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Abstract. Using a comprehensive multi-year U.S. dataset, we show that off-exchange
(wholesaler) executions tend to benefit retail investors by separating their flow from
the more toxic non-retail flow. Although the wholesale industry is concentrated, three
findings suggest that wholesalers may not abuse market power. Firstly, brokers reward
wholesalers who offer lower liquidity costs with more order flow. Secondly, the largest
wholesalers offer the lowest costs, due to economies of scale. Finally, the entry of a new

large wholesaler does not result in a reduction of liquidity costs.
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1. Introduction

In the United States, trading volume generated by retail investors represents close to 20%
of total trading volume.' Retail brokers typically send customer orders to over-the-counter mar-
ket making firms known as wholesalers. Wholesalers internalize liquidity demanding orders by
buying from retail sellers and aiming to re-sell to retail buyers, capturing the bid-ask spread. A
portion of the spread is retained by the wholesaler, another portion goes to the retail broker as
payment for order flow (PFOF), and yet another portion is passed on to the retail trader as price
improvement. While wholesalers internalize liquidity demanding orders, they send liquidity pro-
viding orders to exchanges since regulation requires such orders to be displayed.

Many markets around the globe fully or partially prohibit internalization of retail flow, so
the U.S. landscape is rather unique. In the other markets that allow for internalization, the share
of internalized retail orders is relatively low, and the majority of such orders still end up on
exchanges.” In the U.S., the situation is reverse, and exchanges typically see only a minor portion
of retail flow, usually representing the exhaust that wholesalers do not wish to internalize.

Which approach to handling retail flow brings more benefits to retail investors is an empirical
question. On the one hand, separating retail and institutional investors may benefit the former as
their orders cost less to intermediate, allowing for lower liquidity costs. On the other hand, the
wholesale market segment may not be sufficiently competitive, and the liquidity cost savings may
be captured by the wholesalers instead of being transferred to retail investors.>

How retail orders are handled is currently actively debated. On the one hand, some observers

argue that wholesalers wield (and abuse) market power and provide limited benefits to retail in-

1“Retail Trading Just Hit An All-Time High,” by D. Saul, Forbes, February 3, 2023 (https://bit.1ly/
30SBvtB).

2For instance, in Canada, more than 90% of retail flow executes on exchanges. See “Exchange Q&A: Adam
Inzirillo, Cboe Global Markets” (https://bit.1ly/3NoArqa).

3In the U.S., two wholesalers — Citadel Securities and Virtu Financial — capture more than 70% of retail flow.
Industry participants often express concerns with this level of market concentration. See, “IEX Supports SEC Equity
Market Proposals,” by A. Lyudvig, Traders Magazine, March 22, 2023 (https://bit.1ly/3Hks0K2).
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vestors. They suggest that price improvement offered by wholesalers tends to be de minimis, or
the smallest amount possible.* To enhance competition in this segment, the Securities and Ex-
change Commission (SEC) is considering implementing a system of auctions, in which whole-
salers would compete for each individual retail order, obtaining execution rights only if they
provide the largest amount of price improvement. On the other hand, wholesalers argue that it is
retail brokerage firms that have market power, and that they route orders to wholesalers because
it is in the best interest of their retail clients. Wholesalers claim that they offer significant price
improvement, and that retail investors are well-served by the current system.

Reconciling these possibilities is an empirical task, and we do so using public data contained
in the SEC Rule 605 reports.” Each order-handling venue must file such reports on a monthly
basis to maintain a public record of execution quality. In a comprehensive sample of all U.S.
equities traded from January 2019 through December 2022, we carefully compare the benefits
of wholesaler and exchange executions and find that retail orders are better off being routed to
wholesalers. We also show that abolishing the wholesaler system would cost retail investors close
to a billion dollars per month in additional trading costs.

Notably, the data show that both wholesalers and exchanges offer unique execution benefits.
On their part, wholesalers provide substantial price improvement, that is, they execute liquidity-
demanding orders at prices that are better than those offered by exchanges. Wholesaler price
improvement is far from de minimis. An average retail order in our sample receives price im-
provement of 24% of the quoted spread.® More strikingly, a retail order in an average S&P 500

stock receives price improvement of 47% of the quoted spread. By comparison, price improve-

“This wide-spread perception seems to originate from a July 2012 study by Nanex (https://bit.ly/
300ijgp).

A recent analysis by the SEC shows that these reports are highly consistent with the audit trail data avail-
able to the agency. See Release 34-96495 “Order Competition Rule” from December 14, 2022 (https://bit.1ly/
3v1Z96V).

For example, if a stock trades at $50.00 on the bid and $50.10 on the offer, a retail trader would typically
purchase it at $50.088 instead of $50.10 and sell at $50.012 instead of $50.00. The average quoted spread in our
sample is $0.091.
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ment offered by exchanges is only 3% in the full sample and 5% in S&P 500 stocks. As such,
along one dimension of execution quality, wholesalers offer a clear advantage.

Another important execution quality dimension is the cost of generating liquidity. Insofar
as liquidity is supplied by professional market makers, including wholesalers, two considerations
come into play. First, market makers incur three costs: the adverse selection cost, the cost of hold-
ing inventory, and the technology cost. Second, they aim to make profits. Researchers typically
measure the adverse selection cost by estimating trade price impacts, the difference between the
midquote at the time of a trade and the midquote at a future time. Adverse selection cost arises
when midquotes increase after a buyer-initiated trade and decrease after a seller-initiated trade.
Wholesalers are professional market makers facing notably lower adverse selection cost. In our
sample, order flow received by them generates 30% less price impact than the exchange-bound
flow.

Adverse selection costs aside, the inventory and technology costs as well as market making
profits are captured by a conventional metric, the realized spread, which is the difference between
the effective spread (the market maker’s liquidity provision revenue) and the price impact. The
data show that exchanges offer realized spreads that are substantially lower than those offered by
wholesalers. How does the difference in realized spreads arise? On exchanges, limit orders sub-
mitted by market making algorithms compete with limit orders submitted by non-market mak-
ing algorithms. The latter operate multiple strategies: from limit order legs of latency arbitrage
(Aquilina, Budish, and O’Neill (2021)) to managing institutional investment positions (O’Hara
(2015)). Covering market making costs and earning liquidity provision profits is not as important
to non-market making algorithms as to their market making counterparts, if at all. Therefore,
exchange realized spreads should be smaller than those observed in a pure market maker setting.
According to industry estimates, pure market making algorithms represent about 16% of all lig-

uidity provision on modern exchanges.” With such a split, exchange liquidity should be cheaper

7“Who is Trading on U.S. Markets?” by P. Mackintosh, January 28, 2021 (https://bit.1ly/3za9W1k).
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than wholesaler liquidity, as confirmed by our data.

We examine Rule 605 reports from 14 U.S. exchanges and from the largest eight wholesalers
for a sample of more than 3.6 trillion traded shares.® We focus on liquidity-demanding orders
because wholesalers mainly internalize these orders. For wholesalers, the data primarily cover
retail flow. For exchanges, the data predominantly cover institutional flow because wholesalers
absorb most of the retail flow. For simplicity, in the following sections, we refer to trades executed
by wholesalers as retail and trades executed by exchanges as institutional. The main analysis
focuses on 8,493 equities other than ETFs. We report the results for a sample of ETFs in the
Appendix.

The data show that while institutions tend to time their liquidity demand to periods of rel-
atively low trading costs, retail investors engage in such timing substantially less. A typical
liquidity-demanding retail order executes when the quoted spread is 31% greater than when a
typical institutional order executes. In this light, price improvement offered by wholesalers is
quite important to mitigate the trading costs facing retail investors.

The wholesale industry exhibits a relatively high level of concentration, with Citadel and
Virtu capturing over 70% of retail flow. Furthermore, none of the stocks in the sample would
be classified by the U.S. Department of Justice (DOJ) as having a competitive wholesale envi-
ronment. The DOJ often relies on the Herfindahl-Hirschman Index (HHI) for such classification,
and for each stock in the sample, the HHI indicates either moderate or high concentration among
wholesalers. It is not surprising then that some market observers express concerns about the po-
tential market power abuses by wholesalers. Although we cannot directly observe whether such
abuses occur, the data offer several indicators that lead us to think otherwise.

First, the largest retail brokerage is larger than the largest wholesaler. This suggests that mar-

ket power could potentially reside with retail brokerages rather than wholesalers. To examine this

8The exchanges include BATS, BYXX, EDGA, EDGX, IEX, MEMX, Nasdaq, NSDQ Boston, NSDQ Philadel-
phia, NYSE, NYSE American, NYSE Arca, NYSE Chicago, and NYSE National. The wholesalers include Citadel,
G1, Jane Street, Merrill Lynch, Morgan Stanley, Two Sigma, UBS, and Virtu.



possibility, we ask if retail brokerages actively manage their relationships with wholesalers by fa-
voring those that offer lower liquidity costs. The data indicate that they indeed do so. Wholesalers
that provide lower costs today are rewarded with additional order flow in the future. Interestingly,
brokerages appear to evaluate wholesalers not on a stock-by-stock basis but rather on a bundled
basis. In other words, if Citadel offers the cheapest liquidity in AAPL, it will not necessarily re-
ceive more future AAPL flow. Instead, Citadel must outperform its competitors across the entire
range of stocks to attract more order flow in AAPL or any other stock.

This finding highlights an intriguing aspect of the retail ecosystem, where the brokerages
compel wholesalers to compete in stocks that have relatively low trading frequency and high in-
ventory costs. Typically, small low-volume stocks are less attractive to intermediaries due to their
lower profitability, and market regulators and exchanges often seek ways to improve liquidity
in such stocks (Foley, Liu, Malinova, Park, and Shkilko (2023)). When we account for inven-
tory costs, our analysis suggests that wholesalers tend to charge relatively low liquidity costs in
small stocks compared to large stocks, pointing to cross-subsidization facilitated by bundling.
The proposed SEC retail trading reform aims to introduce order-by-order competition in the re-
tail segment, which would eliminate bundling. Our analysis suggests that this reform may result
in poorer intermediary-supplied retail liquidity in small stocks.’

Second, considering that the top two wholesalers capture more than two-thirds of retail flow,
their market power could potentially lead to higher costs for retail investors. Contrary to this
expectation, we observe that Citadel and Virtu charge the lowest liquidity costs, even though
they handle the most toxic retail flow. Therefore, if any market power abuses exist, they are
not immediately evident from our data. Furthermore, when we account for the trading volume
received by each wholesaler, we find that the relatively low liquidity costs charged by the top
two are entirely explained by the scale of their operations. This suggests that economies of scale

play a significant role in generating cost savings at the wholesaler level, and broker monitoring

9Ernst, Spatt, and Sun (2023) come to a similar conclusion in a theoretical model of order-by-order auctions.
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facilitates the transfer of these savings to retail customers.

Lastly, the dynamics of wholesaler competition undergo a transformation during our sample
period with the entry of a new player, Jane Street. Within a few months, Jane Street gains a sig-
nificant market share, capturing close to 15% of retail flow. If wholesalers were indeed exploiting
their market power and enjoying economic rents prior to this entry, we would expect competitive
pressures to intensify, leading to lower liquidity costs. The data however do not support this con-
jecture; we find no evidence of a decrease in liquidity costs. In fact, in low-volume stocks, the
costs increase, likely due to the incumbents’ loss of economies of scale.

In summary, despite concerns expressed by critics, it does not appear that the marketplace
for retail order flow is controlled by wholesalers. Instead, retail brokers seem to exert control
over execution quality by routing orders to wholesalers that require lower compensation for pro-
viding liquidity. The marketplace is also contestable as evidenced by a new entrant successfully
capturing a sizable market share from the incumbents in a surprisingly short time.

In our final analyses, we discuss alternatives to the current U.S. market structure for retail or-
ders. First, we contemplate what would happen if retail order flow were to be routed to exchanges
instead of the current practice of wholesalers receiving the vast majority of retail order flow from
brokers. Second, we discuss potential concerns with the current SEC proposal to introduce a
system with order-by-order competition for retail flow.

The distinctions between retail and institutional flows in our data enable us to consider what
would happen if retail flow were to shift to exchanges. Such proposals are often heard in current
market structure discussions.'” On the one hand, moving to exchanges would benefit retail in-
vestors by reducing realized spreads they pay. On the other hand, retail investors would lose price
improvements provided by wholesalers and would face higher adverse selection costs resulting

from being pooled with institutional flow. When we analyze the overall impact of such a move on

0For example, the SEC has received numerous comment letters from investors, primarily retail, advocating for
a significant reduction in off-exchange retail trading. See for instance the form letter promulgated by the We The
Investors group: https://bit.ly/434ceeE.
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retail traders, we find that they would generally be worse off on exchanges. Retail investor losses
would be accompanied by gains to institutional traders, whose costs would decline due to lower
on-exchange toxicity. Consequently, the transfer of retail flow to exchanges would essentially
subsidize institutional flow at the expense of retail flow.

Our analysis and conclusions are generally conservative, as we focus exclusively on execu-
tion costs. We, however, note that the current system of retail order flow handling is inextricably
linked to commission-free trading for retail investors. The PFOF payments that brokers receive
from wholesalers subsidize brokerage businesses, allowing some brokerages to operate without
charging commissions.'! If the current system were to be dismantled, commissions may again
be necessary, increasing the overall cost of retail market participation. If the return of commis-
sions leads to a decline in retail volumes, moving retail flow to exchanges will be less effective
in diluting the current toxicity levels making the move even less attractive.

Finally, we revisit the SEC’s proposal to overhaul retail trading practices, which involves
directing retail flow to auctions for order-by-order competition. The proposal assumes that non-
professional liquidity providers such as hedge funds, mutual funds, and pension funds would
demonstrate significant interest in engaging with retail flow and offer superior price improvement
compared to wholesalers. However, our analysis of institutional trading data indicates that this
assumption may only hold true for large stocks and may not apply to many stocks currently traded
by retail investors. Additionally, considering our earlier analysis that eliminating bundling could
potentially reduce the incentives for intermediaries to engage with retail traders in small stocks,
we caution that many retail investors would likely experience lower execution quality if the SEC
proposal were to be implemented.

