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Abstract

I examine trading venue choice and price markups in over-the-counter markets. Clients
have trading relationship with a dealer but can can choose to “defect” and trade electronically.
I show that clients switch to the electronic venue when the expected market thickness on
this venue is sufficiently high, and that dealer markups on bilateral trades fall following the
introduction of an electronic venue. I confirm these predictions empirically using corporate
bond transactions by national insurance companies. Following an insurer’s initial transaction
on an electronic venue, the frequency of bilateral trades between insurers and dealers in their
network declines despite lower dealer markups. The decline in insurer-dealer relationship
intensities is strongest for smaller insurers, insurers with small dealer networks and insurers
in trading relationships with smaller dealers. Overall, this study highlights the tradeoffs
involved in venue choice in OTC markets.

Keywords: OTC markets, electronic trading, fixed income.

Introduction

Over-the-Counter (OTC) markets for financial assets have traditionally involved off-exchange,
bilateral negotiations between customers and dealers. As a result, these markets are opaque
and transactions can be subject to significant markups by a select number of participants who
intermediate a large share of the trading volume. These features were common contributors
to financial crises such as the 1997-1998 Long-Term Capital Management crisis and the 2008-
2009 financial crisis, both of which jeopardized the global financial system. In both cases, lack
of price transparency and concentrated trading volume in a few dealers with impaired capital
prevented the orderly exchange of risky securities. Similar issues arose in March-April 2020,

when investment dealers were unable to supply liquidity in corporate and US Treasury bonds
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to investors as a result of the ongoing COVID epidemic (Kargar et al. 2021) leading to calls for
greater price transparency in this market (SEC 2020).

Technological innovations on trading venues offer the promise to address some or all these
issues by disintermediating trade of risky debt securities. Advances involving human-to-machine
interactions allow investors in OTC markets to route trades to electronic trading venues instead of
trading bilaterally via by “voice” with an investment dealer. Because participation on these venues
is open to all, and the identity of the participants is public knowledge to other participants, such
human-to-machine interactions can reduce trading costs, increase liquidity, and improve financial
stability. However, a persistent puzzle for market regulators and financial market participants
is why the market for corporate bonds has not evolved to one of centralized trading like the
stock market. Large trades continue to be routed through dealers (O’Hara and Xing 2021), and
trading volumes on electronic venues remain low relative to total daily volume (Hendershott
and Madhavan 2015). What are the differences between human-human interactions and human-
machine interaction in electronic venues that result in lower usage of electronic venues?

I explore this question in the OTC market for corporate bonds, which provides a rich set of
trading data for testing predictions on the trading behaviour of investors and dealers. I show
theoretically and empirically that market thickness is a determinant of venue choice. Clients
trading bilaterally will trade on an electronic venue only when the market depth or “thickness”
on this venue is high enough. A consequence of this result is that markups by a dealer on the
voice venue decline once a client in a relationship with the dealer begins to trade on the electronic
venue. I confirm both predictions empirically using a sample of over 1.1 million U.S. corporate
bond transactions by national insurance companies between mid 2014 and 2021. I also find that
insurer-dealer specific relationship (i.e., trading) intensities decline following the insurer’s first
electronic transaction. This decline in trading intensity is greatest for smaller insurers, insurers
with smaller dealer networks and insurers in relationships with smaller dealers.

My analysis focuses on the market for corporate bonds, a US$8 trillion-dollar market that
involves debt securities issued by large corporations. A unique feature of corporate bonds is
that they are not traded on a traditional exchange but exchanged in the OTC market. The
traditional trading venue has been through a dealer or network of dealers. Indeed, it is not
straightforward to buy/sell assets in an OTC market. Typically, investors contact dealers to
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seek quotes. A dealer then decides whether to take on the transaction on its own or to contact
other dealers/investors to arrange a trade. The process can be time-consuming and even result in
failed trading attempts. Corporate bonds can also trade on electronic trading venues via human-
to-machine interactions. This mechanism promises to reduce overall trading costs (BIS 2016),
increase price transparency and potentially reduce unfair pricing (Pagano and Roéll 1996).

