6189  TTC  8T00 ¥10°0 OIT'0 TST'O €10°0 Z¥0'0 €90°0 TT00 61070 £00°0 000 L00°0 +€0°0 £TO0 mesiepy  pue[og
96/T 01 LT 0vS'6  8IT  €£0°0 LI0°0 TETO 98CT0 670°0 THO'0 0L0°0 TEO'0 €T0°0 £00°0 TI0°0 €10°0 8€0°0 700 sourddiyqg “diqrgq
96/1  +¢€ 8 TITST  T€€ 120°0 TT00 OFI'0 881°0 +I0°0 I+0°0 1900 810°0 LI0°0 S00'0 90070 €100 #20°0 61070 o[sQ  AemioN
96/1 T ¥ 750 66 ST0°0 £00°0 6TTO 09C°0 CLO0 LI00 0£0°0 TTO'0 600°0 €000 S00°0 CTIO0 STO0 LI00 "BIZ MIN "BIZ MIN
66/T ST 1ST  0T9°TT 06T  #10°0 0100 S$60°0 SIT'0 800°0 TT0°0 920°0 £00°0 TIO'0 +00°0 6000 S00°0 €10°0 €10°0 WeprIswy  “IYIN
86/S TI €€ W0 9TT 9700 800°0 800 TTI'0 600°0 +T0°0 870°0 9000 0T0'0 TOO'0 OTO'0 SO0'0 6T0°0 STO'O0  UBIIXd[N  OJIXIN
96/T 06 68T §986L 096  STO0 €10°0 TST'0 €TT0 9T0°0 €20°0 €+0°0 000 0TO0 £00'0 TIO'O S00°0 8TO'0 LT0°(Q "W Ee[eny eISAB[EA
96/T ¥SL  T88T SO+ALT €08°T 11070 8000 960°0 +#IT°0 £00°0 0100 920°0 0100 +¥10°0 +00°0 900°0 €000 CI0'0 60070 okyo], uedef
66/1 €YT  8TT  9L6°€T 1LE  600°0 6000 SL0°0 L80°0 000 800°0 TCO'0 S00°0 SIO'0 £00°0 +00°0 +00°0 800°0 L00°0 ue[IN Area
86/71 0€ 9§ 989°CT  08S 9700 ¥10°0 8¥0°0 0ST'0 TL0°0 0TO0 9£0°0 TOO'0 TIO'O €000 TTO0 60070 THO'O 0£0°0 AV [PL [orIs]
00/ T 6 80LC S¢S 7200 TI0°0 SET0 T8T'0 #10°0 +#0°0 6S0°0 8T0°0 LI0°0 £00°0 0T0°0 8000 €200 LI00 ysu[ - puepady
96/T LE 19 8/THT 08¢ 8600 €T0°0 9€T°0 06T°0 S€0°0 0S0°0 1800 T€0°0 820°0 0100 #I0°0 TIOO T¥0'0 9700 eareye[ ersouopuy
96/ 19 YIT  $T9T8  £99°T €£0°0 0€0°0 LF0'0 €TI'0 TTOO TEO'0 0L0°0 €10°0 9€0°0 STO0 €70°0 6700 090°0 7SO0 Lequiog eIpuy
10/T 09 89 €09°€T  9S¢ 6100 €10°0 £TI'0 8€T°0 0100 ¥10°0 +€0°0 L10°0 TIOO ¥00°0 0100 60070 610°0 610°0 SUIY 22921
66/ ¥¥I  €bb  TI¥'6T  T6S  STO0 0100 080°0 OLT'0 600°0 ¥#10°0 ¥€0°0 010°0 £I0°0 S00°0 STO0 S00°0 TTO'0 0CO'0  Mnyyuer] Auewdn)
66/T 1t 021 60T°0T 19T  8T0°0 0I0°0 €CI'0 891°0 IT00 9T0°0 TEO0 €10°0 9T0°0 9000 €00°0 IT00 LI0°0 €T0°0  DUISPH  pue[uif
@ (TIN)  (TIN)  UON  sY00I1§ (%) MO ¢SOz sorz IHI X XN YIL [0y (o9 (%) (%) (%) (%) 9Sueyoxy ~ Lnunod
3eIG ORI SIONY  -}Y00Ig g —ySig 101 10T 94 9 dwp  xdg  adg  adg
ond ERISF S LED Lo Nt c |
SO[D

