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WHY ARE BID/ASK SPREADS
IMPORTANT?

Exchange-traded funds (ETFs) are
commonly used investment vehicles that
blend the investment benefits and charac-
teristics of traditional mutual funds with
the trading flexibility of individual securi-
ties." Although this flexibility is part of what
makes ETFs so appealing, it exposes investors
to the nuances of transacting in fund shares
on stock exchanges. In addition, the liquidity
added by the capability to purchase or sell
shares at any point during the trading day is
not without cost. ETF investors are subject to
costs similar to those incurred when trading
individual securities.

An ETF’s intraday trading costs include
the fund’s bid/ask spread at the time of the trans-
action, any market impact that moves the
spread beyond the target price, and fees
charged by a broker to transact less any price
improvement the broker provides.” Although

'For additional commentary on the use of ETFs
versus traditional mutual funds, see Dickson, Kwon,
and Rowley Jr. (2015).

*An ETF’s bid/ask spread is the difference
between the highest price at which market partici-
pants are willing to buy that security (bid) and the
lowest price at which they are willing to sell it (ask).
Price improvement refers to the practice of a broker
executing a client trade at a price inside the quoted
bid/ask spread, usually driven by crossing transactions
from different clients.
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investors should be mindful of the total costs of
an ETF over time, including the expense ratio,
the bid/ask spread is an important measure
of the one-time cost incurred when trans-
acting. The wider the spread, the more it costs
to transact in an ETF, effectively reducing
the net investment (or proceeds) when buying
(or selling). Because an ETF’s spread can vary
from less than one basis point to a few hun-
dred basis points, investors must trade intel-
ligently to avoid wider-than-average spreads
when possible.

Most practitioners regard the trading
volume of an ETF’s shares and the liquidity
of its underlying holdings as the main drivers
of spreads. A significant amount of research
indicates that high trading volume correlates
with tighter spreads (Agrrawal and Clark,
2009). Relatively higher trading volume
indicates a larger community of buyers and
sellers, which creates greater price discovery,
increases price competition to complete a
transaction, and reduces spreads.

An ETF’s spread can also be aftected by
the liquidity of the fund’s underlying secu-
rities. The ETF’s creation and redemption
mechanism creates an arbitrage band set by the
transaction costs of the underlying portfolio
(Vanguard Asset Management, 2015). For
US equities, the correlation between market
capitalization and trading volume results in
large-capitalization stocks generally having
tighter bid/ask spreads than small-cap stocks.
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ETFs that track a particular market-capitalization
segment of the equity market tend to reflect the liquidity
costs of that segment.

In addition to these fund-specific factors, industry
conventional wisdom advises investors to avoid trading
near market open and market close, when spreads may
be wider.” Our research attempts to quantify the effect
of time of day on bid/ask spreads during the average
trading day for US-listed domestic equity ETFs. Our
analysis includes controls for known spread drivers such
as volume and general characteristics of underlying port-
folios. We also add controls for the ETF issuer, based
on several assumptions. First, investors with different
trading behaviors may have a preference for certain ETFs.
Second, an issuer’s full lineup might have characteristics
not captured by our controls, such as investments in an
efficient creation and redemption mechanism. Third,
issuers may have different approaches to engagement
in the ETF liquidity provider community, influencing
how their funds trade.

In the rest of this paper, we describe our data
sample and methodology, review the summary results of
our analysis, show the results of our multivariate regres-
sions, offer some additional considerations, and present
our conclusions.

EXAMINING SPREADS THROUGHOUT
THE TRADING DAY

Our analysis was inspired by the methodology
established by Ozenbas, Pagano, and Schwartz (2010).
For that study, the authors divided the trading day into
30-minute windows to examine the effect of time of day
on stock price volatility. For our research, we divided
the trading day into 5-minute periods (78 total). After
testing numerous intervals, we concluded that this
method captured the data sufficiently finely to reveal
subtle market trends.*

*For industry examples that argue against trading at market
open and close, see Pollack (2017), Anderson (2017), Direxion
(2018), Fidelity (2018), Charles Schwab (2014), BlackRock (2018),
Hammond and Lieder (2015), and Dickson and Rowley Jr. (2014).