Related literature. We aim to contribute to a growing literature that examines retail exe-

cution quality and the effects of wholesaler internalization on lit market quality. Notably, this

"TRobinhood has obtained an average of 71% of its revenue from PFOF in 2020-2022 (Robinhood Markets, Inc.
10-K for the fiscal year ended December 31, 2022 (https://bit.1ly/30k8MYW)).
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literature has not yet reached a consensus. On the one hand, Adams, Kasten, and Kelley (2021),
Kothari, So, and Johnson (2021), and Battalio and Jennings (2023) argue that wholesalers de-
liver retail trading costs that are lower than those offered by exchanges. Also, Jain, Mishra,
O’Donoghue, and Zhao (2022) suggest that internalization revenues may boost the ability of
market makers such as Citadel and Virtu to compete on exchanges, thereby improving overall
liquidity.'? Similarly, Baldauf, Mollner, and Yueshen (2023) show theoretically that market mak-
ers may use retail flows to offset inventory imbalances.

On the other hand, two recent studies show that internalization of retail orders may negatively
affect overall liquidity via the inventory and market power channels. Eaton, Green, Roseman, and
Wu (2022) find that some retail investors may increase market maker costs by occasionally herd-
ing and thus creating inventory imbalances. Market makers respond to herding by increasing
overall exchange trading costs. In turn, Hu and Murphy (2022) argue that the wholesale indus-
try is highly concentrated and the resulting non-competitive behavior leads to wider exchange
spreads and small price improvement for retail customers.

Our study complements this literature in several ways. First, we provide a comprehensive
analysis of retail trading costs that accounts for the wholesaler-supplied benefit of price improve-
ment and the exchange-supplied benefit of lower realized spreads. Second, we show that even
though the wholesale industry is indeed concentrated, it provides a significant net benefit to retail
investors due to economies of scale. Third, we show that retail brokerages act as monitors, as
they base future routing decisions on current wholesaler performance. Finally, we report that the
entry of a new wholesaler does not reduce wholesaler spread capture, which is inconsistent with
significant incumbent wholesaler market power.

Three concurrent studies come to overall retail execution quality conclusions similar to

ours. Adams, Kasten, and Kelley (2021) identify retail trades using the algorithm developed by

12Citadel, Virtu, and several other wholesalers perform a dual function in the modern marketplace. They serve
both as major on-exchange market makers and wholesalers.
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Boehmer, Jones, Zhang, and Zhang (2021), which has been recently shown to have limitations. In
particular, the algorithm tends to miss retail trades around the midquote and retail trades that do
not receive price improvement. It also tends to mix institutional executions (e.g., VWAP trades)
with retail executions (Barber, Huang, Jorion, Odean, and Schwarz (2022)).

Kothari, So, and Johnson (2021) use proprietary data from the Robinhood brokerage. While
their study delivers valuable insights, a complementary comprehensive analysis across multiple
brokerages may help shed light on the external validity of their inferences. Eaton, Green, Rose-
man, and Wu (2022) and Schwarz, Barber, Huang, Jorion, and Odean (2022) show that Robin-
hood trader behaviour and execution quality tend to differ from those observed for the other retail
brokerages. Battalio and Jennings (2023) also use proprietary data, but from only one wholesaler
and only for May of 2022.

We complement these studies by carefully analyzing a multi-year comprehensive public
dataset that academic researchers have only cursorily examined. According to industry partici-
pants, this dataset allows for the cleanest identification of retail order flow that is possible without
proprietary data. Not only does this dataset enable us to speak about the external validity of the
results, but it also allows for an analysis of competitive forces by observing interactions between
multiple wholesalers and retail brokerages.

Compared to the retail trading literature for equities, the literature that examines retail trading
in options is in relative consensus. Ernst and Spatt (2022) suggest that options markets provide
less price improvement compared to the equity markets and that retail brokerages have an incen-
tive to nudge their customers into options trading, which is more profitable for the brokerages yet
detrimental to customer investment returns. Along similar lines, Bryzgalova, Pavlova, and Siko-
rskaya (2022) argue that options market makers behave non-competitively and disproportionately
benefit from the growth in retail trading. Finally, Hendershott, Khan, and Riordan (2022) show
that options wholesalers engage in cream-skimming of less informed trades into auctions and

suggest that eliminating the auction structure may result in lower liquidity costs overall.
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2. Data and Sample

We obtain monthly order execution data from a service provider that focuses on compliance
and trade analytics. The service provider compiles publicly available Rule 605 and Rule 606
reports filed by execution venues in the U.S. and generously makes the resulting data available
to us. The Rule 605 data cover the period from January 2019 through December 2022 and are
described in more detail in the Appendix.

SEC Rule 605 applies to market and limit orders that are executed during regular trading
hours and contain no special handling instructions. We refer to them as basic orders.'> As an
example of a special instruction, a trader may ask that a limit order is not forwarded to venues
other than the original receiving venue, an order known as Do Not Ship. Li, Ye, and Zheng (2020)
show that orders that contain special instructions are typically submitted by sophisticated traders
such as high-frequency traders. As such, Rule 605 data cover virtually all retail orders and also
include simple institutional orders. We focus exclusively on liquidity-demanding orders because
wholesalers are required to forward liquidity-providing retail orders to exchanges. Furthermore,
motivated by our discussions with industry participants, we group market orders and marketable
limit orders together as marketable orders.

Rule 605 data include a wide range of securities (over 16,400 unique symbols). We restrict
our sample to non-ETF ordinary and Class A, B, and C shares for a total of 8,493 symbols and
refer to them as stocks.!* We also create four sub-samples consisting of S&P 500 stocks and
size-based terciles (T1-T3) of non-S&P 500 stocks (see the Appendix for details).

The data cover 70 execution venues, including all stock exchanges, all major wholesalers,
many dark pools, crossing networks, etc. We focus on the first two venue categories, that is four-

teen stock exchanges and the eight largest wholesalers. Table 1 reports trading volumes and mar-

BFor details, see “Final Rule: Disclosure of Order Execution and Routing Practices," 17 CFR Part 240
(https://bit.ly/3zyrpB1).
4Summary statistics for 3,577 ETFs are provided in the Appendix.
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ket shares of all exchanges and wholesalers. Panel A shows that exchanges execute the majority,
59.5%, of Rule 605 orders with wholesalers capturing the remaining 40.5%. Our conversations
with industry participants indicate that the flow routed to wholesalers consists predominantly of
retail orders, while the flow routed to exchanges is mainly institutional orders. In later tests, we

provide empirical support to this view.
[Table 1]

Panel B of Table 1 contains statistics for the individual exchanges and wholesalers. Among
exchanges, the leading roles are played by Nasdaq and the NYSE/NYSE Arca that respectively
execute 17.26% and 18.75% (=11.00+7.75) of order flow. Among wholesalers, Citadel and Virtu
stand out as the largest, capturing respectively 16.03% and 12.13% of order flow. Other whole-
salers are considerably smaller, with the third largest, G1, processing 5.27%, and the next three,
Jane Street, Two Sigma and UBS, processing 2.30%, 2.05% and 1.62%, respectively.15 Overall,
the dataset contains information on execution quality for orders representing more than 3.6 tril-
lion executed shares, which amounts to about 45% of trading volume reported by CRSP during
the sample period.

Market structure studies typically rely on a set of execution quality metrics that consists of
quoted, effective, and realized spreads as well as price impacts. The quoted spread is the dif-
ference between the national best offer (the offer quote that is the lowest across all lit markets)
and the national best bid (the bid quote that is the highest across lit markets). It represents trad-
ing costs advertised by liquidity providers. Liquidity demanders do not always incur these costs
exactly as advertised. Their orders may be price improved as is often done by wholesalers, or
interact with better-priced non-displayed orders on exchanges (Bartlett, McCrary, and O’Hara
(2022)). To assess trading costs actually incurred by liquidity demanders, Rule 605 data contain

the effective spread computed as twice the signed difference between the traded price and the

SNote that Jane Street enters the wholesale business several months after our sample period begins and captures
over 12% of retail flow by the time the sample period ends. We discuss Jane Street in detail in a subsequent section.
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midquote (the average of the best offer and the best bid) at the time of the trade. Trade signs are
observed by the filers and therefore do not need to be inferred using an algorithm such as Lee and
Ready (1991).

Effective spreads are typically further divided into two components. The first component,
the price impact, captures toxicity of a trade by computing the change in the midquote between
the trade time and a future point in time. A buyer(seller)-initiated trade followed by a positive
(negative) midquote change is considered informed and contributes to the adverse selection cost
of market making. The second component, the realized spread is the difference between the
effective spread and the price impact. The realized spread is a composite metric that captures
(1) the costs of market making that are unrelated to adverse selection (i.e., inventory and fixed
costs as well as trading fees); and (ii) market maker profits (Hendershott, Jones, and Menkveld
(2011), Brogaard, Hagstromer, Nordén, and Riordan (2015)). Because of the composite nature of
the metric, its interpretation is somewhat nuanced, and the upcoming discussions carefully take
these nuances into account.

Rule 605 requires that price impacts and realized spreads are estimated at the 5-minute hori-
zon. This horizon is an eternity in the modern marketplace, and we approach the interpretation
of these statistics with due caution. This said, an analysis of the Trade and Quote data shows that
adverse selection costs are incurred quickly, while market makers trade out of positions relatively
slowly. As a result, price impacts estimated at 5S-minute horizons are rather effective at capturing
adverse selection costs.

Rule 605 data exclude odd lots, so our analysis is restricted to the orders of 100 shares or
more.'® When working with the metrics, we remove outliers by trimming all variables at the 0.1

and 99.9 percentiles. Reporting of the quoted spread is not required by Rule 605, and we derive

oData from an industry initiative titled Financial Information Forum (FIF) include odd-lots and suggest that
odd-lot market quality is similar to that reported for orders of other sizes, and especially the orders in the 100-499-
share bin. See for example “Q1-2019 FIF Supplemental Retail Execution Quality Statistics Citadel Securities LLC”
(https://bit.ly/3m2RC33).
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it from the other metrics as discussed in the Appendix. We scale all metrics by the CRSP closing
stock price and use share volume-weighted averages. We weigh by share-volume to ensure that
our execution quality metrics reflect the experience in the average stock. This is particularly
important as retail volume represents the over two-thirds of trading activity for smaller stocks

(see Table 3).!7

3. Execution Quality

3.1 Wholesalers vs. Exchanges

Table 2 reports summary execution quality metrics for our sample. During the sample period,
wholesalers execute 146.36 million shares in an average sample stock, whereas exchanges exe-
cute 207.65 million shares. Rule 605 requires that venues report how their executions compare to
the NBBO. Wholesalers price-improve a substantial portion, 65.71%, of order flow they receive,
whereas exchanges only price-improve 9.49%. However, exchanges fare better than wholesalers
with respect to their ability to match the existing NBBO, executing 98.34% of shares at the NBBO
prices or better versus 92.98% by the wholesalers. Institutional traders typically split larger or-
ders to avoid walking the book (slippage), and since their orders are predominantly routed to

exchanges this may account for the difference in the proportion of flow that matches the NBBO.
[Table 2]

Notably, wholesalers tend to execute when the NBBOs are relatively wide, 69.6 bps vs.
the exchange equivalent of 52.94 bps, a 31% difference. This difference cannot be attributed to
wholesaler choices because commercial agreements with retail brokerages do not allow whole-

salers to choose what orders to execute and when. Rather, wholesalers are required to execute all

7The SEC instead uses dollar-volume-weighted averages in their recent analysis of retail execution quality. This
approach skews the execution quality metrics towards high-price, large capitalization stocks. See Release 34-96495
“Order Competition Rule" from December 14, 2022 (https://bit.1ly/3v1Z96V).
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orders routed to them. As such, the difference in quoted spreads must be driven by trader deci-
sions and is perhaps expected given the clienteles served by wholesalers and exchanges. Many
institutional liquidity-taking algorithms time their activity to periods of narrow quoted spreads.
When spreads are wide, they either switch from liquidity demand to liquidity supply or reduce
trading altogether. Retail traders are much less likely to engage in such timing. Since the metrics
in Table 2 are volume-weighted, it is not surprising that liquidity-demanding exchange trades
(institutional flow) tend to occur when spreads are relatively narrow.

Even though retail trade executions occur when quoted spreads are relatively wide, the differ-
ential is reduced significantly once we account for the substantial price improvement wholesalers
provide to retail flow. Consequently, effective spreads reported by wholesalers are much closer to
those reported by their exchange counterparts, at 49.06 bps and 46.98 bps, respectively. With this
in mind, we suggest that an execution quality metric appropriate for our setting should account
for both quoted and effective spreads. We adopt a ratio of effective to quoted spreads as such a
metric. In Table 2, this ratio is 0.76 for wholesalers, suggesting that orders executed by them pay
76% of the prevailing quoted spread, and 0.97 for exchanges. Within the existing market struc-
ture, wholesalers therefore appear to play a valuable role. They provide substantial, rather than
de minimis, price improvement that may not be available from the exchanges when retail trades
are executed.

Market structure commentators occasionally argue that while price improvement provided
by wholesalers is small, PFOF payments made by wholesalers to retail brokerages are large.
Combining data from Rule 605 and 606 reports suggests that the opposite is true. Figure 1 shows
that for every dollar of spread revenue, a typical wholesaler returns 24 cents to retail customers
in price improvement, while paying only 1 cent to the routing brokers. The remaining 75 cents
are retained to cover the wholesaler’s costs and potentially earn profits. We turn to the wholesaler

Costs next.
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[Figure 1]

As we discuss above, market structure studies typically distinguish between two components
of the effective spread. One such component is price impact that captures the adverse selection
cost associated with a trade. The other is the realized spread that reflects three important market
making considerations: inventory costs, fixed costs, and profits. Table 2 confirms our earlier as-
sertion that wholesalers obtain order flow that is considerably less toxic (price impact of 36.80
bps) than that routed to exchanges (price impact of 52.73 bps). These figures are consistent with
the statements by the industry participants that retail order flow is predominantly routed to whole-
salers, while exchanges end up receiving mainly institutional flow.