In the first part of the paper I extend the seminal search model of Duffie, Garleanu, and
Pedersen (2005) (DGP) with two features. The first feature involves the dealer-client trading
relationship. I assume that clients in a trading relationship with a dealer benefit from occasional
preferential pricing at inter-dealer prices. The greater the intensity of the relationship, the more
often clients can obtain preferential pricing. The second feature is a competing trading venue in
which clients can post electronic requests for quotes. The mechanics of this feature are based on
the market exchange and simultaneous multilateral search theories developed in Kranton (1996)
and Glebkin, Yueshen, and Shen (2023), respectively. I link the two features by assuming that
when clients “defect” and trade on the electronic venue, dealers temporarily increase the average
markup on bilateral transactions with defecting customers. It follows that clients will trade on
the electronic venue as long as the “thickness” of this market is high enough. When thickness is
sufficient to trade electronically, the penalty from defecting imposed by the dealer is not enough
to offset the better pricing terms and liquidity on the electronic venue. A corollary is that once
a customer trades electronically, average dealer markups on the voice venue decrease.

In the second part of the paper, I test these predictions using corporate bond transactions
reported by the National Association of Insurance Commissioners (NAIC). This data is unique
in that the identify to both parties to a secondary-market bond transaction are reported in the
insurers Schedule D filings, including whenever a transaction is executed on an electronic venue.!
When this is the case, the name of the venue, e.g. MarketAxess, is provided. Consistent with
studies that use non-publicly available transaction data on electronic market transactions, I find
that the proportion of electronic-venue transactions is steadily increasing over time. Moreover,
I find that the increase in electronic trading is strongest among small insurers, as measured by

the size of their corporate bond holdings.

'NAIC Schedule D filings data has been used in several other studies such as Bessembinder, Maxwell, and
Venkataraman (2006), Ellul, Jotikasthira, and Lundblad (2011) and O’Hara, Wang, and Zhou (2018). Bessem-
binder, Spatt, and Venkataraman (2020) provide a survey of the principal database used in fixed-income research,
including the NAIC dataset.
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To test my predictions, I form nine portfolio classes defined by rating size and credit rating.
I define market thickness by bond portfolio class as the ratio of the number of unique insurers
that trade on any electronic venue to the total number of unique insurers who trade in a given
calendar quarter. As might be expected, market thickness on the electronic venue is higher for
larger bond issues, and bonds with a credit rating. I find that venue choice is determined by
the market thickness of the electronic venue. The economic effect of market thickness on venue
choice is similar to that of the size of the insurer’s dealer network.

In the third part of the paper, I examine how the dealer-insurer trading relationship changes
after the insurer’s first electronic venue transaction. I evaluate the state of the trading rela-
tionship along two dimensions: price and trading frequency. Using the granular nature of the
dataset, I form trading pairs between dealers and insurers for each dealer in an insurer’s network.
I then measure markups and trading intensities at the insurer-dealer pair before and after the first
electronic transaction by the insurer. Because many corporate bonds do not trade often, I group
insurer-dealer pairs by bond portfolio class. This pairing and grouping allow me to control for
unobserved aspects of the insurer-dealer relationship as well as bond characteristics that might
determine the markup on the bond and the frequency at which it trades. Consistent with model
predictions, I find that dealer markups in bilateral transactions with insurers decline following
the first electronic transaction by the insurer. Moreover, the decline in markups is greatest
when market thickness is higher, and for insurers with larger dealer networks. The initiation of
an electronic transaction by an insurer also weakens bilateral dealer-insurer trading intensities.
Following the first electronic transaction by the insurer, the frequency of all dealer-insurer pair
transactions within the insurer’s network declines. The decline in trading intensity is greater for
smaller insurers. For example, insurers in the bottom third of the size distribution are 30% less
likely to trade bilaterally following their first electronic transaction, compared with only 18%
less likely for medium or large insurers.