sa1x01d 1503-1u2019

SYTEWYIUI( ISOI-JUIDII

panunuoy ‘Al @jqeL



1375

Best Liquidity Proxies

PPET L68TT 18009  LOLT  LT0°0 TIO'0 +0T°0 £TI'0 600°0 €10°0 $20°0 0T0°0 STO'0 900°0 8000 9000 LI0°0 STO'0 ¥10T-010¢ [¥qO1D
L9y LSLT 80L%YT  08ET  $T0'0 STO0 860°0 TIE€T°0 TIO0 8T0°0 L£0°0 €10°0 610°0 900°0 0100 600°0 200 610°0 6007=800¢ [¥q01D
866°L t¥LL1 90+HST O¥T'vT 1T0°0 TIO'0 $TI°0 8S1°0 TIO'0 610°0 8£0°0 CI00 ¥10°0 9000 6000 6000 TTO'0 810°0 L00T=9661 [8901D
96/ §SS  €0I'%  S10°LE  8€9 970°0 0700 #80°0 0010 TT0'0 STO0 S¥0'0 T00'0 1000 £T0O'0 T00'0— STO'0 LTO0 +70°0 OVASYN SN
9%/1 ¥ 8¢ 898°¢ YL 0S0°0 8100 8IL'0 Z¥1'0 S10°0 0200 6+0°0 S00°0 1000 CCO'0 #00°0 0€0°0 I€0°0 +€0°0 XANWV SN
96/1 €67  S68°T TSOCT 661 CI0°0 £L0O00 0S0°0 0S0°0 €000 +00°0 Z10°0 0000 000°0 ITO'0 0000 L00°0 S00°0 900°0 dSAN sn
96/1 €1y T88 TL6'LL  LSTT 6700 L000 841°0 T6T'0 €T0°0 0TO'0 9€0°0 000 $00°0 T00'0 €000 100 $20°0 910°0 uopuog 20N
SO0/t 99 11 P11 €1€ 8000 T10°0 0910 791°0 0100 <100 6C0°0 L10°0 L10°0 €00°0 £00°0 100°0 8000 600°0 [nquessp  Aoxng,
96/1 1L 61 096°€E 19§ ¥10°0 +¥10°0 €81°0 £TC0 810°0 $C0°0 9¥0°0 +¥10°0 610°0 9000 L00'0 6000 ¥20°0 910°0  PUE[lEYL PpuUP[lEY],
96/1 1ST 1S¥ $9€89  TSL 9000 6000 LOL'0 OLTL'0 9000 £00°0 TCO'0 LO00 600°0 C00°0 +00°0 <T00°0 LOO0 L0O00 uemie] — UBMIE]
96/8 €€ 9 PSTTC  TI€ 910°0 010°0 6I1°0 €10 6000 TLO'0 8200 ¥00°0 ¥#I0°0 €00°0 600°0 9000 SIO0 SIO0 SSMSXMS  "PZIMS
96/1  T6 L81 0700 97§ 120°0 1100 +€1°0 891°0 CI0'0 LI00 L£0°0 STO'0 ZI0'0 900°0 900°0 0100 120°0 9100 WIOY201S  UIPamg
66/1 6CL  61¢€ POTT  TLT £00°0 800°0 8800 <T60°0 +00°0 9000 8100 +00°0 6000 #00'0 000 <000 L00°0 L00°0 PHPEN uredg
L6/01 L08 LIS 9vT9L  0SL 010°0 +¥10°0 €£0°0 6400 L00°0 800°0 6¢0°0 +00°0 9100 #00'0 O0I0'0 €000 CIL00 STO°O B210)  BAIOY 'S
96/€ ¢ ¥9 6v0°8C 859 T€0°0 ¥10°0 LLI'0 +TTO 1T0°0 0£0°0 9S0°0 9200 610°0 9000 STO'0 TIT0°0 CE0'0 9700  "sduueyo[ eIy °S
AFeq (TN) (TIN)  UOIN SMO0IS (%)  MOT gsowZ soRZ IHS A XIN PIL 09 1109 (%) (%) (%) (%) 28ueyoxg  Anunop
111G Sapei], sa10nd)  -d01§ idg  —ysig 101 LOT1 3d x4 dug idg  1dg  1dg
ond) P (e ond P
SO

sorx01d 1505-1U2019 ]

SYTBWYIUI] ISOD-JUIII]

panunuo) ‘Al 2|qeL



1376 K.Y.L.Fong et al.

As a further data integrity check, Table II reports the median ratio of the sum of intra-
day share volume reported by TRTH divided by the share volume reported by Datastream
per stock per day. We find that 91% of the exchange-year ratios in the primary sample
(1996-2007) are exactly 100%. We find that 97% of these exchange-year ratios are in the
range (95%, 102%).'® The exchanges with the most prolonged deviation from this range
are Milan (4 years), Vienna (3 years), and Bombay (3 years). All exchanges have median
ratios of 100% in the secondary sample (2008-14). With full acknowledgment of the early
deviations, we note that the vast majority of exchange-year volume ratios are close to or
exactly equal to 100%.

Combining all the evidence above, we conclude that the TRTH intraday equity dataset is a
high-quality, reliable dataset for global research. Our evidence does not imply anything about
any other TRTH data (e.g., futures, options, commodities, foreign exchange, fixed income, etc.).

Table TIT describes the availability of closing bid and ask prices in Datastream, which is
the information that is required to compute the Closing Percent Quoted Spread proxy. Each
value represents the fraction of stocks in an exchange-year with more than 10 nonzero return
days in the year where we observe closing bid and ask prices. We find that global average
availability of closing bid and ask data in Datastream rises from 71.7% in 1996 to 94.9% in
2007 and stays steady at 95.9% in 2008-09 and 94.4% in 2010-14. Five exchanges have less
than 70% availability in 1996 and the number declines to zero in 2007. Seventeen exchanges
have less than 90% availability in 1996 and the number declines to five in 2007 and to four
in 2010-14 (Austria, Greece, India, and the UK) India fell from 94% coverage in 2007 to
64% coverage in 2014. However, for the most part, the data inputs required to compute the
Closing Percent Quoted Spread are widely available in Datastream.