Given similar effective spreads and lower price impacts, wholesalers earn substantially larger
realized spreads compared to those earned by exchanges, 16.36 vs. -1.42 bps. At first glance, this
large difference may appear suggestive of excess profits earned by wholesalers; however, it is
important not to over-interpret these figures. Liquidity on exchanges is only partially provided by
professional market makers. For instance, Nasdaq attributes only 16% of liquidity provision to
pure market making strategies. The remaining liquidity-providing orders are submitted by non-
market markers, whose main goal is to manage positions rather than earn spread revenue. The
realized spreads that non-market makers earn are therefore not reflective of market making costs
and profits. Since non-market makers’ share of exchange liquidity provision is significant, caution
should be used when comparing exchange realized spreads to wholesaler realized spreads. Put
differently, the 16.36 bps realized spread earned by wholesalers may represent either a substantial
profit, or a combination of inventory and fixed costs that allows only for a zero profit, or anything

in-between. We examine this issue in more detail later in the manuscript.
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3.2 Cross-Sectional Differences

Because we have a large cross-section, including many illiquid securities, we separately ex-
amine four sub-samples, the S&P 500 and size-based terciles of non-S&P 500 stocks labeled
Tercile 1, Tercile 2, and Tercile 3. During the sample period, there are 514 stocks in the S&P 500
sub—samplcf:18 and the Tercile 1, Tercile 2, and Tercile 3 sub-samples include 2,550, 2,550, and
2,551 stocks respectively. In this section, we investigate if wholesaler involvement and execution
quality differs between the four sub-samples.

Table 3 shows that the differences across sub-samples are noticeable. Wholesalers represent
32.11% of share volume for S&P 500 stocks, but their share increases monotonically in size
reaching a high of 63.94% for Tercile 3 stocks. In other words, retail flow plays an out-sized role

for less liquid stocks, a point we will return to below.
[Table 3]

Next, we ask if market capitalization affects execution quality (Table 4). We begin with the
S&P 500 sub-sample. Wholesalers price-improve 76% of marketable orders and provide price
improvement corresponding to 47% of the quoted spread. By comparison, only 12% of mar-
ketable orders receive price improvement on exchanges, and price improvement is a modest 5%.
The adverse selection that accrues on exchanges is 103% (= 6.34/3.13-1) greater than that accru-
ing to wholesalers. Wholesalers earn substantially larger realized spreads than liquidity providers

on exchanges, 1.23 vs. -1.18 bps.
[Table 4]

When it comes to terciles 1 though 3, the pattern discussed for the S&P 500 stocks is gener-

ally preserved. First, wholesalers price improve a substantially larger portion of marketable orders

8There are 503 stocks in the S&P 500 index during our sample period, and the additional stocks account for
turnover within the index.
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than exchanges for each sub-sample (e.g., 64% vs. 9% for tercile 2). Note also that the fraction
of price improved orders falls as we move from larger to smaller size firms both for wholesalers
and exchanges. Second, the magnitude of price improvement continues to be significantly larger
for marketable orders routed to wholesalers for all terciles (e.g., 26% vs. 4% of the quoted spread
for tercile 2). This metric is generally declining as we move from larger to smaller size firms for
orders routed to wholesalers, but is relatively constant for orders routed to exchanges.

Order flow toxicity is substantially greater on exchanges, with exchange price impacts 54 %,
39%, and 43% greater than at wholesalers for terciles 1, 2, and 3, respectively. Finally, the ex-
change realized spreads are even more negative for tercile 1 and 2 stocks than for S&P 500
stocks, but turn positive for tercile 3 stocks. By contrast, wholesalers earn realized spreads that
are positive and increase as we move from larger to smaller size firms. We note that although
the realized spreads obtained by wholesalers appear quite large, reaching 34.18 bps for tercile
3, they may be representative of substantial inventory and fixed costs incurred in these relatively
infrequently-traded stocks. We therefore refrain from linking these figures to excessive profits
earned by wholesalers and return to inventory costs shortly.

Prior market structure literature has linked execution quality to several market characteristics.
Among these are price, trading volume and volatility. A higher price is typically related to lower
execution costs because of the fixed tick size in the U.S. Greater volatility is typically associated
with greater fundamental information flows, and as such may negatively affect execution quality
through the adverse selection channel. In turn, with volatility controlled for, greater volume is
typically associated with lower adverse selection as it is thought to represent uninformed flow. In
Table 5, we examine the robustness of our findings to controlling for these characteristics in the

following regression model:

DepVar;;, = .+ BiIWHOL; + By pricey + Bsvolatilityy + Byvolume;, + €y, (1)

18



where DepVar,, is one of the following execution quality variables for stock i intermediary type
J (wholesaler or exchange) in month #: the ratio of effective to quoted spread, quoted spread,
effective spread, price impact, and realized spread as defined previously; WHOL is a dummy
variable that has a value of 1 for orders executed by wholesalers and O for orders executed by
exchanges; price is the natural log of the stock price; volatility is the difference between the high
and low prices scaled by the high price, and volume is the natural log of trading volume. The
regression controls for stock and month fixed effects and uses double-clustered standard errors.
We estimate equation (1) for the full sample in Panel A of Table 5. We are primarily interested
in the coefficient on the WH OL dummy but note that the control coefficients are significant and
of the expected signs. The univariate findings we discussed earlier hold. Wholesaler executions
tend to occur when quoted spreads are relatively wide. For example, the quoted spreads that
prevail during wholesaler executions are 15.54 bps wider than those that prevail during exchange
executions. For comparison, the univariate results in Table 2 suggest that this difference is 17.78
bps. Price improvements offered by wholesalers are 27.8% larger, but the effective spreads facing
retail investors are still slightly larger, by 1.81 bps. These results confirm our earlier assertion
that due to differences in quoted spreads that prevail at the time of wholesaler and exchange
executions, effective spreads are not the optimal execution quality comparison metric. With this
in mind, we omit effective spreads from subsequent discussions. Finally, price impacts are 16.90

bps lower and realized spreads are 18.71 bps higher for orders routed to wholesalers.

[Table 5]

We next augment the regression by interacting the WHOL dummy with dummies indicating
whether a stock belongs to tercile 1, 2, or 3 in Panel B. The coefficient on the WHOL dummy
captures the difference between outcome variables for orders in S&P 500 stocks routed to whole-
salers compared to exchanges. The interaction terms, e.g., WHOL x T3, test whether the out-

comes for orders routed to wholesalers are significantly different for tercile 3 stocks relative to
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S&P 500 stocks. To obtain the total difference in outcome variables between wholesalers and
exchanges for T3 stocks, we add the coefficient on the WHOL dummy to the coefficient on the
WHOL x T3 dummy.

In all sub-samples, the data confirm that wholesalers provide greater price improvement com-
pared to exchanges. For S&P 500 stocks, Panel B shows that the difference between exchange
and wholesaler effective-to-quoted spread ratios is 0.44, a 44 percentage points larger price im-
provement relative to the quoted spread. In the univariate results, this difference was similar in
magnitude, at 0.42. As noted earlier, wholesaler price improvements decline as we move from
large to smaller size firms. Still, even for tercile 3 we estimate that price improvements are 20%
larger (= -0.438 + 0.243)for wholesalers than for exchanges.

Finally, we confirm for all four sub-samples that toxicity of wholesaler-bound flow is lower
than that of the exchange-bound flow, and that wholesalers earn larger realized spreads. For in-
stance, column [4] in Panel B shows that price impacts for wholesalers in S&P 500 stocks are 2.73
bps lower than for their exchange counterparts, whereas the realized spreads earned by whole-
salers are 1.91 bps greater than those earned by exchange liquidity providers. The corresponding
numbers for tercile 3 stocks are a 40.16 bps (= -2.731 - 37.425) lower price impact, and a 43.81
bps (= 1.911 + 41.897) greater realized spread.

So far, we have shown that retail order execution quality varies across the sub-samples of
stocks. Yet the data allow for an even more detailed examination. Rule 605 reports are filed by
individual venues, and therefore we are able to examine execution quality across wholesalers. To
keep this analysis manageable, we divide wholesalers into two groups, the top 2, which includes
Citadel and Virtu, and the others. Our group assignment is driven mainly by the market share,
and therefore likely importance, of Citadel and Virtu. Recall that Table 1 shows that these two
firms execute 70% of marketable order flow that is routed to wholesalers.

In Table 6, we use panel regressions to ask if execution quality is systematically different for

the top2 compared to the other wholesalers overall (Panel A), and for the sub-samples (Panel B).
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The regressions are of the following form:

DepVar;;, = o+ Bitop2;+ Baprice; + Bavolatility;; + Bavolumei; + €z, )

where DepVar;;, is one of the following execution quality variables for stock i wholesaler group
J (top2 vs. the rest) in month 7: the ratio of effective to quoted spread, price impact, and realized
spread as defined previously; fop2 is a dummy variable that has a value of 1 for orders executed
by Citadel and Virtu, and O for orders executed by other wholesalers; price is the natural log of
the stock price; volatility is the difference between the high and low prices scaled by the high
price, and volume is the natural log of trading volume. The regression controls for stock and
month fixed effects and uses double-clustered standard errors. Note that we only use wholesaler
data for these regressions.

The results show that price improvement is roughly the same for the two groups in the overall
sample. However, top2 wholesalers face more toxic order flow (the difference is 2.68 bps) and
earn lower realized spreads (a difference of -1.70 bps). We explore differences across sub-samples
in Panel B, where we augment regression (3) by adding interaction variables between fop2 and
tercile dummies. The coefficient on fop2 shows that Citadel and Virtu offer a 7 percentage point
lower price improvement for S&P 500 stocks on average, but this does not suffice to compensate
for the fact that they face significantly greater adverse selection. While the differences in price
improvements shrink as we go from tercile 1 to 3, the differences in toxicity and realized spreads
are magnified. Consider tercile 3 stocks, where the price improvements are 0.3 percentage points
(= 0.070 - 0.067) greater for top2 than for other wholesalers. Toxicity facing top2 in tercile 3
stocks is 6.9 bps (= 0.675 + 6.214) greater and realized spreads are 5.0 bps (= -0.210 - 4.754)
lower than for other wholesalers trading the same stocks.

We next explore whether the differences in realized spreads between fop2 and other whole-
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salers can be explained by the size of a wholesaler’s operation. The idea is that a wholesaler that
obtains more retail flow can more easily internalize the orders and therefore faces lower inven-
tory costs as well as lower per-share fixed costs. To understand the inventory cost argument, let
us assume that for every ten retail orders a brokerage receives, it sends four orders to Citadel.
This assumption is consistent with Citadel’s 40% share of retail flow. On average, retail flow is
balanced meaning that the orders are likely to reconcile against each other, leaving a zero or a
small inventory imbalance. Even with an imbalance however Citadel has the shortest wait time
out of all wholesalers before the next batch of orders arrives. Such short wait times are essential
for keeping inventory costs low.

We run the following regression to explore whether wholesaler economies of scale can ex-

plain the rop2 wholesaler’s ability to charge lower realized spreads:

realized spread;;, = ot + Bitop2;+ Byprice;; + B3volatility; + Bashare;js + €, 3)

where realizedspread,, is realized spread as defined previously for stock i wholesaler group j
(top2 vs. the rest) in month ¢; fop2 is a dummy variable that has a value of 1 for orders executed
by Citadel and Virtu, and O for orders executed by other wholesalers; price is the natural log of
the stock price; volatility is the difference between the high and low prices scaled by the high
price, and share is the natural log of retail volume captured by wholesalers in group j in stock i
divided by overall trading volume in stock i. The regression controls for stock and month fixed
effects and uses double-clustered standard errors. Note that we only use wholesaler data for these

regressions.
[Table 7]

Table 7 confirms our expectations that a wholesaler’s operation size is associated with sig-
nificantly lower realized spreads for all sub-samples except for S&P 500 stocks. Importantly, in-

cluding this variable as a control renders the coefficient on fop2 insignificant for all sub-samples.
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This evidence is consistent with the top two wholesalers being better able to lower inventory and
fixed costs due to the size of their operations, and as a result being able to offer lower realized
spreads.

Given that wholesalers tend to receive order flow of varying toxicity, price improvement may
not be the most appropriate comparison metric for our analyses because it does not account for
variation in toxicity across wholesalers. If wholesaler 1 provides slightly smaller price improve-
ment than wholesaler 2, yet wholesaler 1 receives considerably more toxic flow, comparing price
improvements will result in an unfair comparison between the two wholesalers. Meanwhile, the
realized spread is a metric that takes both price improvement and order flow toxicity into ac-
count. Assuming that retail brokerages understand the toxicity of their own flow, they should also
benchmark against a toxicity-adjusted performance metric. We apply this reasoning in the sub-
sequent analyses where we ask if a wholesaler is able to increase its market share based on prior

performance.

3.3 Broker Routing and Wholesaler Performance

Retail brokerages are a key source of order flow for wholesalers (Figure 2). The four largest
retail brokers — TD Ameritrade, Robinhood, E*Trade, and Schwab — route to at least six of our
eight wholesalers during the sample period. They route virtually no orders to other venues (ATSs)
or exchanges. Not surprisingly given the market shares reported earlier, the majority of order flow
goes to Citadel and Virtu. Other brokers use very different routing tables. Interactive Brokers
route to their own ATS and to the exchanges, while Morgan Stanley and Merrill Lynch route
exclusively to their own broker dealers. Inspection of the time series suggests that there is some
variation over time, but all four retail brokers route to at least three wholesalers at all times. It is
worth noting that TD Ameritrade, the largest brokerage by flow, is considerably larger than the

largest wholesaler, which casts some doubt on the notion that wholesalers are the sole wielders
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of market power.
[Figure 2]

How do retail brokers decide on which wholesaler to route to at a point in time, and how much
to route to a particular wholesaler? Industry participants suggest that retail brokerages regularly
evaluate the performance of wholesalers that they route to.'” Such evaluations typically occur on
a monthly basis.”’ We propose that if the market for retail order flow is competitive, brokerages
should adjust their routing to favor wholesalers with better past performance.

To examine if such a relationship is observed in the data, we use the econometric model of
order routing proposed by Boehmer, Jennings, and Wei (2007). The model uses a combination
of geometric and arithmetic means to allow predicted market shares to lie between zero and
one for each wholesaler and to allow the sum of market shares across wholesalers to equal one.

Specifically, we estimate the following regression:

mkt. share;j; = 0.+ Brabn. realized spread, -1t Brabn. realized spread -1

+ Bspricei; + Pavolatility; + Bsvolumej + €, 4

where mkt. share;j; is the market share of volume in stock i executed by wholesaler j in month
t expressed as the deviation from the geometric mean across all wholesalers; abn. realized
spread;j; 1 is the average realized spread earned in stock i by wholesaler j in month 7 —1 ex-
pressed as the deviation from the arithmetic mean across all other wholesalers; abn. realized
spread ;1 is the average realized spread earned by wholesaler j in all stocks routed to it in
month 7 — 1 expressed as a deviation from the arithmetic mean across all other wholesalers; price

is the natural log of the stock price; volatility is the difference between the high and low prices

9FINRA Rule 5310 requires brokers to conduct rigorous execution quality reviews on at least a quarterly basis
(https://bit.1ly/46GDy5B).