* A time window is an aggregation of all data points observed
between exactly the start of the interval and the last millisecond
before the start of the next interval. For example, the 9:30-9:35
a.m. interval runs from 9:30 a.m. until the last millisecond of
9:34 a.m.

SprING 2019

From OneMarketData LLC, we collected
millisecond-by-millisecond trade price, volume, and
National Best Bid and Offer (NBBO) quote data for
available US-domiciled domestic equity ETFs (as
defined by Morningstar Direct) for 247 full trading
days during 2017.”> We calculated each fund’s average
bid/ask spread in basis points (based on NBBO) during
each time window.® Although each interval contained an
average spread for every fund, not all observations had
complete volume data. Therefore, our analysis omitted
any observations that did not contain volume data.’

Our dataset did not include the opening and closing
auctions, when stock exchanges match orders entered
before the auctions, because the matching process differs
from that of transacting during the trading day. We used
Morningstar Direct to identify each fund’s issuer and
market capitalization category (large-, mid-, or small-
cap—our proxy for the liquidity of a fund’s underlying
securities). Exhibit 1 displays a summary of our data.”

Exhibit 2 shows the mean and median average
ETF bid/ask spread during each 5-minute interval
throughout the trading day. Spreads are especially wide
immediately following market open and then appear
to level off. Furthermore, counter to the more qualita-
tive guidance that many ETF issuers have historically
provided, spreads actually appear to tighten near the end
of the day. Therefore, investors who typically transact
at NBBO in domestic equity ETFs may want to avoid
the market open to reduce transaction costs but perhaps
need not worry about placing orders in the afternoon.

*We chose to include only US-domiciled domestic equity
funds to eliminate complications associated with other asset classes,
namely the differing market hours and pricing uncertainty of inter-
national equity and bond markets. Because of the sheer number of
observations in an intraday dataset, our analysis focused exclusively
on 2017. We chose to exclude the 3 days with early market close in
2017 to better represent spreads during the average trading day. We
also excluded leveraged ETFs because their market behavior differs
from that of general domestic equity funds.

°To calculate average spread in basis points, we took the bid
value and ask value of every NBBO quote posted during each time
window and calculated as follows: {(ask price — bid price)/[(ask
price + bid price)/2]} X 10,000. We then calculated the average of
all spread observations that occurred in each time window.

"The proportion of omitted observations was fairly evenly
distributed across all time intervals, with a median omission
of 4 percent. No interval omitted more than 5 percent of all
observations.

*We converted average spread and volume to natural loga-
rithm form to linearize the data.
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ExHIBIT 1
Summary of Data

Standard Standard Number of First Third
Variables Mean Error Deviation Observations Quartile Quartile
Bid/Ask Spread 22.89 0.14 33.54 55,781 6.32 27.57
(Natural log) 2.61 0.00 1.06 1.84 3.32
Notional Volume $17,163,660 $492,954 $11,875,118 55,781 $81,932 $2,948,632
(Natural log) 13.15 0.01 2.75 11.31 14.90
Large-Cap Spread 18.28 0.16 27.48 30,127 4.66 23.08
(Natural log) 2.38 0.01 1.06 1.54 3.14
Mid-Cap Spread 26.47 0.28 37.58 17,728 8.53 37.58
(Natural log) 2.81 0.01 0.99 2.14 3.43
Small-Cap Spread 32.33 0.46 41.13 7,926 13.01 37.90
(Natural log) 3.05 0.01 0.96 2.57 3.63

Note: When the mean, standard error, standard deviation, and first- and third-quartile spread figures are not in natural log scale, they are shown
in basis points.

Source: Authors” calculations, using data from OneMarketData LLC and Morningstar Inc.

EXHIBIT 2
Typical ETF Spread: Wider in the Morning and Tighter in the Afternoon
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Notes: This exhibit displays the mean and median average bid/ask spread for all time intervals. An ETF’s average bid/ask spread is the mean of its spreads
in each of the 5-minute intervals (78 total) for all trading days in our 2017 sample.