4.3 Descriptive Statistics
Table TV provides the equally weighted mean of the monthly percent-cost benchmarks and
proxies. Each row represents a different exchange. The last three rows are the global aver-
age of all forty-two exchanges for 1996-2007, 2008-09, and 201014, respectively. Of
particular importance, the 1996-2007 global average of the Closing Percent Quoted
Spread proxy is 0.021 (the last column of the proxies) that is relatively close to the 1996—
2007 global average of the (intraday) percent quoted spread benchmark of 0.022 (second
column of the benchmarks) and to the global average of the percent effective spread bench-
mark of 0.018 (first column of the benchmarks). The same is true for the global averages in
2008-09, and 2010-14.

Table V provides the equally weighted median of the monthly cost-per-dollar-volume
benchmarks and proxies. Of particular importance, the 1996-2007 global median for each
of the cost-per-dollar-volume proxies is an order of magnitude larger than the global

complete, official trading records of all trading in securities listed on the Helsinki Stock Exchange.
The random checks we performed showed the trades agree so that if a trade of 200 shares at
10kr shows in the TRTH database, we will see a purchase of 200 shares at 10kr and a correspond-
ing sale of 200 shares in the Depository data. We performed the random checks across all 12
years of our data and we believe that for this market the TRTH database exactly replicates trades
reported in the central clearing agency.

18 There are several reasons why TRTH and Datastream may differ. First, the basis of volume quotation
on TRTH can change from rounding to the nearest 1000 or 100, although it is mostly in one share.
When there is rounding, there is rounding down errors. Some of the larger differences may be due
to the fact that Datastream includes after hours trades, whereas our TRTH sample does not.
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Figure 1. Percent effective spread by exchange over time.
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Figure 2. Lambda by exchange over time.

median of lambda at 0.052%1073. The closest proxy is Roll Impact at 0.263 x 1073, which
off by a factor of 5x. None of the cost-per-dollar-volume proxies are on the same scale as
lambda. The same is true for the global medians in 2008-09, and 2010-14.

Figures 1 and 2 allow us to look at patterns in the data over the combined sample period
from 1996 to 2014. Figure 1 presents the equally weighted mean of the monthly percent ef-
fective spread for six exchanges around the world from 1996 to 2014. In general, percent
effective spreads have declined over time, but the pattern and timing is idiosyncratic to each
exchange. Bombay hovered around 7% for a long time and then declined to around 4%
during 20035. Sao Paulo fluctuated around 3% for a much of the sample and then declined
to around 1.5% in 2009. NASDAQ declined by a one-third in 1997 and declined further
from 2004 to 2007. Tokyo increased in 1997 and declined gradually from 2002 to 2005.
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New York increased in 2000, declined sharply in 2001, and declined gradually since then.
Perhaps the most surprising is Shanghai and Shenzhen (data not shown), which both have
among the lowest percent effective spreads in the world over the entire sample period.

Figure 2 presents the median of the monthly lambda for six exchanges around the world
from 1996 to 2014. The y-axis is on a log scale because the values of lambda by exchange
differ by many orders of magnitude. Again the pattern and timing of lambda is idiosyn-
cratic to each exchange. Bombay declined sharply in 2004 and 2005. Sao Paulo declined
sharply in 2006 and in 2013. Both NASDAQ and New York declined gradually from 2003
to 2007. Tokyo increased in 1998 and declined from 2003 to 2007. Shanghai and Shenzhen
(data not shown) both have among the lowest lambda in the world over the sample period
and both declined in 2006 and 2009.

Finally, while the analysis in this article is based on data winsorized at the extreme 1% and
using default value for three proxies when they cannot be computed, we conduct an assessment
of the extent of outliers and assignment of default or missing values in the data. Supplementary
Table 10 presents the global pooled percentile distribution of unwinsorized monthly bench-
marks and proxies, and the frequency of missing value. The table shows that Extended Roll,
LOT Mixed, and LOT Y-Split have maximum values that exceed the range of the benchmark
Percent Effective Spread. Further, the default value is used for Roll, Extended Roll, and High—
Low in 87, 35, and 3% of stock-months, respectively. Closing Percent Quoted Spread is not
available for 25% of stock-months. For the cost-per-dollar-volume distribution, Roll Impact,
Extended Roll Impact, High-Low Impact, and Closing Percent Quoted Spread Impact have
similar percent default or missing value as their percent-cost counterparts.'® Supplementary
Table 11 shows the corresponding distribution at daily frequency. Both of the daily percent-
cost proxies yield have a minimum value of zero and a maximum value that is less than the
benchmark percent effective spread maximum value. High-Low and Closing Percent Quoted
Spread are always available due to data filters but High-Low is based on the default value
in 13% of stock-days. If we do not condition on the joint availability of these two daily prox-
ies, High-Low would have 17% default value and Closing Percent Quoted Spread would have
26% missing value. Both High-Low Impact and Closing Percent Quoted Spread Impact have
a maximum value less than the benchmark maximum. Both Amihud and Amivest have max-
imum values that are orders of magnitude larger than the benchmark maximum. Amivest has
missing value in 54% of stock-days due to zero return. High—Low Impact is set to the default
value of zero in 15% of stock-days. Closing Percent Quoted Spread Impact and Amihud are al-
ways available given the data filters.