20See for instance the SEC administrative proceedings against Robinhood Financial, LLC. (https://bit.1ly/
3JUUs6).
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scaled by the high price, and volume is the natural log of trading volume. The realized spread
variables are scaled, so the economic significance corresponds to basis points. We run these re-
gressions for the full sample and then separately for each sub-sample using stock, wholesaler,
and month fixed effects, and clustering standard errors by stock and month.

Table 8 shows that if wholesaler j offers a relatively low realized spread across all stocks,
retail brokerages will reward the wholesaler with a greater market share next month. This result
holds both for the full sample and for all sub-samples. The full-sample coefficient indicates that a
one basis point reduction in a wholesaler’s realized spread relative to the mean is associated with
a 3.1% greater market share for the full sample, and between 2.8 and 3.2% greater market share

for the sub-samples.
[Table 8]

In addition, a relatively low realized spread for wholesaler j in stock i is associated with a
significantly greater market share next month for the full sample and for stocks in terciles 2 and 3.
However, the economic magnitude of this effect is relatively small. Taken together, the evidence
in Table 8 is consistent with wholesalers competing by offering lower liquidity costs across all
stocks as opposed to on a security-by-security basis, and retail brokerages playing pivotal roles in

ensuring the the best-performing wholesalers are recognized and awarded with more order flow.

3.4 A Competitive Shock

The nature of competition in the retail investor segment changes during our sample period
because of entry by a new player, Jane Street. If wholesalers had market power and thus were able
to reap economic rents prior to this event, we expect competitive forces to increase the pressure
on wholesalers to deliver better execution quality post entry. In other words, we expect realized

spreads to decrease.
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Panel A of Figure 3 illustrates Jane Street’s entry and market share growth over time. Jane
Street enters into the wholesale business in 2019, but throughout 2020 the firm still has a very
small market share. Its market share increases gradually in the late summer of 2021, reaching
a substantial level by October 2021. By the end of our sample period, Jane Street has a market

share in the 12-14% range.
[Figure 3]

In the same panel, we also plot the ratio of Jane Street’s realized spreads to the incumbent
wholesaler’s realized spreads. A month after entering the business, Jane Street starts offering
realized spreads similar to those of its competitors, but from July 2021 it competes considerably
more aggressively offering realized spreads that are 40-50% lower than the incumbents. The
figure illustrates that a sizable increase in market share ensues.!

To evaluate whether the entry of Jane Street results in lower average realized spreads offered
by wholesalers relative to exchanges, we run a difference-in-differences regression of wholesalers
against exchanges with the pre-period being April-June 2021, when Jane Street still has a small
market share, and the post-period being the last three months of 2021, during which Jane Street

has already established itself as a sizeable wholesaler.

Table 9 reports the results from running the following regression:

realized spread;; = ot + BIWHOL; + BoWHOL x POSTj; + B3pricej + Bsvolume;;  (5)

+ Bsvolatility; + €,

where realized spread;, is the realized spread in stock / for intermediary type j in month z;

2IThe data show that Jane Street’s market share stabilizes in 2022, yet the firm continues offering relatively low
realized spreads. An examination of the cross-section reveals that Jane Street offers low spreads exclusively in tercile
2 and 3 stocks. In S&P 500 and tercile 1 stocks, it charges realized spreads comparable to the incumbents. Because
most retail volume occurs in large stocks, Jane Street’s revenues are likely comparable to those of its competitors. It
appears that Jane Street is contractually committed to provide highly competitive executions in small stocks for an
extended time period.
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WHOL is a dummy variable that has a value of 1 for orders executed by wholesalers and O for
orders executed by exchanges; POST is a dummy variable that has a value of 1 after the Jane
Street market share capture and O otherwise, price is the natural log of the stock price; volume
is the natural log of trading volume; volatility is the difference between the high and low prices
scaled by the high price. The models are estimated with stock and month fixed effects, which is
why the standalone POST variable is omitted. We run the regressions separately for each sub-

sample.

[Table 9]

Based on the 3, coefficients in Table 9 Panel A, we do not find that realized spreads for
wholesalers relative to exchanges decline following Jane Street’s entry for any sub-sample. For
the index and tercile 1 stocks, the entry did not cause realized spreads to change consistent with
the possibility that they were already at a competitive level. For tercile 2 and 3 stocks, realized
spreads actually increase.

Panels B and C of Table 9 report regression results for the incumbent wholesalers and Jane
Street separately. Recall that Jane Street was present but at a much lower market share in our pre-
period. The results show that the incumbents did not change their realized spreads for the largest
stocks, but increased the spreads for tercile 1-3 stocks significantly after Jane Street’s entry. By
contrast, Jane Street, who already offered lower costs in terciles 1 and 2 relative to the other
wholesalers, reduced its costs significantly for tercile 3 stocks.

To understand this result, consider first what happens when Jane Street enters. Order flow is
now divided among a larger number of wholesalers, and this likely results in lower order flow
for each of the incumbent wholesalers. In other words, their inventory costs likely increase. This
may be particularly true for less liquid securities such as those in terciles 1-3. By contrast, the
S&P 500 securities are highly liquid and this likely makes it easier for the incumbents to manage

inventory risk, reducing the need to increase liquidity costs. We return to the topic of inventory
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risk in the next subsection. Finally, note that Jane Street appears to be competing particularly
fiercely in tercile 3 stocks, where the evidence shows that they lowered their realized spreads
significantly, cutting them by almost fifty percent.

During our sample period, one wholesaler also exits. Panel B of Figure 3 shows how Wolver-
ine, a wholesaler that presently operates only in options, leaves the equity business. Rule 606
data suggest that in 2019, three retail brokers — Ally, Tastyworks, and Robinhood — are routing
to Wolverine. In the meantime, Wolverine charges realized spreads that are 42.5% greater than
those of the incumbents. Perhaps not surprisingly, Ally drops Wolverine by April 2020 (likely
due to a contract expiry) followed by Tastyworks in the following month. Robinhood gradually
reduces its routing over the following year, stopping entirely by April 2021, causing Wolverine to
exit the equity wholesale business. Importantly, as Wolverine’s market share declined, its already
high realized spreads increase dramatically consistent with the loss of economies of scale. Rule
605 data show that the increase in realized spreads cannot be explained by a change in the toxicity
of flow received by Wolverine, leading us to conclude that the importance of economies of scale
in the wholesale business is difficult to overstate.

Based on the entirety of the above evidence, we cautiously conjecture that the wholesaler
market is already rather competitive prior to Jane Street’s entry since we see no evidence that
additional entry results in lower spread capture by wholesalers. We also see tentative evidence
consistent with inventory risk and the economies of scale playing a significant role for whole-

salers, a topic we turn to next.

3.5 Inventory Costs

We find suggestive evidence that the wholesalers compete for order flow by offering low
realized spreads, and we find no evidence of market power around the entry event discussed

above. Yet, the wholesaler realized spreads we document may appear large relative the exchanges,
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particularly for less liquid stocks. Are the realized spreads evidence of market power, or are they
compensating for the inventory costs facing wholesalers in less liquid securities?

Inventory costs are of course difficult to measure, so we will rely, as we did earlier, on trading
volume as a proxy for wholesalers ability to manage inventory. We conjecture that, controlling
for volatility, a stock-month with lower volume is associated with greater inventory costs as out-
standing positions take longer to lay off. To understand the role of inventory costs (for wholesalers

only), we run the following panel regressions:

realized spread;, = o+ 1T 1;+ By T2; + B3T3, + Bapriceis + Bsvolatility; (6)

+ Beretail volume;; + €;,

where realized spread it is the realized spread in stock i in month #; T'1, T2, and T'3 are dummies
indicating whether a stock is in size-based tercile 1, 2, or 3 of non-S&P 500 stocks; price is the
natural log of the stock price; volatility is the difference between the high and low prices scaled
by the high price; and retail volume is volume as reported in 605 data. We also run a specification
with total volume, defined as the natural log of CRSP trading volume, replacing retail volume.
Because the tercile dummies are unique for each security, the regressions control only for month

fixed effects, and we use two-way clustered standard errors.
[Table 10]

Column [1] of Table 10 reports the tercile results without the controls and, as expected,
shows that tercile 1, 2, and 3 stocks have significantly greater realized spreads than S&P 500
stocks. When we control for price and volatility in column [2], there is no longer a significant
difference between S&P 500 stocks and tercile 1 stocks, but realized spreads for the remaining
size terciles are still significantly higher. Column [3] includes retail volume, which is our first

proxy for inventory costs, and now realized spreads for both tercile 1 and tercile 2 stocks are
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significantly lower than for S&P 500 stocks, while spreads for tercile 3 stocks remain significantly
higher. Finally, column [4] accounts for the possibility that wholesaler inventory management
may not rely solely on retail volumes and replaces retail volume with total volume. This is our
second proxy for inventory costs, and including it makes all the coefficients on the size terciles
turn negative and significant. Note also that the coefficients on both retail and CRSP volume
are themselves highly significant and negative as predicted. We conclude that after controlling
for inventory costs, wholesalers seem to earn significantly lower realized spreads for less liquid
stocks than they do for the S&P 500 stocks. This result once again points to a cross-subsidy from
large stocks to small stocks that arises due to the portfolio approach used by retail brokers to

evaluate wholesaler performance.

4. Market Structure Proposals

Our data show that wholesaler intermediation delivers good execution quality for retail in-
vestors, but could it be even better with a different market structure? In this section, we discuss
two possible alternative setups. First, we use our data to infer what would happen if retail orders
were routed to exchanges. Needless to say, this is a counterfactual and we have to make assump-
tions that the reader may or may not agree on to conjecture the outcome of such a change. Second,
we discuss some pitfalls with the current SEC market structure proposal that aims to create an
auction process for retail orders. Our data do not allow us to study the proposal in detail, but
the cross-sectional evidence reported above coupled with assessed institutional interest that we

report below suggests that caution is in order.

4.1 Moving Retail to Exchanges

In Table 2 above we identified two important differences between wholesaler- and exchange-

intermediated executions. On the one hand, wholesalers provide sizeable price improvement,
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while exchange price improvement is noticeably smaller. On the other hand, exchange liquidity
providers earn considerably lower realized spreads. With these differences in mind, what would
happen if retail order flow were to be moved to the exchanges?

To grasp the potential impact of this move, it is helpful to examine its outcomes, both posi-
tive and negative. On the positive side, retail flow will pay considerably less in realized spreads.
However, there are also two negative outcomes to consider. Firstly, retail flow will receive consid-
erably less price improvement. Secondly, when combined with institutional flow, retail investors
will bear the cost of the resulting mix’s higher toxicity, which surpasses that of pure retail flow.
These three outcomes, taken as a whole, sum to a negative net effect of shifting retail investors to
exchanges. We elaborate below.

To get a sense of the net effect, consider the following calculation based on Table 2. First,
assume that retail volume relative to institutional volume, w, remains the same post-migration.
Rule 605 data capture close to 45% of all volume traded in the U.S., with the remaining 55%
mainly representing sophisticated institutional volume at 522.99 million shares in an average
stock during the sample period. So, retail volume represents w = 18.22% = 172.80/(172.80 +
252.86 +522.99) of total volume.

Second, assume that the price impact of retail trades originally routed to wholesalers remains
the same once routed to exchanges, so that the average price impact on exchanges after the rout-
ing change is the volume-weighted average of price impacts prior to migration or 49.83 bps (=
w*36.80 + (1 —w) % 52.73). Third, assume that the realized spread of -1.42 bps on exchanges
before the routing change becomes the required compensation for all liquidity providers on ex-
changes post migration. In other words, assume that exchange liquidity providers are competitive
currently, and remain competitive after the move. We relax this assumption shortly. This means
that the imputed average effective spread, which is the sum of price impact and realized spread,
is 48.41 bps post migration. Fourth, assume that there will still be opportunities to interact with

non-displayed liquidity, so that all orders on exchanges post migration enjoy the same price im-
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provements observed before the change, which means the average quoted spread will become
49.90 bps (48.41/0.97) post migration.

As noted above, marketable orders that currently arrive to exchanges are timed to when
quoted spreads are narrow. This needs to be taken into account when estimating the likely spreads
facing retail traders if their orders were routed to exchanges. Assuming that retail and exchange
traders maintain their pre-migration order submission patterns, the imputed spreads on retail (ex-
change) orders post move need to be adjusted to reflect the pre-migration quoted spreads faced by
retail (exchange) traders relative to the volume-weighted average quoted spreads pre-migration.
In other words, the quoted spreads facing retail traders would be the volume-weighted average
post-migration quoted spread of 49.90 bps multiplied by 69.60/(w % 69.60 + (1 —w) * 52.94) or
55.98 bps. Similarly, the quoted spreads facing exchange traders would be 49.90 bps multiplied
by 52.94/(w69.60 + (1 —w) % 52.94) or 42.58 bps. In each case, the imputed quote spread is
multiplied by the pre-migration price improvement on exchanges, 0.97, to get the imputed effec-
tive spread.

So far, we have assumed that current exchange realized spreads will remain unchanged at
-1.42 if retail and institutional flows are pooled on exchanges. For this case, the bold line in
Panel A of Table 11 shows that while institutions may benefit from such pooling, retail traders
are likely to lose. For the existing exchange liquidity demanders (EXCH LDs), effective spreads
would decline by 10.77%. For retail liquidity demanders (RET LDs), effective spreads would
increase by 13.23%. The reasons for such changes are straightforward. Institutions would benefit
from a substantial reduction in on-exchange adverse selection. Retail traders would experience a
large reduction in realized spreads, but these gains would be offset by the loss of price improve-
ments currently provided by wholesalers and by having to pay for the additional adverse selection

coming from the institutional flow.

[Table 11]
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To shed additional light on the economic magnitude of these effects, Panel B reports total
gains and losses for four market participant categories: RET LDs, EXCH LDs, exchange lig-
uidity providers (EXCH LPs), and wholesalers (WHOL LPs). The gains represent total dollar
amounts across all sample stocks during our entire four-year sample period. Commensurate with
the above-mentioned increase in effective spreads, the loss for RET LDs would be $30.25 billion
$630 million/month), whereas the gain for EXCH LDs would be a more substantial $106.74 bil-
lion ($2.2 billion per month). Unsurprisingly, WHOL LPs will loose from the switch —a $70.38
billion ($1.5 billion per month) loss. Given that realized spreads are negative on exchanges, and
that the negative realized spreads now also cover retail volume, EXCH LPs will loose $6.11
billion ($127 million per month).??