Source: Authors” calculations, using data from OneMarketData LLC.

Our finding that spreads appear to be widest in not appear to tighten to near an intraday average value

the early hours of the trading day supports the gen- until after 10:00 a.m. This result suggests that inves-

eral consensus that market participants collectively
set ETF spreads relatively wider in the morning. This
circumstance allows for price discovery in a fund’s
underlying securities stemming from overnight news
(Oztekin, et al. 2017). After market open, spreads do

8 ExAMINING INTRADAY ETF LiQuipity: When Should Investors Trade?

tors should refrain from trading for a bit longer than
previously believed to allow for completion of the price
discovery process.

Exhibit 3 suggests that the liquidity of a fund’s
underlying securities is an important driver of spreads.
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EXHIBIT 3
Tighter Spreads with More Liquid Portfolios
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Notes: This exhibit displays the distribution of average bid/ask spreads for each fund category as represented by the mean of each ETF’s bid/ask spread in
each of the 5-minute intervals (78 total) for all trading days in our 2017 sample. The boxes include the 75th to 25th percentile values; the whiskers extend

to the 95th and 5th percentile values; and the dashes represent the median value.

Source: Authors’ calculations, using data from OneMarketData LLC and Morningstar Inc.

EXHIBIT 4
Falling Spreads as Trading Volume Increases
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Notes: This exhibit displays the relationship between ETFs” average bid/ask spread and average trading volume, as represented by their respective means
in each of the 5-minute intervals (78 total) for all trading days in our 2017 sample. Spread and volume are shown in logarithmic scale.

Source: Authors” calculations, using data from OneMarketData LLC and Morningstar Inc.

We used Morningstar fund category as a proxy variable
for this liquidity.”

As expected, we found that ETFs that invest pri-
marily in large-cap securities averaged tighter spreads

Our analysis relies on the assumption that, all else equal,
large-cap securities are more liquid than mid-caps, which are, in
turn, more liquid than small-caps.

SprING 2019

over our sample period. As the market capitalization of
the underlying securities decreased, the mean and vari-
ance of average spreads increased.

In addition, our results show that a fund’s average
spread is strongly correlated with trading volume, a rela-
tionship generally accepted by the ETF industry (ETF.
com, 2018). As shown in Exhibit 4, the spreads fall as
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trading volume increases. The R-squared for a univariate
regression of log of average spread on log of volume is
59.1 percent.

WHAT DRIVES ETF SPREADS?

To test the statistical robustness of our findings, we
conducted a series of linear regressions. We structured
each regression as a pooled panel least-squares linear
model. First, we regressed average natural log of spread
on time interval. Next, we conducted three stepwise
regressions that controlled for fund category, (natural
log of) volume, and issuer. We defined our ultimate
multivariate model as follows:

Log Avg. Spread,,
= o+ B,Time Interval, + B,Fund Category,
+B,Log Volume,, + B Issuer, + €, ,1°

where

Log Avg. Spread,, is the natural log of average spread
for a fund “i” at each time interval “t”.

Time interval, is a 1/0 variable indicating in which of the
time intervals the observation falls.

Fund Category, is a 1/0 variable indicating whether the
fund is large-, mid-, or small-cap.

Log Volume, , is the natural log of average volume for a
fund “i” at each time interval “f”.

Issuer, is a 1/0 variable indicating the fund’s issuer.

Exhibit 5 displays the results of this model.

Panel A displays the results of regressing average
bid/ask spread only on time interval. Our findings indi-
cate that, all else equal, average spreads are significantly
wider during the first 50 minutes of the trading day
than during the control period. The first seven inter-
vals (35 total minutes) are significant to 0.1 percent; the
next three (15 total minutes) are significant to at least
5 percent. Near market close, the spreads tighten: Four of
the final five intervals are significant to at least 5 percent.