This work makes three contributions to the literature on search frictions in OTC markets.
First, I use data on venue choice that contains the identity of both counterparties to each transac-
tion. Previous studies on electronic venues in OTC market rely on privately available transaction
data with anonymized customer identities. This restricts the analysis of trading venue choice
in OTC markets to features of the bond being traded, such as the trade size, the bond issuer’s
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credit rating, etc. However, much of the choice to trade on the electronic venue is related to
unobserved aspects of the relationship a client has with his dealer, and possibly to the size of the
dealer’s network. Clients with strong relationships with their dealer or clients with large dealer
networks may be less inclined to switch to electronic trading venues, predictions that my data
allows me to test. Knowing the identities of who trades on the electronic venues also allows me
to measure the thickness of the electronic venue, something that would not be possible without
knowing the identities of the parties to each transaction.

Second, I highlight a feature of electronic venues that is important to practitioners, namely
the market depth, or lack thereof, of electronic trading platforms for corporate bonds. Because
corporate bonds trade seldomly (Goldstein and Hotchkiss 2020), bilateral trading with a dealer
can be more advantageous when there are few parties willing to trade on the electronic venue.
Indeed, when using the most prevalent trading protocol on these venues, the RFQ protocol,
clients do not know in advance how many dealers will respond on the platform. Advertising
one’s liquidity need to the world with an RFQ without the certainty of this need being satisfied
may expose a liquidity-seeking client to adverse trading behavior on the part of dealers and
other market participants. Moreover, several studies show that dealers that are more central in
a network charge a centrality premium (Di Maggio, Kermani, and Song 2017, Li and Schiirhoff
2019). Thus, in order to compete with central dealers, electronic trading venues must have a
minimum number of participants, and the expected market thickness of these venues should be
large enough that it offsets penalties for “defecting” to electronic trading. I find strong support
for this prediction in the NAIC dataset.

Third, I assess the extent to which dealers modify their behavior in response to the intro-
duction of electronic venues. Due to the difficulty in obtaining data on prices by venue, there
is limited evidence on what happens to bilateral prices after clients begin to trade bonds on
the electronic venue. The closest evidence is in O’Hara and Xing (2021) who find that trans-
action costs for dealers fall after the dealer first begins to trade electronically. In contrast, I
look at markups charged by dealers to clients after clients first trade electronically. Against
this backdrop I offer two pieces of evidence that shed light on the evolution of dealer-insurer
relationships after the start of electronic trading. First, dealer markups on bilateral transactions
with the same insurer fall after the insurer begins to trade electronically. Second, the inten-
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sity of the dealer-insurer trading relationship declines following the first electronic transaction.
These results control for unobserved time-invariant) aspects of the dealer-insurer relationship.
The decline in trading intensity is strongest among small insurers. Lower markups but sustained
trading frequencies on the voice venue post electronic trading for larger insurers suggest that
these insurers continue to value certain non-trade aspects of their relationship with the dealer
after transacting electronically.

Overall, I contribute to the the wider literature on search frictions in de-centralized markets.
My focus is on the relationship aspect of these markets and what happens when one party defects
on this relationship. In this sense my work is similar to Riggs et al. (2020) who highlight the im-
portance of customer-dealer relationships in explaining the use of electronic trading mechanisms
in the context of index CDS markets. A large volume of work focuses on search frictions and the
mechanics of decentralized vs centralizing exchanges in OTC markets. Search frictions and their
effect on liquidity are explored in Lagos, Rocheteau, and Weill (2011) and Lagos, Rocheteau,
and Weill (2011). Lester, Rocheteau, and Weill (2015) explore the role of pre-trade transparency
in reducing search frictions. Rocheteau and Weill (2011) and Weill (2020) survey the literatures
on search frictions and the impact on liquidity. A substantial empirical and theoretical literature
examines the role of networks to overcome search frictions in OTC markets. Babus and Kondor
(2018) highlight the importance of dealer centrality on trading costs. Neklyudov (2019) shows
how a centrality discount can arise out of differences in search technology. Sambalaibat (2023)
shows that dealers specializing in specific client trading needs can become more or less central in
a dealer network. Colliard, Foucault, and Hoffmann (2021) argue that core-peripheral networks
arise to minimize inventory holding costs across dealers. Allen and Wittwer (2021) consider
the customer welfare implications of the opposite extreme, namely a market with completely

centralized trading.