One of the assumptions that goes into the gains calculations is that realized spreads would
not change if retail volume moved to the exchanges. To shed light on the importance of this
assumption, we examine the sensitivity of the results to possible changes in realized spreads. To
do so, we vary the realized spread figure of -1.42 bps by 0.1-bps increments. While the majority
of conclusions discussed above remain qualitatively the same, they change for EXCH LPs, as
their losses turn into gains once the realized spread turns less negative than in the base case.
Most importantly, our conclusions for retail traders appear to be relatively insensitive to the non-
increasing realized spreads assumption.

Although this assumption may appear brave, we believe that it is in fact quite conservative.
The existing literature generally associates greater trading volumes with lower realized spreads
(e.g., Bogousslavsky and Collin-Dufresne (2022)). In addition, Bessembinder, Carrion, Tuttle,
and Venkataraman (2016) find that anticipated arrivals of large uninformed volume are accom-
panied by additional liquidity coming off the sidelines and improving market quality. With these

results in mind, we cautiously suggest that realized spreads are more likely to decline from the

22 Appendix Table A 10 reports the estimates for moving ETF trading from wholesalers to exchanges, representing
an additional loss of $6.30 billion for retail LDs, a gain of $16.62 billion for Exchange LDs, and a loss of $1.17 billion
for Exchange LPs.
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status quo upon the addition of retail volume; however this decline must be exceptionally large
to make the move to exchanges worthwhile for retail traders.

Our simple calculations in Table 11 omit two additional possibilities. First, consider what
would happen if institutional order flow patters do not change in response to the arrival of re-
tail traders. Since institutions time their marketable order to periods when exchange spreads are
narrow, and retail orders arrive more uniformly over time, the share of retail flow in overall vol-
ume tends to be higher when quoted spreads on exchanges are wide. In other words, retail flow
as a fraction of volume is greater when adverse selection is high. From the perspective of ex-
change liquidity providers, this means that retail orders offer additional benefits because they
help lower average adverse selection costs exactly when these costs would otherwise be high.
With competitive liquidity provision on exchanges, quoted spreads may fall further. To the extent
that this effect is significant, our calculation may underestimate the benefits to retail from moving
to exchanges.?’

Second, consider allowing for a strategic response by institutions to the arrival of retail flow.
The fact that retail trades disproportionately reduce quoted spreads when adverse selection is
high imply that institutions have less incentives to focus their marketable orders to periods when
spreads are narrow.”* When institutions smooth out their order flow over time, and therefore
increase trading when adverse selection is high, the additional diversification benefits we just
described will be muted and may even be reversed. If this effect is large, our calculations may

even underestimate the cost to retail from moving to exchanges.

23We thank Josh Mollner for clarifying this point. See Battalio and Holden (2001) for a model laying out the
intuition. Simulations suggest that our qualitative conclusions are robust to including this effect.

2See, e.g., Kyle (1985), where informed traders strategically increase their volume when uninformed order flow
increases.
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4.2 Order-by-Order Competition

In December 2022, the SEC proposed rules that would significantly change the equity mar-
kets. To analyze these comprehensive rules is beyond the scope of the current study, but we
believe our results may shed some light on SEC’s conjecture that retail traders would be better
off if there were order-by-order competition for retail orders (labeled segmented orders in the
rule) as envisioned in the proposed Order Competition Rule.” In a nutshell, the rule proposes
a requirement that segmented orders be forwarded, either by the retail broker directly or by the
wholesaler receiving retail order flow, to auctions run by exchanges and/or certain ATSs where
institutions can interact with the order flow.”® The SEC believes that since retail order flow has
lower toxicity (as we document above), it should get larger price improvement than what is cur-
rently offered by wholesalers and that institutions would be willing to trade with retail at the
NBBO midquote.

How realistic is this proposal, and how would it affect the cross-section of stocks currently
handled by wholesalers? The answer depends on whether or not there is institutional interest to
trade the stocks favored by retail investors. We document in Table 3 that wholesalers currently
execute the bulk of retail share volume in less liquid stocks (Tercile 2 and Tercile 3). Is there
sufficient institutional interest to do without the intermediation offered by wholesalers for these
stocks?

To answer this question, we estimate institutional trading in the sample stocks based on
changes in reported quarterly holdings from 13F reports and add to that changes in short in-
terest (which are available bi-monthly). To account for intra-quarter trading, we gross-up insti-
tutional volume inferred from 13F reports by a factor of 1.17 based on Chakrabarty, Moulton,
and Trzcinka (2017). This gives us a proxy for institutional trading volume in a particular stock.

We then calculate the ratio of retail trading as reflected in Rule 605 data divided by our proxy

Zhttps://www.sec.gov/rules/proposed/2022/34-96495.pdf.
26See Ernst, Spatt, and Sun (2023) for a theoretical analysis of the auction proposal.
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for institutional volume. Table 12 reports the across stock means, medians, and quartiles for each

sub-sample, that is S&P 500, Tercile 1, Tercile 2, and Tercile 3 stocks.

[Table 12]

Column [1] ([2]) shows that average (median) retail order flow represents 85% (20%) of
institutional volume for S&P 500 stocks, so for index stocks there is significant institutional
interest. Importantly, as we move to less liquid stocks, it becomes clear that retail order flow
swamps institutional trading interest. Already for Tercile 1 stocks, institutional trading interest
starts becoming insufficient on average as the ratio of retail to institutional interest exceeds one.
For Tercile 2 stocks, retail interest is more than double the institutional interest, and for Tercile
3 stocks, the average retail order flow is almost ten times larger than institutional interest. The
ratios are highly skewed, suggesting that retail interest tends to be focused in particular stocks,
and that those stocks are not favored by institutions. If we switch our attention to the median
values for a more conservative view, we observe that institutional interest is substantially below
retail interest only for Tercile 3.

The conclusion we draw is that institutional trading interest may be low for some of the
cross-section of securities traded by retail investors. At best, the effect of the proposed auctions
for these securities would be to delay executions. However, the auctions could actually have
even more detrimental consequences for retail investors in less liquid stocks. Our earlier results
suggest that realized spreads may be insufficient to cover inventory costs for less liquid stocks in
the current environment and that wholesalers may cross-subsidize small stocks with their large-
stock revenues. If that is indeed the case, and wholesalers end up losing a significant fraction
of order flow in liquid stocks through the proposed auctions, they may be unable to offer price
improvements at the level we observe today for less liquid stocks. In other words, we could see

execution quality deteriorate for some of the universe of securities retail investors currently trade.

36



5. Conclusion

In the United States, retail brokers typically route order flow to wholesalers rather than di-
rectly to exchanges. Wholesalers immediately fill the retail order from their inventory in hopes
of receiving an offsetting order in the near future. We show that, contrary to public perception,
a substantial portion of the spread is passed on to retail traders via price improvements. Yet an-
other part of the spread is paid to the broker who routed the order, known as payment for order
flow. The remaining part of the spread covers wholesaler inventory costs, technology costs, and
wholesaler profits.

Using public SEC Rule 605 data, this paper suggests that retail orders are better off being
routed to wholesalers than directly to exchanges. If wholesalers were to be removed, retail in-
vestors would pay billions in additional trading costs according to our estimates. The net effect
consists of three components. First, unlike institutions, retail investors do not time the order sub-
mission to periods when spreads are narrow. As a result, retail orders are placed when the quoted
spread is wider than when institutional orders are placed. Second, wholesalers mitigate these
higher transaction costs by providing a substantial price improvement. Third, retail investors
would benefit from lower liquidity generation costs (realized spreads) on exchanges. However,
this benefit is not substantial enough to compensate for the loss of price improvements resulting in
higher trading costs for retail investors. By contrast, institutional traders would gain because the
lower toxicity of retail flow would help reduce the spreads needed on exchanges to compensate
liquidity providers for adverse selection. Institutional order flow would therefore benefit at the
expense of retail order flow if retail orders were to be relocated from wholesalers to exchanges.

Retail brokerages play an important role in this discussion, as they make routing decisions.
Our analysis suggests that retail brokerages base their routing decisions on the wholesaler liquid-
ity generation costs. If the wholesaler offers low costs this month, the broker will route additional

order flow in the future. This result indicates that brokers seek to enhance retail execution quality
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through their routing decisions.

Entry and exit of wholesalers may affect the nature of competition in the retail investor seg-
ment during our sample period. A new player, Jane Street, enters the retail wholesaler business
and gains a significant market share. If wholesalers had market power and thus were able to
reap economic rents prior to this event, we expect competitive forces to increase the pressure
on wholesalers to deliver better execution quality post-entry. However, we find no evidence that
additional entry results in lower spread capture by wholesalers, leading us to conjecture that the
wholesaler market may be already competitive prior to Jane Street’s entry.

We document large differences in wholesaler liquidity generation costs in the cross-section,
with particularly large realized spreads for the least liquid securities. To examine whether the
differences in wholesaler realized spreads can plausibly be explained by differences in inventory
costs, we use trading volume to proxy for inventory costs. Once we control for volume, realized
spreads for less liquid stocks are actually lower than for index stocks, suggesting that the realized
spreads, while large, are not necessarily reflective of wholesaler market power.

We close by commenting on the recent SEC proposal to overhaul the retail trading landscape
by requiring that retail flow be routed to auctions for order-by-order competition. The proposal
rests on the assumption that there would be significant institutional trading interest that would
like to interact with retail flow, and would offer better prices than those currently offered by
wholesalers. Proxies for institutional interest suggest that, while this may be true for large stocks,
it is unlikely to be true for small stocks currently traded by retail investors. Our results suggest
that many retail investors, particularly those trading less liquid stocks, would be worse off if the

proposal were implemented, as they would likely face both delays and lower execution quality.
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Table 1
Market Shares

The table contains the list of 22 trading venues that execute held liquidity-demanding orders dur-
ing the sample period (2019-2022). The data are from the SEC Rule 605 reports. Wholesalers
are highlighted in bold font. We report the total number of shares executed by each venue (in bil-
lions) and each venue’s market share. Panel A aggregates by venue type, while Panel B contains
the results by venue.

venue type shares executed, bil. mkt. share, %

Panel A: by venue type

EXCH 2,148 59.50

WHOL 1,462 40.50
Panel B: by venue
NASDAQ EXCH 623.18 17.26
Citadel WHOL 578.75 16.03
Virtu WHOL 437.94 12.13
NYSE EXCH 396.95 11.00
NYSE ARCA EXCH 279.78 7.75
EDGX EXCH 247.28 6.85
BATS EXCH 213.54 5.92
G1 WHOL 190.39 5.27
BYXX EXCH 83.78 2.32
Jane Street WHOL 83.16 2.30
EDGA EXCH 75.57 2.09
Two Sigma WHOL 74.07 2.05
IEX EXCH 70.44 1.95
UBS WHOL 58.59 1.62
NYSE NAT EXCH 45.51 1.26
NSDQ BOS EXCH 32.81 0.91
MEMX EXCH 30.42 0.84
Merrill Lynch WHOL 26.93 0.75
NSDQ PHIL EXCH 26.38 0.73
NYSE AMER EXCH 19.63 0.54
Morgan Stanley WHOL 12.56 0.35
NYSE CHI EXCH 2.23 0.06
Total 3,609.89 100.00
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Table 2
Execution Quality

The table contains execution quality statistics for held liquidity-demanding orders. We compute
the statistics separately for orders executed by wholesalers (WHOL) and exchanges (EXCH).
We report the average number of shares executed and the average stock price in a sample stock
during the sample period, followed by the percentage share of shares that are price improved or
executed at or better the corresponding NBBO. We report the quoted and effective spreads in
basis points, and to better understand the magnitude of price improvement, we compute the ratio
of the effective to the quoted spread. Finally, we compute the components of the effective spread:
price impact and realized spread, also in basis points. All variables are share-volume-weighted.
Asterisks *** in column [3] indicate statistical significance of differences between columns [1]
and [2] at the 1% level.

WHOL EXCH diff. [1]-[2]
(1] (2] (3]

# shares, mil. 172.80 252.86 wdk
price, $. 30.04  30.59
improved, % 66.10 9.00 Gloko
at or better, % 93.12  98.35 otex
quoted spread, bps 69.60 5294 otk
effective spread, bps 53.16  51.31 *
effective / quoted 0.76 0.97 ook
price impact, bps 36.80 52.73 Gloko
realized spread, bps 16.36 -1.42 hokx
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Table 3
Market Shares: Sub-samples

The table reports market shares in held liquidity-demanding orders for wholesalers and ex-
changes, with the sample divided into S&P 500 and size-based terciles of non-S&P 500 stocks
labeled Tercile 1, Tercile 2, and Tercile 3.

S&P 500 Tercile 1 Tercile 2 Tercile 3
(1] (2] (3] (4]

WHOL 32.11 33.47 51.03 63.94
EXCH 67.89 66.53 48.97 36.06
No. Stocks 514 2,550 2,550 2,551
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Table 4
Execution Quality: Sub-samples

The table contains execution quality statistics for held liquidity-demanding orders. The sample
is divided into S&P 500 and size terciles T1, T2, and T3 of non-S&P 500 stocks. We report
the average number of shares executed and the average stock price in a sample stock during the
sample period, followed by the percentage share of orders that are price improved or executed at
or better the corresponding NBBO. Further, we report the quoted and effective spreads in basis
points, and to better understand the magnitude of price improvement, we compute the ratio of the
effective to the quoted spread. Finally, we compute the components of the effective spread: price
impact and realized spread. All variables are volume-weighted. Asterisks *** (**) in columns [3]
and [6] indicate statistical significance of differences between columns [1] and [2] and [4] and
[5] at the 1% (5%) level.