Panel B displays the results after incorporating
fund category, the proxy variable for an ETF’s under-
lying liquidity. As expected, the mid-cap and small-cap

""We chose 12:00-12:05 p.m. as the control for time inter-

vals and selected large-cap for category. We chose Ark Investment
Management as the control for issuers because it had the median
average issuer bid/ask spread.
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fund variables have positive coefficients and are highly
significant; they have wider spreads than large-cap funds.
The time interval coefficients remain substantially
similar to those in Panel A. The adjusted R-squared
increases from 2.4 percent to 8.6 percent.

Panel C displays the results after adding average
trading volume. Higher volume is associated with
tighter spreads and is highly significant. Trading volume
is also a powerful explanatory variable; the introduction
of volume causes the adjusted R-squared to jump more
than 50 percentage points. The fund category coeffi-
cients remain substantially similar, suggesting that inves-
tors should pay attention to an ETF’s underlying asset
class even for heavily traded products.

After controlling for volume, our results indicate
that the widest spreads of the trading day still occur in
the first 40 minutes. Among the final five time intervals,
only the coefticient for the last one is statistically dis-
tinguishable from zero; it flips to a positive significance
of 0.1 percent. This outcome suggests that increased
trading volume during the last 25 minutes of the trading
day causes the tightening spreads observed in the first
two panels. Exhibit 6 illustrates these trends.

Panel D shows the results after introducing an ETF
issuer fixed-effect variable to control for subtle differ-
ences among issuers that may affect average spreads. (For
more detail on the distribution of bid/ask spreads across
issuers, see Appendix A.) For example, certain investors
may have an affinity (for reasons such as product invest-
ment exposure, product structure, and/or sales and mar-
keting efforts) for ETFs from a particular issuer, leading
to liquidity profiles that differ systematically among
issuers. In addition, issuers differ in their approach to
engagement with market participants through capital
markets teams, potentially leading to different liquidity
outcomes. The introduction of the issuer variable raises
the R-squared value of the regression to 74 percent.
However, the coetficients for the key time intervals,
fund category, and volume are substantially similar to
those for Panel C."

Our multivariate regression analysis confirms our
initial finding that average spreads of domestic equity
ETFs are wider in the morning, likely the result of price
discovery occurring in the underlying equities market.

"We also conducted a regression using individual fund fixed
effects rather than issuer fixed effects. The results related to time
interval were substantially similar.
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EXHIBIT 5
Many Factors That Influence ETF Spreads throughout the Trading Day

Independent
Variables Panel A Panel B Panel C Panel D
9:30-9:35 1.06%** 1.06%** 1.18%%* 1.18%***
9:35-9:40 0.60%*** 0.60%** 0.66%** 0.66%***
9:40-9:45 0.41%** 0.41%** 0.46%** 0.45%*
9:45-9:50 0.30%*** 0.30%** (0.33%%% 0.33%***
9:50-9:55 0.23%*** 0.23 %% 0.27%#%* 0.26%**
9:55-10:00 0.24%** 0.24%%* 0.27%** 0.27%**
10:00-10:05 0.22%%* 0.23%%* 0.26%** 0.26%**
10:05-10:10 0.15%* 0.15%* 0.20%** 0.20%**
10:10-10:15 0.12* 0.13* 0.15%** 0.15%**
10:15-10:20 0.11* 0.12%* 0.15%%* 0.15%**
10:20-10:25 0.08 0.08 0.1 0.10%**
10:25-10:30 0.12% 0.12% 0.16%** 0.16%**
10:30-10:35 0.10 0.10 0.3 0.13%***
10:35-10:40 0.05 0.05 0.07* 0.06*
10:40-10:45 0.06 0.06 0.09%** 0.09%**
10:45-10:50 0.05 0.05 0.06 0.06*
10:50-10:55 0.02 0.03 0.04 0.04
10:55-11:00 0.04 0.04 0.07* 0.06*
11:00-11:05 0.02 0.03 0.02 0.02
11:05-11:10 0.01 0.02 0.04 0.04
11:10-11:15 0.03 0.04 0.06* 0.06*
11:15-11:20 0.07 0.06 0.09** 0.09%***
11:20-11:25 0.04 0.04 0.05 0.06*
11:25-11:30 0.04 0.04 0.06* 0.06*
11:30-11:35 0.05 0.05 0.08** 0.08**
11:35-11:40 0.04 0.05 0.06 0.05*
11:40-11:45 0.02 0.02 0.03 0.03
11:45-11:50 0.00 0.00 0.00 0.00
11:50-11:55 0.01 0.01 0.01 0.01
11:55-12:00 0.02 0.02 0.00 0.01
12:05-12:10 —0.00 —0.00 —-0.01 -0.01
12:10-12:15 —-0.01 —0.01 —0.03 -0.03
12:15-12:20 —0.00 —0.00 —-0.03 —-0.03
12:20-12:25 —0.01 —0.01 —0.03 —0.03
12:25-12:30 —0.04 —0.03 —-0.05 —0.04
12:30-12:35 -0.02 —0.02 —0.05 —0.05
12:35-12:40 —0.03 —0.03 —-0.05 —0.04
12:40-12:45 -0.02 —0.02 —0.05 —0.05
12:45-12:50 -0.04 —0.04 —0.07* —0.07**
12:50-12:55 —0.04 —0.04 —0.07* —0.06*
12:55-1:00 —0.04 —0.04 —0.08** —0.08%*
(continued)
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EXHIBIT 5 (continued)
Many Factors That Influence ETF Spreads throughout the Trading Day