1 Model

The objects of interest are the markups on the voice venue and the client’s choice of trading
venue. To understand how both are determined and interact, I use the search-and-matching

model Duffie, Garleanu, and Pedersen (2005) (DGP) and add an electronic trading venue with



“market thickness” proportional to the number of dealers who participate in electronic trading.
The electronic trading venue is based on simultaneous multilateral search concept developed in
Glebkin, Yueshen, and Shen (2023). The thickness concept is based on the thickness of the
Kranton (1996) market-exchange economy in her analysis of reciprocal exchanges. To these
elements, I add preferential pricing for clients by dealers with whom clients have a trading
relationship. Such pricing is akin to “loyalty” discounts in the consumer retail industry; see for
example (Liu 2007). Turning on or off preferential pricing allows dealers to penalize customers
who “defect” by trading on the electronic venue, thus jeopardizing the trading relationship when
a client trades electronically.

There is a bond that pays a coupon C' per year. Customers have either a high or a low
valuation of the bond. As in DGP, low valuation owners discount the cash flows by & per year.
Valuation shocks occur at the rate \; for high- and low-valuation types. When a high-valuation
owner switches to a low valuation state he will initiate a sale of the bond. Likewise when a
low-valuation customer switches to a high valuation state, he will initiate a buy transaction.
Buyers and sellers can only trade through an intermediary, i.e. a dealer. I assume that having
a relationship with a dealer implies periodic access to more favorable pricing with frequency As.
The intensity of the client-dealer relationship increases in As.

There are two trading technologies through which customers can contact intermediaries.
Under the first technology, customers trade bilaterally with dealers in their network at a marked-
up price with frequency A, and trade at the inter-dealer price M at frequency As. When using
the second technology, customers trade on an electronic platform at rate A.. On this platform,
dealers compete for the client business by responding to a client request for quote with a price.
The quality of this technology is determined by the market thickness pu on this venue. Depending
on , transacting through this venue may or may not be cheaper than bilateral trades within the

client’s dealer network.

1.1 Value of trading relationships

Let 7; be a stopping time governed by a Poisson process with arrival rate A;. Let AV} denote
the difference in valuation between ownership and non-ownership for a high-valuation client.

Likewise, denote by AV} the difference in valuation between ownership and non-ownership by a

7



low-type client. The value S of the trading relationships in the customer’s network for a customer

seeking to trade is given by,

S =FE e_r(TS_t)a(AVh - M)l(T:TS)i| + Bt [e_r(TS_t)g(M - AW)l(T:TS)} (1)

The first term is the value Sy, of the relationship to a client seeking to purchase the bond,
i.e., a hn type. The second term is the value S, of the relationship to a client seeking to sell the
bond, i.e., of type lo. The terms §(AV}, — M) and §(M — AV}) are the dealer markups relative to
the inter-dealer price M on client buy and sell orders, respectively. The proportion 6 is dealers’
bargaining power when trading bilaterally at non-relationship prices. I assume that whenever
the client trades at the inter-dealer price, she keeps all of the surplus. These two terms reflect the
loyalty discount for clients with a trading relationship. Intuitively, the value of the relationship
is the present value of what the client would have otherwise incurred in markups had she traded
at non-relationship prices on the voice venue. When I consider the client’s choice to trade on
the electronic venue below, she will consider the impact this has on the value of the trading

relationship with dealers in her network.

1.2 Trading on voice only

I first start by specifying prices and the value of a trading relationship when there is only bilateral
trading, i.e., voice only (vo). Let 7 = Min(m, Ty, 7s). Let Vj, denote the value of holding the
bond by a low-type. The terms Vj,, Vi, and Vj, represent the values of high-type owners,
low-type non-owners and high-type non-owners respectively. The steady state values are given

by,
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The first term in the expression for Vj, is the value of owning bond for a low type until the
first stopping time. The second term in the first integral is the value of switching to a high-type.
Inside the second expectation for Vi, is the value of selling the bond to a dealer via a bilateral
trade with a dealer in the network at marked-up price P;%. The second term in this expectation
is the value of selling the bond to a dealer with a customer loyalty premium at price M. This
last outcome is more likely, the higher the relationship intensity As. The expressions S} and
Spw represent the value of the trading relationship to high-value non-owner and low-value owner
types respectively. The expressions for Vj,, Vio, and Vj, have similar interpretations to Vj,,
where P9 is the price paid by a high-value non-owner type in a bilateral trade with a dealer at

a non-relationship price.