WHOL EXCH difft. ~ WHOL EXCH  diff.
[1] [2] [3] [4] [5] [6]

S&P 500 Tercile 1
# shares, mil. 51596 1,106.88 otk 19545 381.42 hokk
price, $ 151.79 15247 5220  54.00
improved, % 76.11 12.00 oA 69.76  11.15 ok
at or better, % 94.71 97.82 ok 92.86 98.34 koA
quoted spread, bps 8.16 545 ok 26.60 17.31 otk
effective spread, bps  4.36 5.16 ok 17.65 16.42 ok
effective / quoted 0.53 0.95 oAk 0.66 0.95 otk
price impact, bps 3.13 6.34 ol 13.15  20.20 Gloko
realized spread, bps 1.23 -1.18 ook 4.50 -3.78 ook
Tercile 2 Tercile 3

# shares, mil. 105.31 100.74 13291  74.79 otk
price, $ 14.43 14.61 7.03 7.09
improved, % 63.56 8.52 ok 63.16 6.84 Kok
at or better, % 93.20 98.65 otk 93.02  98.27 kK
quoted spread, bps 60.77 42.43 okw 132.03 107.34 hokx
effective spread, bps  44.77 40.56 ok 105.42  104.98
effective / quoted 0.74 0.96 oA 0.80 0.98 ok
price impact, bps 31.79 44.22 ot 71.24  101.89 otk
realized spread, bps ~ 12.98 -3.66 ok 34.18 3.09 otk
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Table 5
Execution Quality: Regression

Panel A of the table reports coefficient estimates from market quality regressions of the following form:
DepVar;, = oo+ BiWHOL;; + By price; + Bsvolatility;, + Byvolume;; + €;,

where DepVar is one of the following market quality variables for stock i in month ¢: the ratio of effective to quoted
spreads, quoted spread, effective spread, price impact, and realized spread as defined previously; WHOL is a dummy
variable that has a value of 1 for orders executed by wholesalers and O for orders executed by exchanges; price is the
natural log of the stock price; volatility is the difference between the high and low prices scaled by the high price,
and volume is the natural log of trading volume. Panel B augments the specification by including interaction terms
between the W HOL dummy and indicator variables for the size-based terciles of non-S&P 500 stocks; Tercile 1 (T'1),
Tercile 2 (T?2), and Tercile 3 (T'3). The models are estimated with stock and month fixed effects, and the standard
errors are double-clustered across stocks and months. Asterisks ***, ** and * indicate statistical significance at the
1%, 5%, and 10% levels.

eff. spr. / quot. spr.  quoted spr.  effective spr.  price imp.  realized spr.
(1] (2] (3] (4] (5]
Panel A: Base Specification
WHOL -0.278%** 15.543%%* 1.807%%%* -16.901***  18.706%**
(0.01) (0.42) (0.40) (0.71) 0.97)
price -0.018%** -23.319%*%  22.804%**  _17.921%%* -4 8T9***
(0.00) (1.22) (1.14) (0.89) (0.58)
volatility 0.000%#** 0.200%** 0.180%** 0.163%** 0.017*
(0.00) (0.02) (0.02) (0.02) (0.01)
volume -0.002%** -29.634%**  26.626%**  -16.280%**  -10.352%**
(0.00) (1.18) (1.18) (0.96) 0.61)
intercept 1.036%#%* 440.852%*%  404.174%**%  276.002%**  128.142%**
(0.01) (15.01) (14.85) (12.16) (7.56)
Adj. R? 0.658 0.756 0.739 0.538 0.199
Panel B: Specification with Interaction Terms
WHOL -0.438%** 2.068*** -0.819%** -2.731%%* 1.91 %%
(0.01) (0.15) (0.07) (0.18) (0.18)
WHOLXTI 0.120%** 5.83 1%** 1.432%#% -4.038%** 5.468***
(0.01) (0.22) (0.15) (0.27) (0.32)
WHOLXT2 0.194%#%* 15.628%** 3.546%** -12.662%**%  16.207***
(0.01) 0.49) (0.45) (0.59) (0.80)
WHOLXT3 0.243#%* 28.326%%* 4.479%%* -37.425%%%  4]1.897%**
(0.01) (0.90) (1.04) (1.59) (2.42)
price -0.018%** -23.319%*% 22 804% ¥k -17.922%*% 4 TOH*K*
(0.00) (1.22) (1.14) (0.89) (0.58)
volatility 0.000%#** 0.200%** 0.180%** 0.163%** 0.017*
(0.00) (0.02) (0.02) (0.02) (0.01)
volume -0.003%** -29.639%*%  26.626%**  -16.275%**  -10.358%**
(0.00) (1.18) (1.18) (0.96) 0.61)
intercept 1.037%#%* 440.901%**  404.182%**  276.032%**  ]28.2]11%**
(0.01) (15.01) (14.85) (12.16) (7.57)
Adj. R? 0.694 0.759 0.739 0.548 0.223
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Table 6
Execution Quality Across Wholesalers: Regressions

Panel A of the table reports coefficient estimates from wholesaler market quality regressions of the following form:
DepVar;;, = ot + Bitop2;j + Bapricey + B3volatility; + Pavolumej; + €,

where DepVar;; is one of the following market quality variables for stock i wholesaler group j in month 7: the
ratio of effective to quoted spreads, quoted spread, effective spread, price impact, and realized spread as defined
previously; top2 is a dummy variable that has a value of 1 for orders executed by Citadel and Virtu and O for orders
executed by other wholesalers; price is the natural log of the stock price; volatility is the difference between the high
and low prices scaled by the high price, and volume is the natural log of trading volume. In the last specification,
we add the natural log of retail volume executed by a wholesaler to control for the wholesaler’s ability to manage
inventory internally. Panel B augments the specification by including interaction terms between the rop2 dummy
and indicator variables for the size-based terciles of non-S&P 500 stocks; Tercile 1 (T'1), Tercile 2 (T2), and Tercile
3 (T'3). The models are estimated with stock and month fixed effects, and the standard errors are double-clustered
across stocks and months. Asterisks ***, ** and * indicate statistical significance at the 1%, 5%, and 10% levels.

eff. spr. / quot. spr.  quoted spr.  effective spr.  price imp.  realized spr.

[1] (2] (3] [4] (5]
Panel A: Base Specification
top2 0.020%:** -1.297%%* 0.980 2.676%%* -1.697%*
(0.0 (0.13) (0.61) (0.29) (0.68)
price -0.032%%* -23.263%%% DD 34%*x  _1(.550%*%*  _1]1.796%**
(0.00) (1.34) (1.16) (0.69) (0.77)
volatility -0.007%%** -33.808*** .28 130%**  _1].818%*** 16.314%%**
(0.00) (1.26) (1.29) (0.75) (0.80)
volume 0.000%:** 0.257%%* 0.2]3%:%* 0.146%** 0.067%**
(0.00) (0.02) (0.02) (0.0 (0.01)
intercept 0.827%:** 503.585%**  420.780%**  187.698*** 233 (99*:k*
(0.02) (16.33) (16.46) (8.90) (10.32)
Adj. R2 0.313 0.760 0.702 0.388 0.260
Panel B: Specification with Interaction Terms
top2 0.070%** -0.011 0.466%** 0.675%** -0.210%*
(0.01) (0.02) (0.06) (0.08) (0.11)
top2xT1 -0.04 1 %= -0.598:#3** 0.001 0.301%* -0.299
(0.01) (0.05) (0.16) (0.12) (0.18)
top2xT2 -0.063*** -1.456%** 0.582 1.375%:*% -0.794
(0.01) (0.12) (0.59) (0.31) (0.65)
top2 xT3 -0.067%** -2.691%** 1.461 6.214%** -4, 7754 %%
(0.01) (0.39) (1.62) (0.73) (1.76)
price -0.0323%%* -23.263%%% DD 34%*kx _1(,550%*%*  _]1]1.796%%*
(0.00) (1.34) (1.16) (0.69) 0.77)
volatility -0.0073%%* -33.808#** 2R 130%**  _1]1.817%**  _16.315%%*
(0.00) (1.26) (1.29) (0.75) (0.80)
volume 0.000%** 0.257%:** 0.213%:** 0.146%** 0.067***
(0.00) (0.02) (0.02) (0.01) (0.01)
intercept 0.827:%* 503.592%%%  420.775%**  187.686%**  233,106%**
(0.02) (16.33) (16.46) (8.90) (10.32)
Adj. R2 0.316 0.760 0.702 0.388 0.260
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Table 7
Wholesaler Economies of Scale

We estimate the following regression:
realized spread;; = o + Bitop2 + By price;; + B3volatility; + Bashare;j; + €,

where realizedspread,;, is the realized spread in basis points for stock i wholesaler group j in
month ¢; top2 is a dummy variable that has a value of 1 for orders executed by Citadel and
Virtu and O for orders executed by other wholesalers; price is the natural log of the stock price;
volatility is the difference between the high and low prices scaled by the high price, and share; j;
is the natural log of retail volume in stock 7 in month ¢ captured by wholesalers in group j divided
by stock i total volume in month ¢. The realized spread variables are scaled, so the economic
significance corresponds to basis points. We run these regressions for the full sample and then
separately for each sub-sample, use stock and month fixed effects, and cluster standard errors by
stock and month. Asterisks ***, ** and * indicate statistical significance at the 1%, 5%, and 10%
levels.

Full sample S&P 500 Tercile 1 Tercile 2 Tercile 3

[1] (2] (3] [4] [5]
top2 1.089 -0.014 0.645 0.882 1.370
(0.66) (0.24) (0.39) (0.65) (1.87)
price -10.809#** 0.072  -1.791%%**  _8.52]1*** -17.815%**
(0.77) (0.18) (0.39) (0.90) (1.36)
volatility  -0.038%** -0.008 -0.046 0.010 -0.077%%*
(0.01) (0.02) (0.03) (0.01) (0.02)
share -3.687#%* -0.327  -1.547F*k 2. 492% Ak T 628%HK
(0.34) (0.23) (0.27) (0.31) (1.01)
intercept  53.35]1%%* 1.155 12.867*** 38.826%** 02 380***
(2.11) (0.78) (1.36) (2.16) (2.64)
Adj. R? 0.218 0.080 0.127 0.175 0.155
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Table 8
Wholesaler Order Flow Determinants: Regression

We estimate the following regression:

mkt. share;j; = o + Byabn. realized spread;;,_ + Brabn. realized spread,_,
+ Bapriceir + Pavolatilityy + Bsvolume; + €;j,

where mkt. share;j; is the market share of volume in stock i executed by wholesaler j in month
t expressed as the deviation from the geometric mean across market centers; abn. realized
spread,j; 1 1s the average realized spread earned in stock i by wholesaler j in month 7 — 1 ex-
pressed as a deviation from the arithmetic mean across market centers; abn. realized spread
is the average realized spread earned by wholesaler j in all stocks routed to it in month ¢ — 1
expressed as a deviation from the arithmetic mean across market centers; price is the natural
log of the stock price; volatility is the difference between the high and low prices scaled by the
high price, and volume is the natural log of trading volume. The realized spread variables are
scaled, so the economic significance corresponds to basis points. We run these regressions for the
full sample and then separately for each sub-sample, use stock, wholesaler, and month fixed ef-
fects, and cluster standard errors by stock and month. Asterisks ***, ** and * indicate statistical
significance at the 1%, 5%, and 10% levels.

Full sample S&P 500 Tercilel  Tercile2  Tercile 3
[1] (2] [3] (4] [5]
abn. realized spread;;  -0.000%*** -0.000 -0.000*  -0.000***  -0.000%*
(0.00) (0.00) (0.00) (0.00) (0.00)
abn. realized spread;  -0.031%** -0.028***  -0.032%**  -0.032%** -0.029%**
(0.01) (0.01) (0.01) (0.01) (0.01)
price -0.005 0.188%* 0.017 -0.033#**  -0.023%*
(0.01) (0.10) (0.01) (0.01) (0.01)
volatility -0.039%* -0.283 -0.097 -0.030%* -0.012
(0.02) (0.19) (0.06) (0.01) (0.01)
volume 0.048%** 0.181%* 0.047%*%  0.034%**  (.042%**
(0.01) (0.10) (0.02) (0.01) (0.00)
intercept -0.081 -2.810 -0.177 0.137***  0.097**
(0.10) (1.75) (0.22) (0.05) (0.04)
Adj. R? 0.685 0.716 0.722 0.668 0.674
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Table 9
Jane Street Entry

The table reports coefficient estimates from the following regression:

realized spread;, = o+ BiWHOL;; + B,WHOL x POST;; + Bapricei; + Bavolatilityj
+ Bsvolumej, + €,

where realized spread j, is the realized spread in stock 7 in month 7; WHOL is a dummy variable

that has a value of 1 for orders executed by wholesalers and O for orders executed by exchanges;
POST is a dummy variable that has a value of 1 after the Jane Street entry (Panel A), price is the
natural log of the stock price; volatility is the difference between the high and low prices scaled by
the high price, and volume is the natural log of trading volume. In Panel A, the model is estimated
for all wholesalers, while in Panels B and C, it is estimated separately for the incumbents and Jane
Street. The models are estimated with stock and month fixed effects, which is why the standalone
POST variable is omitted. The standard errors are double-clustered across stocks and months.
Asterisks *** ** and * indicate statistical significance at the 1%, 5%, and 10% levels.

S&P 500 Tercile 1 Tercile 2 Tercile 3
(1] [2] (3] (4]
Panel A: All Wholesalers
WHOL 1.168*** 5.614%** 11 .525%**%  2() 349%**
0.17) (0.29) (0.54) (0.97)
WHOLxPOST 0.335 1.746* 5.562%* 14.382%**
(0.18) (0.74) (1.72) (3.39)
price -0.396 -0.128 1.178 -2.349
0.47) (0.54) 0.92) (2.15)
volatility 0.013 0.014 0.029 -0.022
(0.01) (0.02) (0.02) (0.03)
volume -0.470 -2.341%%% 6,183 *** -2.732%*
(0.25) (0.50) (1.31) (0.80)
intercept 7.351 26.525%*  61.986%**  35.42%**
(5.11) (6.92) (14.46) (8.03)
Ad;. R? 0.219 0.304 0.245 0.218
Panel B: Incumbents
WHOL 1.171%** 5.689%**  11.574%*%*%  2(0.106%**
(0.16) (0.30) 0.57) (1.02)
WHOLXxPOST 0.327 1.932%* 6.525%* 16.863***
0.17) (0.75) (1.82) (3.79)
Panel C: Jane Street
WHOL 1.183%% 4.563%%* 8.752%** 26.885%**
(0.34) (0.16) (0.40) (2.15)
WHOLxPOST 0.421 0.617 0.206 -12.680%**
(0.35) (0.59) (0.96) (2.18)
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Table 10
Inventory Costs

The table reports coefficient estimates from the following regression:

realized spread;, = o0+ BT 1; + BoT2; + B3T3; + Papriceis + Psvolatility;
+ Beretail volume;; + €,

where realized spread it is the realized spread in stock i in month #; T'1, T2, and T'3 are dummies
indicating whether a stock is in size-based tercile 1, tercile 2, or tercile 3 of non-S&P 500 stocks;
price is the natural log of the stock price; volatility is the difference between the high and low
prices scaled by the high price; and retail volume is the natural log of retail volume. In column [4],
we replace retail with fotal volume, defined as the natural log of trading volume. The regressions
control for month fixed effects, and we use two-way clustered standard errors. Asterisks ***, **
and * indicate statistical significance at the 1%, 5%, and 10% levels.