Independent

Variables Panel A Panel B Panel C Panel D
1:00-1:05 -0.01 —-0.01 —-0.05 -0.04
1:05-1:10 —-0.03 —-0.03 -0.07* -0.07*
1:10-1:15 -0.04 —0.04 -0.07* —0.06*
1:15-1:20 -0.04 —0.04 —0.08%* —0.09**
1:20-1:25 —-0.05 —-0.05 —0.11%** —0.11%%*
1:25-1:30 -0.04 —0.04 -0.07* -0.07*
1:30-1:35 -0.04 —0.04 —0.06* —0.05*
1:35-1:40 —-0.05 —0.04 —0.08* —0.07**
1:40-1:45 -0.03 —-0.03 —0.04 -0.04
1:45-1:50 -0.06 —0.06 -0.06 —0.06*
1:50-1:55 —-0.05 —-0.05 —0.06* —0.06*
1:55-2:00 -0.00 —-0.00 0.00 0.00
2:00-2:05 0.08 0.08 0.09%** 0.10%**
2:05-2:10 —-0.03 —-0.03 -0.01 —-0.01
2:10-2:15 -0.03 -0.03 0.00 -0.00
2:15-2:20 -0.03 -0.03 -0.00 —-0.00
2:20-2:25 —-0.05 —-0.05 -0.02 —-0.03
2:25-2:30 —-0.05 —-0.05 -0.03 —-0.02
2:30-2:35 -0.06 —0.06 -0.02 -0.02
2:35-2:40 -0.06 —0.06 -0.02 -0.02
2:40-2:45 -0.06 —0.06 -0.01 -0.01
2:45-2:50 -0.03 -0.03 0.03 0.02
2:50-2:55 -0.04 —0.04 0.01 0.00
2:55-3:00 —-0.06 —0.06 -0.01 -0.01
3:00-3:05 -0.06 —0.06 -0.00 -0.00
3:05-3:10 —0.08 —-0.08 -0.03 -0.03
3:10-3:15 —0.08 —0.08 -0.02 —0.02
3:15-3:20 -0.09 -0.09 0.00 0.00
3:20-3:25 -0.09 —-0.08 0.00 —-0.00
3:25-3:30 -0.09 —-0.09 0.00 -0.00
3:30-3:35 -0.09 -0.09 0.01 0.00
3:35-3:40 —0.11%* —0.10* 0.02 0.01
3:40-3:45 —0.11%* —0.11%* 0.01 0.00
3:45-3:50 —-0.10 -0.10 0.05 0.04
3:50-3:55 —0.12* —0.12* 0.03 0.02
3:55-4:00 —0.17** —0.16** 0.12%%%* 0.11%%*
Mid-cap 0.43%*%* 0.39%** 0.34%%*
Small-cap 0.67**%* 0.55%*%* 0.52%%%*
Volume (log) —0.29%** —0.27%**
Issuer fixed effect No No No Yes
Adjusted R-squared 2.4% 8.6% 66.6% 74.0%

Notes: * Significant to 5 percent. *% Significant to 1 percent. * Significant to 0.1 percent.
Source: Authors” calculations, using data from OneMarketData LLC and Morningstar Inc.
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EXHIBIT 6

Higher Trading Volume Trends toward the End of the Day
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Notes: This exhibit displays the mean average trading volume for all time intervals. An ETF’s average trading volume is the mean of its trading volume
in each of the 5-minute (78 total) time intervals for all trading days in our 2017 sample.