1.2.1 Prices and dealer markups

Denote by M the price in the inter-dealer market (i.e., a dealer’s outside option). Let 6 bet the
dealer’s bargaining power when trading with a client bilaterally. Following standard arguments
with Nash bargaining, dealer bid and ask prices when clients can only trade bilaterally are below

and above the inter-dealer price M, respectively,



P =M —0(M — AV}) = (1 — )M + AV, (3)

wek = M+ 0(AV, — M) = (1 - 0)M + 0AV, (4)

The expectations in (2) are derived in the Appendix using these prices.

Define the dealer markup on a transaction as H"” = 0.5(PY9 — P%). I show in the Appendix

ask

that the markup on the voice venue is,

o _ 03(r + ) 6(C —rM)

BT T T R 5)

where 9 is a function of A\, Ay, and \; and increasing in A\s. Based on (5), markups are
declining in the intensity of the relationship, i.e., clients who access the inter-dealer market more
frequently will require better prices to trade with non-relationship dealers. Intuitively, condi-
tional on contacting a dealer in their network who offers to trade at vo-prices (3) or (4), clients
are indifferent between trading immediately at these prices or waiting to trade at preferential
relationship price M in 1/\s periods in expectation.

Under these assumptions, the total value S¥° to a client of a bilateral trading relationship
with a dealer is proportional to the markup H"° on the voice venue. The value of this relationship
is,

2 s HY° As06

= = 6
(r+ X+ X+ ) (r+X+X+A)(r+20+ A (1 —0) + Xs) (©6)

vo

Examination of this expression shows that the value of the trading relationship is decreasing

with the client’s trading frequency A;, holding A4 constant.
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Figure 1: Dealer markups and trading relationships.
This figure reports the value in basis points (bp) of dealer markups and of the client-dealer trading relationship

for different levels of the intensity of the relationship (As) and the client’s trading frequency (\;).

Figure 1 plots dealer markups and the relationship value as a function of the intensity As of
the relationship, assuming parameter values of 0 = 85%, r = 1%, A, = 20%, N =1, 6 = 0.25 and
C = 1. Panel A shows that markups decline with the client trading frequency \; (orange vs blue
line), which is consistent with evidence that clients that trade more often trade at better prices
(O’Hara, Wang, and Zhou 2018). Markups are also declining in the intensity of the relationship
s, 1.e., clients who access the inter-dealer market more frequently will require better prices to
trade at non-relationship prices.

Panel B shows that the value of the trading relationship is decreasing with the client’s trading

frequency \; (orange vs blue line). The reason is that when clients trade more frequently, dealer
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markups on non-relationship prices decline and preferential pricing at rate A\s (and price M)
becomes less valuable. Panel B also shows that the value of the relationship is initially increasing
in the intensity A of the relationship, and then declining. This is because of two opposing forces.
First, trading more often at preferential price M is more valuable. However, trading more often
at the inter-dealer price reduces markups H"?, which reduces the value of the relationship, as

the relationship value is proportional to the markup.

1.3 Trading on voice and electronic platforms

I next examine the impact on venue choice and markups of introducing an electronic trading
venue with an auction-like trading protocol. I show 1), that there is a minimum market thickness
on the electronic venue below which clients will not trade electronically, and 2), that prices on
the voice venue fall after the introduction of electronic trading as long as the thickness of this
venue is large enough.

I make two assumptions. First, dealers penalize clients who “defect” and trade on an electronic
venue by withholding access to inter-dealer prices from the client for a finite period of time. This
assumption is motivated by the literature on trading relationships. In Macchiavello and Morjaria
(2015), Kenyan rose exporters lose access to bilateral exchanges once they start trading on an
organized exchange. In Harris and Nguyen (2023), shippers who break a bilateral contract to
secure shipping on the spot market are penalized by their counterparty. Second, I assume clients
either trade only bilaterally with dealers or trade on both electronic and voice venues. The
second assumption is based on the fact that in the trading data used in the empirical analysis,
customers never trade exclusively on the electronic venue.