5. Monthly Percent-Cost Results

Table VI provides a global overview. Panels A-D report the global performance of ten
monthly percent-cost proxies compared to four monthly percent-cost benchmarks (percent
effective spread, percent quoted spread, percent realized spread, and percent price impact).
The four panels report four performance dimensions: average cross-sectional correlations,

19 The percent missing for the cost-per-dollar-volume proxies are slightly different than their
percent-cost counterparts, because in 17% of stock-months the benchmark lambda has an insuffi-
cient number of trades to be computed. Unreported results confirm that the conclusion of this art-
icle is qualitatively unaffected by the treatment of missing value with respect to whether a default
value is assigned and whether to include the observation in performing comparison.
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portfolio time-series correlations, individual stock time-series correlation, and average
RMSEs.

Panel A reports the average cross-sectional correlation for each monthly percent-cost
proxy compared to the four monthly percent-cost benchmarks. The average cross-sectional
correlations are computed in the spirit of Fama and MacBeth (1973) by: (i) calculating for
each month the cross-sectional correlation across all firms and then (ii) calculating the aver-
age correlation value over all months. The convention that we will use throughout the rest
of the article is to place an open box around the highest correlation in the row and a shaded
box around any correlations that are statistically indistinguishable from the highest correl-
ation in the row at the 5% level.?® The idea is to identify the best proxy relative to a par-
ticular benchmark and the full “leadership group” that is statistical indistinguishable from
the best proxy. For example, in the first row the proxy Closing Percent Quoted Spread has
the highest average cross-sectional correlation with percent effective spread at 0.799 (open
box) and there are no shaded boxes—so all of the rest of the correlations in the first row
are significantly lower than 0.799. Bold-faced correlations are statistically different from
zero at the 5% level.”! All correlations in this panel are statistically different from zero.

Closing Percent Quoted Spread dominates all of the row comparisons for the four
percent-cost benchmarks in Panel A. Closing Percent Quoted Spread has the highest correl-
ation (open box) on all four rows and the Closing Percent Quoted Spread correlation is
statistically higher than the correlation of any other proxy on all four rows. FHT has the se-
cond best correlations in all four rows and High-Low has the third best correlations in all
four rows. This is evidence that Closing Percent Quoted Spread, FHT, and High-Low are
the top three percent-cost proxies. This article is the first to test any of these top three prox-
ies against the others.

Closing Percent Quoted Spread is the winner by a wide margin. It provides enormous
performance gains over the proxies that global research has used to date (Zeros, LOT
Mixed, etc.). For instance, results of Panel A imply that its mean cross-sectional correlation
is 2.0 times the correlation of Zeros and 1.5 times the correlation of LOT Mixed.
Interestingly, Closing Percent Quoted Spread has relatively higher correlations with percent
effective spread (0.799) and percent quoted spread (0.915) and relatively lower correlations
with percent realized spread (0.589) and percent price impact (0.567).

Figure 3 plots the global average of the cross-sectional correlations of six percent-cost
proxies with percent effective spread over the combined sample period from 1996 to 2014.
The global average of the cross-sectional correlation for Closing Percent Quoted Spread
stays primarily in the range 0.70-0.90 over the entire sample period. It is typically 0.15-

20 In all tables with cross-sectional correlations, we test if the correlations are different between
proxies on the same row by t-tests on the time series of correlations in the spirit of Fama—
MacBeth. Specifically, we calculate the cross-sectional correlation of each proxy for each month
and then regress the correlations of one proxy on the correlations of another proxy. We assume
that the time series of correlations of each proxy is i.i.d. over time, and test if the regression inter-
cept is zero and the slope is one. Standard errors are adjusted for autocorrelation with a Newey—
West correction using four lags.

21 In all tables with correlations, we test if the correlations are statistically different from zero and
highlight the correlations that are significant in boldface. For an estimated correlation o,
Swinscow (1997, chapter 11) gives the appropriate test statistic as t = /(D —2)/(1 — ¢?),
where D is the sample size.
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Figure 3. Global average of cross-sectional correlations (proxy, percent effective spread) over time.

0.20 above FHT and High-Low. It is typically 0.30-0.40 above Zeros. In other words, the
large increase in performance occurs continuously throughout the sample period. Figure 3
also shows that the correlations of High-Low and FHT are the clear second choice and es-
pecially dominant over the measures commonly used in global research (e.g., Zeros, Roll).