(1] [2] [3] (4]
TI 3.453%%* 0.988 -14.312%%%  _20.244***
0.19) (0.75) (1.41) (1.63)
T2 14.126%** 9 116%**  _-19.654*** _358]6G***
(0.50) (1.32) (2.26) (2.99)
T3 45991 *** 38 502%** 4.603** -20.363%**
(2.64) (1.90) (2.06) (2.53)
price 2.017%%%  _8.94(Q%*** -0.39] *%*
(0.61) (0.80) (0.79)
volatility 0.059%** 0.056%** 0.116%**
(0.02) (0.03) (0.02)
retail volume -7.200%**
(0.35)
total volume -10.597***
(0.51)
intercept 0.973 9.446%**  148.730%** 182.4]1%**
(0.68) (2.38) (8.10) (9.75)
Ad;. R? 0.124 0.127 0.183 0.208
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Table 11
Moving Retail Flow to Exchanges

The table illustrates possible consequences of moving retail flow to exchanges. Among such con-
sequences are an overall reduction in price impacts for all exchange trades, a reduction in realized
spreads incurred by retail traders, and a reduction in price improvement obtained by retail traders.
Panel A reports percentage changes in effective spreads for retail liquidity demanders (RET LDs)
and liquidity demanders, whose orders are currently routed to exchanges (EXCH LDs). Panel B
reports gains measured in terms of effective spreads for LDs and realized spreads for LPs from
the move for four categories of market participants: RET LDs, EXCH LDs, exchange liquidity
providers (EXCH LPs), and wholesalers (WHOL LPs). The line in bold font represents an as-
sumption that the currently prevailing exchange realized spreads will not change if retail flow
moves to exchanges. The remaining lines allow realized spreads to vary as a result of the move,
in 0.1 bps increments.

realiz. spr., Panel A: A eff. spread, % Panel B: gains, in $ bil.
bps. RETLDs EXCH LDs RETLDs EXCHLDs EXCHLPs WHOL LPs
-0.92 14.40 -9.85 -32.92 97.60 5.70 -70.38
-1.02 14.16 -10.03 -32.39 99.43 3.34 -70.38
-1.12 13.93 -10.22 -31.85 101.26 0.98 -70.38
-1.22 13.70 -10.40 -31.32 103.08 -1.39 -70.38
-1.32 13.46 -10.59 -30.78 104.91 -3.75 -70.38
-1.42 13.23 -10.77 -30.25 106.74 -6.11 -70.38
-1.52 12.99 -10.95 -29.71 108.56 -8.47 -70.38
-1.62 12.76 -11.14 -29.18 110.39 -10.83 -70.38
-1.72 12.53 -11.32 -28.64 112.22 -13.19 -70.38
-1.82 12.29 -11.51 -28.11 114.04 -15.56 -70.38
-1.92 12.06 -11.69 -27.58 115.87 -17.92 -70.38
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Table 12
Institutional Interest

The table reports descriptive statistics for stock-quarter ratios of Rule 605 liquidity-demanding
volume (retail volume) to institutional volume. We estimate institutional volume in the sample
stocks based on changes in reported quarterly holdings from 13F reports and add to that changes
in short interest (which are available bi-monthly). To account for intra-quarter trading, we gross-
up institutional volume inferred from 13F reports by a factor of 1.17 based on Chakrabarty,
Moulton, and Trzcinka (2017).

mean median st dev. p25 p75
[1] (2] [3] [4] [5]

S&P 500 0.850 0.199 3.081 0.125 0.406
Tercilel 1.601 0.165 5.860 0.081 0.523
Tercile2 2.639 0.196 7.930 0.041 1.092
Tercile3 9.798 1.568 15.594 0.150 10.785
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PFOF: 1%

Price Improvement: 24%

Revenue: 75%

Figure 1. Allocation of Spread Revenue

The figure depicts the allocation of revenue obtained from quoted spreads between price improve-
ment provided to retail investors, payments for order flow from wholesalers to retail brokers, and
the portion of revenue retained by wholesalers. The retained revenue is used by wholesalers to
cover the adverse selection, inventory, and fixed costs, with the balance being their profit. The
sample includes all market and marketable orders in the sample stocks during January 2020-
December 2022 period, during which we have access to both Rule 605 and 606 data.
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Citadel: 16,616.5
TD Ameritrade: 20,901.5

Robinhood: 7,555.5 Virtu: 14,151.5

I E*TRADE: 5,606.5
G1:6,700.5

Schwab: 5,601
Two Sigma: 3,129 [}

D View Trade: 3,154 Jane Street: 2,672.5

Webull: 1,475

UBS: 1,938.5
M Interactive Brokers: 1,233
APEX: 1,097 Other: 1,944
m-Jradestation=785.5 BofA Merrill Lynch: 665
Morgan Stanley WM: 709 Morgan Stanley: 606.5
= Merrill Lynch: 665 Exchanges: 359 =

Figure 2. Retail Broker Routing

The figure reports order routing patterns (in millions of shares per month) by select major retail
brokers to wholesalers and exchanges. The sample covers all sample stocks, and the sample
period is January 2020 through December 2022. To obtain routed volumes, we use two variables
available from Rule 606 data: the total PFOF dollar amounts received by retail brokerages and
the PFOF amounts in cents per one hundred shares. Dividing the former by the latter allows us
to estimate the share amounts sent by the brokerages to the wholesalers. For brokerages such as
Fidelity and Vanguard that do not accept PFOF, we are unable to compute the share amounts, so
these brokerages are not included in the figure.
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Figure 3. Wholesaler Entry and Exit

This figure reports the market share (left axis) and the realized spread ratio (right axis) for Jane
Street in Panel A and Wolverine in Panel B. Market share is the percentage of all wholesaler
volume, and the realized spread ratio is the ratio of Jane Street and Wolverine realized spreads
divided by the volume-weighted average realized spread for the other wholesalers. The sample
covers all stocks during the 2019-2022 period, and the data source is Rule 605 reports.
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Appendix

A.1 Data details

We obtain our data from a service provider that specializes in compliance and trade analytics.
The Rule 605 data we have access to cover 70 market centers for January 2016 - December 2022.
While our service providers’ Rule 605 data coverage is extensive it is not complete. To patch the
missing data, we download Rule 605 data directly in order to add NYSE National (XCIS) and
missing months.”’

We define our S&P 500 sample based on all stocks indicated as being part of the index
between January 2019 - December 2022. We merge the S&P 500 stocks with CRSP data and are
able to find data for 514 unique symbols. It is more than 503 stocks because our sample includes
later additions of stocks due to increasing market capitalization and large spin-offs, and deletions
due to decreasing market capitalization and M&A activity.

Data for Other (non-S&P 500) are also available from our service provider and this sample
consists of a broad range of securities. Market centers use a number of different ways to in-
dicate that a security is of a particular type, e.g., a series A preferred, and extensive re-coding
of symbols is necessary. The result is a sample that includes 15,888 unique symbols (365,065
symbol-months), where 11,475 are ordinary shares, 169 are Class A shares, 117 Class B shares,
and 2 Class C shares, for a total of 11,763 symbols — we call these securities stocks. The remain-
der are warrants, preferred stocks, units, rights issues, convertible bonds, etc. Stocks represent
99% of share volume (and 84.5% of symbol-months). We drop the other security types (warrants
etc.) for the remainder of the analysis. We merge the Other stocks with CRSP, and are able to
match 93.2% of the symbols and 95.8% of the symbol-months. Finally, we merge with TAQ data,
and end up with a sample of 11,406 stocks, 8,165 ordinary stocks and 3,241 ETFs.

?'There are individual missing months for some market centers, but the data is more uniformly missing for
September 2020 (when only four market centers are covered).
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To study cross-sectional differences, we divide non-S&P 500 stocks into terciles based on

average market capitalization (defined as CRSP number of shares outstanding multiplied by the

closing monthly price) during our sample period. Terciles 1 and 2 have 2,550 securities, and

Tercile 3 includes 2,551.

The 605 reports provide a selection of variables for each stock, market center, month, order

type (market, marketable, and limit order), and order size (100-499, 500-1999, 2000-4999, and

5000-9999 shares). For this analysis we use a subset of the variables which are defined as follows:

Executed shares (EXshs) are the cumulative number of shares executed at the receiving
market center.

Away executed shares (AWshs) are the cumulative number of shares executed at another
venue.

Average realized spread (3RS is the share-weighted average spread in dollars using a five
minute horizon.?®

Average effective spread ($ES) is the share weighted average in dollars.

Price improved shares (Plshs) is the cumulative number of shares executed with a price
improvement.

Price improved average amount ($PI) is the per share share-weighted average dollar amount
that prices were improved.

At the quote shares (AQshs) 1s the cumulative number of shares executed at the quote.
Outside the quote shares (OQshs) is the cumulative number of shares executed outside the
quote.

Outside the quote average amount ($0Q) is the per share share-weighted average dollar

amount that prices were outside the quote.

231f the order is executed less than five minutes before the close of regular trading hours, the midpoint used is the
final midpoint of regular trading hours.
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The service provider uses these variables to compute a series of market quality metrics which are

defined as:

SHS = EXshs + AWshs @)

1
quoted spread = $QS = $ES+2 - —— - (8PI - PIshs + 0 - AQshs — $OQ - OQshs) (8)

SHS
price impact = $ES — $RS 9)
S$ES
effective / quoted = —— - 100 10
ffe q 305 (10
AQshs+Plshs
t or better = ———— - 100 11
at or better SES (11)
Plshs
ice i d= -100 12
price improve SHS (12)

After data cleaning to correct for inconsistent coding of missing vs 0 in share volume fields across
market centers, we re-calculate the quoted spread and truncate this variable to be at least $0.01.
We also re-calculate the effective / quoted metric.

We merge the patched Rule 605 dataset with CRSP monthly data to obtain information on
closing monthly price (prc), volume (vol), shares outstanding so we can calculate size (prc*shrout),
and askhi and bidlo so we can calculate monthly price range ((askhi-bidlo)/askhi). We trim the
following variables at 0.1 and 99.9% separately for market and marketable limit orders: quoted
spread (before setting it to be minimum $0.01); effective spread; realized spread; price impact;
and CRSP closing price. Finally, we calculate the quoted, effective, realized spreads and price

impact in basis poins relative to the monthly price from CRSP.
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A.2 Execution Quality Statistics in Cents

We report basis point spreads in the main analyses. For completeness, we here report the
share-volume-weighted execution quality statistics measured in cents. Table A1 reports the statis-
tics for the overall sample, while A2 reports share-volume-weighted execution quality statistics

for sub-samples.

[Table Al]

[Table A2]

A.3 Dollar-Volume-Weighted Execution Quality Statistics

We use share-volume-weighted execution quality statistics in our paper. By contrast, the
SEC uses dollar-volume-weighted statistics. To assure the reader that our sample is not very
different from the one analyzed by the SEC, we report the dollar-volume-weighted execution
quality statistics Table A3 below. For completeness, Table A4 reports dollar-volume-weighted
execution quality statistics for the four sub-samples. Note that we report full spreads, whereas the

SEC reports half-spreads.

[Table A3]

[Table A4]

A.4 ETF Tables

For completeness, we repeat the analyses in the main paper also for the sample of XXXX
ETFs. Table A5 illustrates that Citadel and Virtu are the largest wholesalers also for ETFs with a
combined market share of 64.9%.

[Table A5]
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Execution quality for ETFs is reported for the overall sample in Table A6. The differences
between wholesalers and exchanges are similar to what we observe for non-ETFs: quoted spreads
are wider when wholesalers execute retail orders, but they offer significantly larger price improve-
ments (35% compared to 4% of the spread for exchanges) so effective spreads are significantly
lower. Yet, since the price impact for held orders routed to wholesalers is so much lower, the
realized spread is significantly higher for wholesalers (14.72 bps) than for exchanges (5.12 bps)

also for ETFs. We confirm these univariate results in regressions in Table A7.
[Table A6]
[Table A7]

We examine whether market quality in ETFs delivered by the fop2 wholesalers (Citadel and
Virtu) are significantly different from the market quality of other wholesalers in Table A8. The
results show that fop2 provide significantly less price improvement, have more toxic order flow,

and charge higher realized spreads than their competitors.
[Table A8]

Just as for non-ETFs, broker routing is sensitive to past market quality for ETFs in or sample.
Specifically, Table A9 shows that wholesalers that offered lower realized ETF spreads on average

in the previous month receives more order flow the following month.
[Table A9]

Finally, we estimate the effects of moving ETF order flow from wholesalers to exchanges in
Table A10. The base case based on the realized spread of 5.12 bps from Table A6 shows that
retail would experience a 31.5% increase in spreads and a loss of $6.30 bn during our sample
period if their orders were pooled with the more toxic order flow on exchanges. As for non-ETFs,

the winners would be exchange liquidity providers who would gain $16.62 bn.

[Table A10]
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Table A1l
Execution Quality (Cents)

The table contains execution quality statistics in cents for held liquidity-demanding orders. We
compute the statistics separately for orders executed by wholesalers (WHOL) and exchanges
(EXCH). We report the average number of shares executed and the average stock price in a
sample stock during the sample period, followed by the percentage share of shares that are price
improved or executed at or better the corresponding NBBO. We report the quoted and effective
spreads, and to better understand the magnitude of price improvement, we compute the ratio of
the effective to the quoted spread. Finally, we compute the components of the effective spread:
price impact and realized spread, also in cents. Statistics are share-volume-weighted. Asterisks
**% in column [3] indicate statistical significance of differences between columns [1] and [2] at
the 1% level.

WHOL EXCH diff. [1]-[2]

[1] (2] (3]
# shares, mil. 172.80 252.86 *okok
price, $. 30.04  30.59
improved, % 66.10 9.00 woAE
at or better, % 93.12  98.35 ok
quoted spread, cents 10.52 7.28 ook
effective spread, cents 7.10 6.88
effective / quoted 0.67 0.95 oA
price impact, cents 4.69 6.99 ol
realized spread, cents 241 -0.11 ok
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Table A2
Execution Quality (Cent): Sub-samples

The table contains execution quality statistics measured in cents for held liquidity-demanding
orders. The sample is divided into S&P 500 and size terciles T1, T2, and T3 of non-S&P 500
stocks. We report the average number of shares executed and the average stock price in a sample
stock during the sample period, followed by the percentage share of orders that are price improved
or executed at or better the corresponding NBBO. Further, we report the quoted and effective
spreads in cents, and to better understand the magnitude of price improvement, we compute the
ratio of the effective to the quoted spread. Finally, we compute the components of the effective
spread: price impact and realized spread. All variables are share-volume-weighted. Asterisks ***
(**) in columns [3] and [6] indicate statistical significance of differences between columns [1]
and [2] and [4] and [5] at the 1% (5%) level.