Source: Authors” calculations, using data from OneMarketData LLC.

The result is statistically robust after controlling for fund
category, trading volume, and issuer effects.

Average spreads appear tightest in the 25 minutes
before market close; however, this effect is reversed
after adding controls for fund category and volume.
Average spreads then appear elevated during the final
5 minutes, perhaps reflecting some uncertainty or
hedging activity toward the end of the trading session.
However, because the final 25 minutes are marked by
substantially increased volume, the overall effect is one
of tighter bid/ask spreads. Therefore, our findings do
not support the typical historical guidance that inves-
tors should avoid trading near the close of the trading
day, at least when transacting at NBBO for domestic
equity ETFs.

Exhibit 7 displays the resulting coefficient for
each time interval from the Panel D regression, high-
lighting intervals significant to 0.1 percent. It shows a
statistically significant widening of spreads at 2:00 p.m.,
when the Federal Open Market Committee (FOMC)
makes announcements. This result suggests that market
participants are pricing uncertainty into ETF spreads at
this time. However, results from Panels A and B indicate
that greater volume near the time of the announcement

SprING 2019

offsets that effect. For that reason, we advise investors
to be vigilant when trading near the time when the
FOMC is scheduled to make announcements, notably
those related to interest rate changes. Although investors
should be aware of general market conditions when-
ever transacting, this finding seems to highlicht FOMC
announcement time frames as specific recurring periods
of potentially elevated spreads. During such times,
investors should be mindful of the order type they are
using and their overall approach to trading in order to
minimize transaction costs.”

ADDITIONAL CONSIDERATIONS

Because we analyze the NBBO spreads of US-
equity ETFs, our conclusions are a useful reference
for most investors. They may not apply to all inves-
tors in all ETFs; some of their trades may be affected
by size and how they access the market. For example,
some investors might be able to tap into off-exchange
liquidity if the liquidity providers can access an ETF’s

" For additional information on trade order types, see US
Securities and Exchange Commission (2017).
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EXHIBIT 7

Time of Day as a Significant Driver of an ETF’s Bid/Ask Spread
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Notes: This exhibit shows the coefficient for each 5-minute period after (natural log of) average bid/ask spread was regressed on time interval, fund category,
(natural log of) average trading volume, and issuer (results from Panel D). T-statistic determines both the shading and relative size of each
bubble. Solid bubbles indicate significance to 0.1 percent. Relatively larger bubbles indicate relatively larger absolute t-statistic values.

Source: Authors” calculations, using data from OneMarketData LLC and Morningstar Inc.

primary market.”” ETFs that track indexes of asset
classes other than US equity, are listed outside the
United States, or employ more complex investment
strategies (such as leverage) may also have different
trading characteristics.

Because NBBO serves as an estimate of an inves-
tor’s likely transaction costs, this analysis retlects neither
the market impact of actual realized trades larger than
the size posted at NBBO nor the price improvement that
a broker may offer. Moreover, while we focus on bid/ask
spreads, we encourage investors to evaluate ETF invest-
ments in the context of their total cost of ownership.

" The primary market for ETF shares is a transaction between
the ETF issuer and the authorized participant, which then transacts
in the public secondary market on an exchange.