Table VI Panel B is based on equally weighted portfolios across all stocks for month 1.
That is, we compute a portfolio percent-cost proxy (benchmark) in month 7 by taking the
average of that percent-cost proxy (benchmark) over all stocks in month i. We remove the
trend of each proxy and each benchmark by taking the first difference. Then, Panel B re-
ports the time-series correlation between each detrended (i.e., first difference of) portfolio
percent-cost proxy and the detrended portfolio percent-cost benchmarks. Closing Percent
Quoted Spread dominates all of the row comparisons for the four percent-cost benchmarks.
Closing Percent Quoted Spread has the highest correlation (open box) on all four rows and
the Closing Percent Quoted Spread correlation is statistically higher than the correlation of
any other proxy on three rows and higher than all but High-Low on the fourth row. We
test whether time-series correlations are statistically different from each other using a
Fisher’s Z-test. As in Panel A, Closing Percent Quoted Spread, FHT, and High-Low are the
top three percent-cost proxies on all four rows. Once again, Closing Percent Quoted Spread
provides enormous performance gains over Zeros, LOT Mixed, etc. Again we find that
Closing Percent Quoted Spread has relatively higher correlations with percent effective
spread (0.764) and percent quoted spread (0.870) and relatively lower correlations with
percent realized spread (0.526) and percent price impact (0.572). In unreported results, we
get the same qualitative results when using the time-series with the trends left in.

Panel C reports the individual stock time-series correlations between the detrended indi-
vidual stock percent-cost proxy and the detrended individual stock percent-cost bench-
mark. Closing Percent Quoted Spread has the highest correlation (open box) on all four
rows and the Closing Percent Quoted Spread correlation is statistically higher than the cor-
relation of any other proxy on all four rows. Again, Closing Percent Quoted Spread pro-

vides enormous performance gains over the other proxies, many of which are not
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significantly different from zero. It has relatively higher correlations with percent effective
spread and percent quoted spread and relatively lower correlations with percent realized
spread and percent price impact. For realized spread it is the only measure significantly dif-
ferent from zero.

Panel D reports the average RMSE between each percent-cost proxy and percent-cost
benchmarks based on individual firms. The average RMSE tells us whether a particular
proxy does a good job of capturing the level of a benchmark, not just whether it is corre-
lated with the benchmark. The RMSE is calculated every month for a given exchange and
then averaged over all sample months. In this case, an open box identifies the lowest aver-
age RMSE in the row and a shaded box indicates RMSEs that are statistically indistinguish-
able from the lowest average RMSE in the row. We test whether RMSEs are statistically
different from each other using a paired ¢-test. Boldfaced RMSE indicates that the ability of
the proxy to predict the benchmark is statistically greater than zero at the 5% level.>*

Closing Percent Quoted Spread has the lowest average RMSE (open box) on the first
two rows. It is statistically indistinguishable from High-Low relative to percent effective
spread and significantly better than all other proxies relative to percent quoted spread.
Again, Closing Percent Quoted Spread, FHT, and High-Low are the top three percent-cost
proxies on both rows. As in panels A, B, and C, Closing Percent Quoted Spread provides
enormous performance gains over Zeros, LOT Mixed, etc.

High-Low has the lowest average RMSE (open box) on the last two rows. It is signifi-
cantly better than all other proxies relative to percent realized spread and percent price im-
pact. Overall, Closing Percent Quoted Spread is closest to the level of percent effective
spread and percent quoted spread, whereas High—-Low is closest to the level of percent real-
ized spread and percent price impact.

Figure 4 graphs the global average level of the top three percent-cost proxies (Closing
Percent Quoted Spread, FHT, and High-Low) and four percent-cost benchmarks from
1996 to 2014. Closing Percent Quoted Spread is very close in both level and pattern to the
Percent Quoted Spread Benchmark throughout the sample period. And both of them follow
a relatively similar pattern to the Percent Effective Spread Benchmark, except that the level
of the latter is approximately 0.5% lower. FHT follows the pattern of Percent Effective
Spread well, except that the level is sometimes lower. The Percent Realized Spread
Benchmark and the Percent Price Impact Benchmark, which by definition sum up to the
Percent Effective Spread Benchmark, are typically nearly equal. Thus, their level is approxi-
mately half of the level of the Percent Effective Spread Benchmark. High-Low is typically
much closer to the level of the Percent Realized Spread Benchmark and the Percent Price
Impact Benchmark than to the level of Percent Effective Spread Benchmark.

To summarize Table VI Panels A-D, Closing Percent Quoted Spread strongly dominates
all other monthly percent-cost proxies and provides enormous performance gains over
Zeros, LOT Mixed, etc. It is highly correlated with all four percent-cost benchmarks—in
the cross-section, portfolio time-series, and individual stock time-series. It does the best job

of capturing the level of percent effective spread and percent quoted spread, whereas High—

22 We test whether RMSEs are statistically significant using the U-statistic developed by Theil
(1966). Here, if U? = 1, then the proxy has zero ability to predict the benchmark (like a 2 = 0). If
U? =0, then the proxy perfectly predicts the benchmark (like a B = 1). We test if 7 is signifi-
cantly less than 1 based on an Fdistribution where the number of degrees of freedom for both the
numerator and the denominator is the sample size.
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Figure 4. Global average of three percent-cost proxies and four percent-cost benchmarks over time.