WHOL EXCH diff. =~ WHOL EXCH  diff.
[1] [2] [3] [4] [5] [6]

S&P 500 Tercile 1

# shares, mil. 51596 1,106.88 oAk 195.45 381.42 kokk
price, $ 151.79 15247 5220  54.00
improved, % 76.11 12.00 oAk 69.76  11.15 oAk
at or better, % 94.71 97.82 ok 92.86  98.34 ok
quoted spread, cent 15.27 9.97 otk 12.30 7.90 otk
effective spread, cent ~ 8.25 9.26 7.67 7.35

effective / quoted 0.54 0.93 oAk 0.63 0.93 otk
price impact, cent 4.51 9.98 ol 5.32 7.96 kokx
realized spread, cent 3.74 -0.72 *okok 24 -0.61 Hokk

Tercile 2 Tercile 3

# shares, mil. 105.31 100.74 13291  74.79 otk
price, $ 14.43 14.61 7.03 7.09
improved, % 63.56 8.52 Hokk 63.16 6.84 Aok
at or better, % 93.20 98.65 ok 93.02  98.27 ko
quoted spread, cent 9.58 6.60 hokx 8.97 6.96 oAk
effective spread, cent 6.73 6.21 6.75 6.72

effective / quoted 0.70 0.94 oAk 0.75 0.97 oAk
price impact, cent 4.49 6.25 otk 4.36 6.25 otk
realized spread, cent 2.24 -0.04 otk 2.39 0.47 otk
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Table A3
Execution Quality: Dollar-volume-weighted

The table contains execution quality statistics for held liquidity-demanding orders. We compute
the statistics separately for orders executed by wholesalers (WHOL) and exchanges (EXCH).
We report the average number of shares executed and the average stock price in a sample stock
during the sample period, followed by the percentage share of shares that are price improved or
executed at or better the corresponding NBBO. We report the quoted and effective spreads, and
to better understand the magnitude of price improvement, we compute the ratio of the effective
to the quoted spread. Finally, we compute the components of the effective spread: price impact
and realized spread, also in basis points. Statistics are dollar-volume-weighted and expressed in

basis points.

WHOL EXCH
[1] [2]
dollar volume, $B 49,389 83,122
price, $. 171.22  134.14
improved, % 81.32 10.12
at or better, % 95.05 97.57
quoted spread, bps 10.04 6.86
effective spread, bps  6.09 6.60
effective / quoted 0.61 0.96
price impact, bps 4.68 8.45
realized spread, bps 1.41 -1.85

64



Table A4
Execution Quality (Dollar-volume-weighted): Sub-samples

The table contains execution quality statistics for held liquidity-demanding orders. The sample
is divided into S&P 500 and size terciles T1, T2, and T3 of non-S&P 500 stocks. We report
the average number of shares executed and the average stock price in a sample stock during the
sample period, followed by the percentage share of orders that are price improved or executed at
or better the corresponding NBBO. Further, we report the quoted and effective spreads in basis
points, and to better understand the magnitude of price improvement, we compute the ratio of the
effective to the quoted spread. Finally, we compute the components of the effective spread: price
impact and realized spread. All variables are dollar-volume-weighted. .

WHOL EXCH  WHOL EXCH
[1] 2] [3] [4]

S&P 500 Tercile 1
dollar volume, $B 29,437 50,041 17,156 30,391
price, $ 214.83 171.99 124.40  83.50
improved, % 83.17  10.06 80.12  10.54
at or better, % 95.41 97.48 94.73 97.66
quoted spread, bps 3.92 3.50 13.09 9.60
effective spread, bps  1.87 3.36 7.63 9.19
effective / quoted 0.48 0.96 0.58 0.96
price impact, bps 1.42 4.19 5.99 12.19
realized spread, bps 0.46 -0.83 1.64 -2.99

Tercile 2 Tercile 3
dollar volume, $B 1,741 2,059 1,053 631
price, $ 12.4 14.60 5.87 6.46
improved, % 70.98 7.66 67.49 5.77
at or better, % 93.65 98.44 93.01 97.89

quoted spread, bps 40.68  28.55 80.93  66.50
effective spread, bps  28.48  26.86 61.89 65.70

effective / quoted 0.70 0.96 0.76 0.99
price impact, bps 21.7 37.29 46.22 7049
realized spread, bps 6.78 -8.74 15.68  -4.79
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Table A5
Market Shares for ETFs

The table contains the list of 22 trading venues that execute held liquidity-demanding orders
in ETFs during the sample period (2019-2022). The data are from the SEC Rule 605 reports.
Wholesalers are highlighted in bold font. We report the total number of shares executed by each
venue (in billions) and each venue’s market share. Panel A aggregates by venue type, while Panel
B contains the results by venue.

venue type shares executed, bil. mkt. share, %

Panel A: by venue type

EXCH 552.14 65.65

WHOL 288.85 34.35
Panel B: by venue
NYSE ARCA EXCH 140.25 16.68
NASDAQ EXCH 137.34 16.33
Citadel WHOL 108.16 12.86
Virtu WHOL 79.50 9.45
BATS EXCH 66.99 7.97
EDGX EXCH 49.95 5.94
G1 WHOL 43.65 5.19
NYSE EXCH 31.16 3.70
BYXX EXCH 29.54 3.51
EDGA EXCH 25.28 3.01
Jane Street WHOL 19.92 2.37
NSDQ PHIL EXCH 19.06 227
NYSE NAT EXCH 16.81 2.00
UBS WHOL 14.98 1.78
Two Sigma WHOL 13.26 1.58
NSDQ BOS EXCH 12.11 1.44
MEMX EXCH 9.79 1.16
IEX EXCH 8.29 0.99
NYSE AMER EXCH 5.07 0.60
Merrill Lynch WHOL 4.84 0.58
Morgan Stanley WHOL 4.68 0.56
NYSE CHI EXCH 0.51 0.06
Total 841.00 100.00
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Table A6
Execution Quality for ETFs

The table contains execution quality statistics for held liquidity-demanding orders in ETFs. We
compute the statistics separately for orders executed by wholesalers (WHOL) and exchanges
(EXCH). We report the average number of shares executed and the average ETF price in a sample
ETF during the sample period, followed by the percentage share of shares that are price improved
or executed at or better the corresponding NBBO. Further, we report the quoted and effective
spreads in basis points, and to better understand the magnitude of price improvement, we compute
the ratio of the effective to the quoted spread. Finally, we compute the components of the effective
spread: price impact and realized spread. All variables are volume-weighted. Asterisks *** in
column [3] indicate statistical significance of differences between columns [1] and [2] at the 1%
level.

WHOL EXCH diff. [1]-[2]

[1] (2] (3]
# shares, mil. 80.99 154.46 Hkok
price, $. 41.06  40.95
improved, % 7573 10.34 ok
at or better, % 95.23  98.82 ko
quoted spread, bps 2847  24.82 ook
effective spread, bps 18.61 23.80 ek
effective / quoted 0.65 0.96 ook
price impact, bps 3.89 18.68 otk
realized spread, bps 14.72 5.12 otk
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Table A7
ETF Execution Quality: Regression

The table reports coefficient estimates from market quality regressions for ETFs of the following form:

DepVar, = oo+ BiWHOL;; + By pricei + Bsvolatility; + Bavolume;; + €,

where DepVar;, is one of the following market quality variables for ETF i in month ¢: the ratio of effective to quoted
spreads, quoted spread, effective spread, price impact, and realized spread as defined previously; WHOL is a dummy
variable that has a value of 1 for orders executed by wholesalers and O for orders executed by exchanges; price
is the natural log of the ETF price; volatility is the difference between the high and low prices scaled by the high
price; and volume is the natural log of trading volume. The models are estimated with ETF and month fixed effects,
and the standard errors are double-clustered across ETFs and months. Asterisks ***, ** and * indicate statistical

significance at the 1%, 5%, and 10% levels.

eff. spr. / quot. spr.  quoted spr. effective spr.  price imp.  realized spr.
(1] (2] (3] [4] (5]
WHOL -0.414%** 3.602%%* -4.075%**%  -10.075%*%*  6.000%**
(0.01) (0.28) (0.15) (0.62) 0.57)
price -0.015%** -6.722%%* -5.740%** -4.372% %% -1.368%*
(0.00) (0.76) (0.63) 0.67) (0.61)
volatility -0.000 -0.003 -0.003 0.003 -0.006**
(0.00) (0.00) (0.00) (0.00) (0.00)
volume -0.006*** -2.203*** -1.705%** -0.825%** -0.880%**
(0.00) (0.18) (0.15) (0.13) (0.10)
intercept 1.063*** 62.684***  53391%*%*  35858%**  17.520%%*
(0.01) (3.49) (3.01) (3.56) (2.79)
Adj. R? 0.582 0.668 0.616 0.302 0.224
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Table A8
ETF Execution Quality Across Wholesalers: Regressions

The table reports coefficient estimates from wholesaler ETF market quality regressions of the
following form:

DepVar;, = a+ Bitop2i + Bapriceis + B3volatilityy + PBavolumejs + €;,

where DepVar;, is one of the following market quality variables for ETF i in month ¢: the ratio of
effective to quoted spreads, quoted spread, effective spread, price impact, and realized spread as
defined previously; top2 is a dummy variable that has a value of 1 for orders executed by Citadel
and Virtu and O for orders executed by other wholesalers; price is the natural log of the ETF
price; volatility is the difference between the high and low prices scaled by the high price; and
volume is the natural log of trading volume. The models are estimated with ETF and month fixed
effects, and the standard errors are double-clustered across ETFs and months. Asterisks *#*_ *%
and * indicate statistical significance at the 1%, 5%, and 10% levels.

eff. spr. / quot. spr. quoted spr. effective spr. price imp. realized spr.
[1] [2] [3] [4] [5]
top2 0.066*** -0.074 1.687%%*%* 0.58 1*** 1.106%**
(0.01) (0.05) (0.15) (0.12) (0.21)
price -0.032%%%* -7.025%%*  5.070%**F  -1.417FFEF 3 ,653%**
(0.00) (0.84) (0.62) (0.37) (0.50)
volatility -0.000 0.002 0.000 -0.003 0.004
(0.00) (0.00) (0.00) (0.00) (0.00)
volume -0.006%*** -2.607F*F* - 1.522%%* 0.165%* -1.686%**
(0.00) (0.20) (0.13) (0.07) (0.12)
intercept 0.656%+** 71.200%**% 43 819***  5318***  38.498%**
(0.02) (3.98) (2.86) (1.61) (2.45)
Adj. R? 0.167 0.699 0.558 0.176 0.372
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Table A9
Wholesaler ETF Order Flow Determinants: Regression

We estimate the following regression:

mkt. share;j; = 0.+ Brabn. realized spread;;, _| + Prabn. realized spread -1

Jt—
+ Bspricej; + Bavolatility; + Bsvolume + €,

where mkt. share;j; is the market share of volume in ETF i executed by wholesaler j in month
t expressed as the deviation from the geometric mean across market centers; abn. realized
spread;j, 1 is the average realized spread earned in ETF i by wholesaler j in month 7 — 1 ex-
pressed as a deviation from the arithmetic mean across market centers; abn. realized spread ;1
is the average realized spread earned by wholesaler j in all ETFs routed to it in month r — 1
expressed as a deviation from the arithmetic mean across market centers; price is the natural
log of the ETF price; volatility is the difference between the high and low prices scaled by the
high price, and volume is the natural log of trading volume. The realized spread variables are
scaled, so the economic significance corresponds to basis points. We run these regressions for
the full sample and then separately for each sub-sample, use ETF, wholesaler, and month fixed
effects, and cluster standard errors by ETF and month. Asterisks ***, ** and * indicate statistical
significance at the 1%, 5%, and 10% levels.

mkt. share

abn. realized spread, 0.000

(0.00)
abn. realized spread;  -0.039%**
(0.01)
price 0.023*
(0.01)
volatility -0.048%**
(0.01)
volume 0.043#%*
(0.01)
intercept -0.107
(0.13)
Adj. R? 0.594
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Table A10
Moving ETF Retail Flow to Exchanges

The table illustrates possible consequences of moving ETF retail flow to exchanges. Among such
consequences are an overall reduction in price impacts for all exchange trades, a reduction in re-
alized spreads incurred by retail traders, and a reduction in price improvement obtained by retail
traders. Panel A reports percentage changes in effective spreads for retail liquidity demanders
(RET LDs) and liquidity demanders, whose orders are currently routed to exchanges (EXCH
LDs). Panel B reports gains measured in terms of effective spreads for LDs and realized spreads
for LPs from the move for four categories of market participants: RET LDs, EXCH LDs, ex-
change liquidity providers (EXCH LPs), and wholesalers (WHOL LPs). The line in bold font
represents an assumption that the currently prevailing exchange realized spreads will not change
if retail flow moves to exchanges. The remaining lines allow realized spreads to vary as a result
of the move, in 0.1 bps increments.

realiz. spr., Panel A: A eff. spread, % Panel B: gains, in $ bil.
bps. RET LDs EXCH LDs RETLDs EXCHLDs EXCHLPs WHOL LPs
5.62 34.51 -8.30 -6.91 13.32 2.74 -15.83
5.52 33.91 -8.72 -6.79 13.98 1.96 -15.83
5.42 33.30 -9.13 -6.66 14.64 1.18 -15.83
5.32 32.70 -9.54 -6.54 15.30 0.40 -15.83
5.22 32.10 -9.95 -6.42 15.96 -0.39 -15.83
5.12 31.49 -10.36 -6.30 16.62 -1.17 -15.83
5.02 30.89 -10.78 -6.18 17.29 -1.95 -15.83
4.92 30.28 -11.19 -6.06 17.95 -2.73 -15.83
4.82 29.68 -11.60 -5.94 18.61 -3.51 -15.83
472 29.08 -12.01 -5.82 19.27 -4.29 -15.83
4.62 28.47 -12.42 -5.70 19.93 -5.07 -15.83
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