14 ExAMINING INTRADAY ETF LiQuinrty: When Should Investors Trade?

CONCLUSION

Our analysis supports the argument that ETF
investors should avoid trading near market open because
of ongoing price discovery in the funds’ underlying
holdings. Our results do not support industry conven-
tional wisdom that investors should avoid trading US
domestic equity ETFs near the close of the trading day.
To the contrary, we find that average bid/ask spreads
continue to tighten at that point as a result of increasing
trading volume. Unexpectedly, we also find that after
controls, spreads are higher during the time of day
when FOMC announcements take place, confirming
the practitioner guidance of avoiding trading during
periods of uncertainty.
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APPENDIX A

Average Bid/Ask Spread by Fund Issuer

)
— e
—
|‘
R
o —
——
—_———
— e
S
——
—mp—
—+
S
—
—
—
——— R, ——
—+
—— —
— m
— e
ILV
—
— =
—_— e
— . —
—————— =
S
=
—_— e
— -
—

——

e
e

100

90

80

(=) (=3 (=3 (=] (=3
[ =) v <t o

(syurod siseq) peaadg 95194y Jo uonnqLysIq

(=3
N

10

D717 yuowoSeue [eyde) 0osaAu]
(D17 ‘S1I0SIADY N M D) Sunisoau] axrdsuf
D711 Quowdeuey [eyde) J0jeaouu]
DT ‘s10s1ApY eide)) amjonyseryuy
DT SI0SIAPY QIXopuf

sareys A391eng uoySununy

DT SIUSUISIAU] UOZLIOH

D717 ueuwnioy

Jd'T ‘YuowaSeue]A 19SSy SYORS UBWIP[OD)
D711 Auedwo)) juswadeury X [8qO[D
D11 Quowddeuey [eyde) opoon

sjau uoye[dway, urpyuesj

SOI[0] B[NUIIO,]

d7T SIOSIAPY ISNI], IS, |

D11 0D 199198 ANjaptg

OTTINDAA

DT ‘ssdaduo)) papei], a5ueyoxyg

D71 ‘dnoin) sia8eueN {19

DT sidured awoou] A31oug

D717 ‘spuny paromodurg

DT ‘SIUQUIISOAU] UIOYY[

d'T SIOSIAPY pun,j [euoIsuowrI(]

-ou] quowdSeurA [ende) [[IH puowrelrq
DT SI0SIAPY d1501ens Xad

7T SIOSIAPY PAJ0[os SIAB(]

DT ‘SI0SIAPY NMD

spun, 1e SO

DT SldulIed JUSWISIAU] dU0)SIOUIO))
DT ‘SIOSIAPY JUOUSIAU] JWSA BIqUINO))
DT ‘SiuounsoAu] oSprgies|)

*ou] ‘sIoUME] [eIOURUL] 010U

"OU] ‘JUSWIASBURIA] JUSW)SIAU] qBMYDS SI[IBYD)
4T YuowaSeuRA JUSUNSIAU] BLIQUIE))
LSNYL 419 VIYdINVD

*** BOLIOULY HON JuowdSeur]A 19SSy UO[[OIN ANE
DT QuowddeurA 10ssy AYS onjg
SIOSIAPY pun,J Jooyoe[q

spun,f Moy

DT JuswaSeur A JUSUNSIAU] YV
spaAjdury

A19 SdTV

"ou] ‘SIOSIAPY STV

DT ‘SI0SIAPY e Neyd] Y

JSNI], SAIRYSIOSIAPY

spunq [SOV

(continued)

15

THE JOURNAL OF INDEX INVESTING

SprING 2019

Downloaded from https://pm-research.com/content/iijindinv/9/4, by guest on April 18, 2024. Copyright 2019 With Intelligence LLC.
Itisillegal to make unauthorized copies, forward to an unauthorized user, post electronically, or store on shared cloud or hard drive without Publisher permission.



APPENDIX A (continued)

Average Bid/Ask Spread by Fund Issuer
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Notes: This exhibit displays the distribution of average bid/ask spreads for each fund issuer as represented by the mean of each ETF’s bid/ask spread in each

of the 5-minute (78 total) intervals for all trading days in our 2017 sample. The boxes include the 75th to 25th percentile values; the whiskers extend

to the 95th and 5th percentile values; and the dashes represent the median values.

Source: Authors” calculations, using data from OneMarketData LLC and Morningstar Inc.
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