Low does the best job of capturing the level of percent realized spread and percent price

impact.

6. Monthly Cost-per-Dollar-Volume Results

The global overview continues with Panels E-H, which report the global performance of
thirteen monthly cost-per-dollar-volume proxies compared to the single monthly cost-per-
dollar-volume benchmark (lambda). Panel E reports the average cross-sectional correlation
for each monthly cost-per-dollar-volume proxy compared to monthly lambda. Closing
Percent Quoted Spread Impact has the highest correlation (0.565) and that is statistically
higher than the correlation of any other proxy. In terms of economic magnitude, five prox-
ies have correlations of 0.5 or higher: Closing Percent Quoted Spread Impact, FHT Impact,
High-Low Impact, LOT Mixed Impact, and Amihud.

Figure 5 plots the global average of the cross-sectional correlations of these five cost-
per-dollar-volume proxies with lambda from 1996 to 2014. The global average of the
cross-sectional correlations of all five proxies (Closing Percent Quoted Spread Impact, FHT
Impact, High-Low Impact, LOT Mixed Impact, and Amihud) are nearly identical over the
entire sample. The correlations are typically in the 0.45-0.70 range over the entire sample
period. In other words, the economic performance of these five proxies is nearly the same
throughout the sample period.

Table VI Panel F reports the time-series correlation between each portfolio of detrended
(i.e., first differences of) cost-per-dollar-volume proxy and the portfolio detrended lambda.
Closing Percent Quoted Spread has the highest correlation (0.427) and the five proxies
mentioned above have similar economic magnitudes with correlations of 0.4 or higher.

Panel G reports the individual stock time-series correlation between each detrended
cost-per-dollar-volume proxy and detrended lambda. Closing Percent Quoted Spread
Impact has the highest correlation (0.315) and the five proxies mentioned above have simi-

lar economic magnitudes with correlations of 0.2 or above.
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Figure 5. Global average of cross-sectional correlations (proxy, lambda) over time figure.

Panel H reports the ratio of the average RMSE between each cost-per-dollar-volume
proxy and lambda divided by the median of lambda. The lowest ratio is Pastor and
Stambaugh at 14.6. The rest of the cost-per-dollar-volume proxies have a ratio of 323 or
greater. In other words, the average error is an order of magnitude larger than the mean of
lambda itself. Thus, we conclude that none of the cost-per-dollar-volume proxies capture
the level of lambda.

Figure 6 graphs the global average level of five cost-per-dollar-volume proxies and
lambda from 1996-2014. The y-axis is on a log scale because the values of the cost-per-
dollar-volume proxies and lambda differ by many orders of magnitude. It is visually clear
that all five proxies are correlated with lambda. However, considering the log scale of the
y-axis, it is immediately clear that none of the proxies is on the same order of magnitude as
lambda. In other words, there is more than a 10x difference in level between the proxies
and lambda nearly all the time throughout the sample period.

To summarize Table VI Panels E-H we find that five monthly proxies (Closing Percent
Quoted Spread Impact, FHT Impact, High-Low Impact, LOT Mixed Impact, and Amihud)
do nearly as well economically in all three Panels E-G.?* All five are highly correlated with
monthly lambda, but none captures its level.

7. Monthly Proxy Robustness Checks

7.1 By Time Period

Next we examine the robustness of our results by time period. Table VII reports the global per-
formance of liquidity proxies compared to liquidity benchmarks for three time periods: 1996—
2007 (primary sample), 2008-09 (financial crisis period), and 2010-14 (post-financial crisis).

23 In an unreported test using an additional criteria of across sample, across treatment, and across
stock filters robustness we find Closing Percent Quoted Spread Impact, Amihud, and High-Low
Impact perform better among the top five monthly lambda proxies.


Deleted Text: root mean squared error (
Deleted Text: )
Deleted Text: -
Deleted Text: -
Deleted Text: X
Deleted Text: 6,
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: 7
Deleted Text: -
Deleted Text: -20
Deleted Text: -20

Best Liquidity Proxies 1389

0.5
Amihud

LOT Mixed Impac
Closing % Quoted
0.05 - Spread Impact

0.005 {|" t
fl High-Low Impact:

Five Cost-Per-Volume Proxies vs. Lambda

el FHT Impact
0.0005 - vuv
"
Lambda
5E-05 ——
O N W O O =4 6N O & 1D W NN © A © A4 N M <
SRR S S A S T S S S A Y
c c c c = c c c c c c c c c c c c c c
© © © © © © © © © © © © © © © © © © ©
38835 3852 3833 8333 833 217
Time

Figure 6. Global average of five cost-per-dollar-volume proxies and lambda over time.

Panels A-D report the performance of monthly percent-cost proxies compared to the
percent-cost benchmark percent effective spread. On all four dimensions of performance
(average cross-sectional correlations, portfolio time-series correlations, individual stock
time-series correlation, and average RMSE), Closing Percent Quoted Spread has the highest
correlation (open box) for all three time periods or the lowest average RMSE (open box)
for all three time periods. In ten of the twelve rows in Panels A-D, the Closing Percent
Quoted Spread correlation (average RMSE) is statistically higher (lower) than the correl-
ation (average RMSE) of any other proxy. In all twelve rows of Panels A-D, Closing
Percent Quoted Spread provides large performance gains over any other proxy.

Panels E-H report the performance of monthly cost-per-dollar-volume proxies com-
pared to the cost-per-dollar-volume benchmark lambda. Five cost-per-dollar-volume prox-
ies (Closing Percent Quoted Spread Impact, FHT Impact, High-Low Impact, LOT Mixed
Impact, and Amihud) have average cross-sectional correlations of 0.48 or higher in all three
time periods, detrended portfolio time-series correlations of 0.36 or higher in all three time
periods, and detrended individual stock time-series correlations of 0.15 or higher in all
three time periods. All of the cost-per-dollar-volume proxies have a ratio of average RMSE
over the mean of lambda of 7 or greater. Thus, all five cost-per-dollar-volume proxies are
highly correlated with monthly lambda in all three periods, but none captures its level.

In summary, our monthly proxy results are robust by time period.

7.2 Developed Versus Emerging Countries

Next we examine the robustness of our results in developed countries versus emerging
countries. We designate the developing countries as Australia, Austria, Belgium, Canada,
Denmark, France, Finland, Germany, Ireland, Italy, Japan, the Netherlands, New Zealand,
Norway, Portugal, Spain, Sweden, Switzerland, the UK, and the USA. All other countries in
our sample are designated as emerging. Table VIII Panels A-D report monthly percent-cost
proxies compared to monthly percent effective spread and Panels E-G report monthly cost-

per-dollar-volume proxies compared to monthly lambda.
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Panels A-C report that Closing Percent Quoted Spread has the highest correlation in all
six rows and is significantly higher than the correlation of any other proxy in one developed
country row and in all three emerging country rows. Panel D reports that Closing Percent
Quoted Spread has the lowest average RMSE, is significantly lower than any other proxy in
developed countries except for FHT and High-Low, and is significantly lower than any
other proxy in emerging countries.

Panels E-H report the performance of monthly cost-per-dollar-volume proxies com-
pared to the cost-per-dollar-volume benchmark lambda. Five cost-per-dollar-volume prox-
ies (Closing Percent Quoted Spread Impact, FHT Impact, High-Low Impact, LOT Mixed
Impact, and Amihud) have average cross-sectional correlations of 0.5 or higher in both de-
veloped and emerging countries, detrended portfolio time-series correlations of 0.37 or
higher in both developed and emerging countries, and detrended individual stock time-
series correlations of 0.16 or higher in both developed and emerging countries. All of the
cost-per-dollar-volume proxies have a ratio of average RMSE over the median of lambda of
2 or greater. Thus, all five cost-per-dollar-volume proxies are highly correlated with
monthly lambda in both types of countries, but none captures its level.

In summary, our monthly proxy results are robust in both developed and emerging
countries.

8. Daily Percent-Cost Results

Table IX provides an overview of daily liquidity proxies. The only proxies that change daily
are High-low and Closing Quoted spread. Panels A—C compares the two daily percent-cost
proxies with daily percent-cost benchmarks. Panel A compares both daily proxies to four
percent-cost benchmarks on a global basis, Panel B compares both daily proxies with daily
percent effective spread in developed and emerging countries, and Panel C compares both
daily proxies by time period. We find essentially the same pattern as the monthly results.
Daily Closing Percent Quoted Spread strongly dominates daily High-Low. Its correlations
with all four daily percent-cost benchmarks are surprisingly high (i.e., they are only mod-
estly diminished compared to the analogous monthly proxy correlations). From the average
RMSE columns, we see that it does the best job of capturing the level of daily percent effect-
ive spread and daily percent quoted spread, whereas daily High-Low does the best job of
capturing the level of daily percent realized spread and daily percent price impact.

In summary, our daily percent-cost results follow the same pattern as the monthly re-
sults. That is, daily Closing Percent Quoted Spread is strongly dominant as the best daily
proxy. Indeed, its correlations that only modestly diminished compared to the analogous
monthly proxy correlations.

9. Daily Cost-per-Dollar-Volume Results

Table IX Panels D-F analyze four daily cost-per-dollar-volume proxies relative to daily
lambda. Daily Amihud wins the majority of contests. The average cross-sectional correl-
ations remain strong with daily Amihud turning in a correlation of 0.460. However, the
detrended portfolio time-series correlations and detrended individual time-series correl-
ations drop to a poor level of only 0.038 and 0.142, respectively. In summary, daily
Amihud is strongly correlated with daily lambda in the cross-section, but not in the time-

series and does not capture its level.
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10. Conclusion

We run horseraces of monthly and daily liquidity proxies constructed from low-
frequency stock data against liquidity benchmarks computed from high-frequency data
on forty-two exchanges over 19 years. We find that the best liquidity proxies for global
research are:

1. Closing Percent Quoted Spread is the best monthly percent-cost proxy. If Closing
Percent Quoted Spread is not sufficiently available for a given research purpose, we find
that the High-Low and FHT proxies are the next best monthly percent-cost proxies.

2. Amihud, Closing Percent Quoted Spread Impact, LOT Mixed Impact, High-Low
Impact, and FHT Impact are tied as the best monthly cost-per-dollar-volume proxy.

3. The daily version of Closing Percent Quoted Spread is the best daily percent-cost proxy.

4. The daily version of Amihud is the best daily cost-per-dollar-volume proxy.

Supplementary Material

Supplementary data are available at Review of Finance online.

Appendix: Existing Low-Frequency Proxies

Roll 2,/—Cov(AP;,AP; 1)/P when Cov(AP;,AP; 1) < 0
oll =
0 when Cov(AP;, AP;—1) > 0,

where P is the average price in a given stock-month.

2,/=Cov(AP;,AP;,,)/P when Cov(AP;,AP;,;) < 0

Extended Roll =
0 when Cov(AP;,AP;, ;) > 0,

where AP; =z, - P;_1and 2, is the residual from ar, — 7y = o + p(re — 74) + 21

Effective Tick = Z’ R on a $1/8th price grid is:

2F; ji=1
F=->forj=1,2,....;Uj = { 2F — Fiy j=2,3,...] —1;
N,
; / Fj = Fia i=1]
Min[Max{Uf,O}7 1] j=1

=
I

j—1
Min [Max{U;,0},1=> 9| ji=2,....J;
k=1

where F; is the probability of trades on prices corresponding to the j-thspread, U; be the un-
constrained probability of the j-th spread, j; be the constrained probability of the j-th
spread, and s; is the j-th spread. The decimal price grid formula is in Appendix A of Holden
(2009). Detailed examples are at www.kelley.iu.edu/cholden/examples.pdf.
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LOT Mixed = oy — a1, where o (ay) is the trans cost to buy (sell) and is estimated using :

Hln R + o1 — R
o o

1

Mag O T[N () - ()|

1 [R;+ o — PRy
XH;”|:—O_ :|

2

where R;(R;) is the own return (market return), o is the return volatility,and f is the stock’s

market sensitivity,S.T. o1 <0,00 > 0,>0, and ¢ > 0. LOT Mixed is capped at a max value of 1.5.

Region 0 is Rj =0, region 1 is Rj; #0 and R, > 0, and region 2 is Rj; # 0 and
R, < 0.

LOTY — split = 0y — ay where everything is the same as LOT Mixed, except that region
0 is Rjy =0, region 1 is Rjy > 0, and region 2 is Ry < 0 and no upper bound cap is
imposed.

Zeros:&%7 where ZRD = the number of zero returns days, TD = number of trading

days, and NTD = number of no-trade days in a given stock-month.

High — Low=Average (2(161 i ); where o, = \/3_2\/\—/_ Ea) \/—, p; is the sum over
2 days of the squared daily log(High/Low), and v, is the squared log(High/Low) where the
High (Low) value is over 2 days.

Closing Percent Quoted Spread=Average ( Closing Ask—Closing Bid; )

(Closing Ask,+Closing Bid,)/2

Amihud=Average (Wl‘olumel)’ where the average is computed over positive volume days
only and where 7; is the stock return on day # and Dollar Volume, is the US dollar value of
volume on day ¢.

The ten cost-per-dollar-volume measures below for month 7 (or in some cases day 7) are
based on the “Extended Amihud” class of proxies as defined in Goyenko, Holden, and

Trzcinka (2009), section 5.2:

Roll Impact;=Roll/(Average Daily US Dollar Value of Local Volume),.

Extended Roll Impact;=Extended Roll;/(Average Daily US Dollar Value of Local Volume),.
Effective Tick Impact; = Effective Tick;/(Average Daily US Dollar Value of Local Volume),.
LOT Mixed Impact;=LOT Mixed,/(Average Daily US Dollar Value of Local Volume),.
LOT Y-Split Impact;=LOT Y-Split/(Average Daily US Dollar Value of Local Volume),.
FHT Impact,=FHT/(Average Daily US Dollar Value of Local Volume),.

Zeros Impact; = Zeros,/(Average Daily US Dollar Value of Local Volume),.

Zeros2 Impact; = Zero2 /(Average Daily US Dollar Value of Local Volume),.

High-Low Impact; =High-Low//(Average Daily US Dollar Value of Local Volume),.
Closing Percent Quoted Spread Impact; = Closing Percent Quoted Spread;

/(Average Daily US Dollar Value of Local Volume);.

Pastor and Stambaugh=T", from the regression: 7¢, ; = 0 + ¢r; + I'sign(r{)(Volume,) + &,
where 7¢ is the stock’s excess return above the market portfolio on day ¢, 0 is the intercept,
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¢ and T are regression coefficients, and ¢; is the error term. For LOT Mixed, LOT Y-Split,
and Pastor and Stambaugh that require a market return, we use the local country value-
weighted market portfolio.

Volumez>

[7] '

Amivest=Average (
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