Let the stopping time 7. be governed by a Poisson process with rate A.. Denote by u the
proportion of all market participants (clients and dealers) that engage in transactions on the
electronic venue, or, equivalently, the “thickness” of the market. The market thickness concept
used here is similar to that developed by Kranton (1996) in a gift exchange setting. Let P?

ask?

v e
Pbid’ P,

e Pogi denote the expected prices paid and received by customers on the voice and

electronic venues, respectively.
I assume that dealers penalize clients who trade on the alternative electronic venue. More

specifically, after trading electronically, lo and hn type clients temporarily lose access to the inter-
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dealer market for /\% periods in expectation upon changing to high type or low type, respectively.
This assumption requires that, following an electronic transaction by a client, all dealers with
whom a client has a relationship stop providing “loyalty” pricing a the inter-dealer price from
stopping time 7; to the time of the client’s next transaction. This trigger strategy also requires
knowledge by all dealers in the client’s network that the client traded on an electronic venue. The
former requirement is a strong assumption, the latter is weaker as RFQ quotes are advertised
to everyone participating on the electronic platform. On the plus side, the penalty is finite and
so avoids unrealistic “grim trigger” type strategies used in the relationship-literature whereby a
client would be shut-out of the voice channel in perpetuity.?

Given the dealer’s strategy, the steady-state values are given by,

Vio = E; [ /t T(C —8)e "D du + eIV oy + e (W, + M)l(T:TS)] (7)
+ By [T (Vi + Pl = i) Lrry) + €0 (Vi + P,

Vin = Bi [e 70V,

Vio = Ei _ /t " Cere gy + e "y,

Vin = Bt |7 Wil oy + €7 (Vi = P = Sio) L=
+ By [ Vg = P Lrmry) + €7 (Vig = M1 |

Shn = By [0 570

S, = E; _€_T(Tl_t)slvoo}

These expressions are similar to (2) except for the addition of extra terms with stopping
time 7. For instance, the first term in the second expectation in the expression for Vj, captures
what happens when a low-value owner type trades electronically. The client become a V}, type,
receives price Py, but loses a part of the value of the trading relationship equal to Sp,. The
expression for Sy, is a function of S} defined above. The loss in value of the trading relationship

reflects the fact that after selling on the electronic venue, the In-type client client does not have

2A grim trigger strategy is explored in the Appendix. However, this type of strategy does not seem plausible
nor enforceable as it would require coordination by all of the dealers in the client’s network in perpetuity.
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access to the inter-dealer market upon switching to a hn type at stopping time 7;. The loss in
value is temporary as the value of the relationship becomes zero as soon as she switches type

again or transacts after switching to a high-type.

1.4 Prices on the electronic venue

Prices P, and P7, on the voice venue when there is electronic trading can be expressed as
(3) and (4), except that the values AV} and AV, change as a result of the introduction of
electronic trading. To determine prices on the electronic venue, I assume that clients have the
following beliefs about the participation of dealers on the electronic venue. Suppose that pu
is the proportion of total dealers m who participate on the electronic trading venue, i.e., the
“thickness of the market”. Clients know p but do not know which dealers participate on the
electronic venue. Instead, clients observe a noisy signal of whether dealer 7 participates on the
electronic platform (¢ = 1) or not (¢ = 0). Clients beliefs are such that a type hn or lo
client who observes o = 1 enters a request for quotes on the electronic venue with probability
P(client request|loc = 1) = P(client no requestlc = 0) = ¢. Given these beliefs, Bayes rule

implies that dealer ¢ will respond to a quote request with probability 7(u), where

_ op
o+ (1—=¢)(1—p)

m(p)

Expected prices on the electronic venue are then given by,

Pg = [1 = a(@)]M + a(u)AV; (8)
sk = (1 — a(W)]M + a(p) AVy 9)

mpp(1— () ™!

== ()" and «(p) is decreasing in p. The proof of this results follows

where a(p) =
from arguments developed in Glebkin, Yueshen, and Shen (2023) and is left to the Appendix.
Comparing expressions (3)-(4) with (8)-(9), it follows immediately that markups on the electronic

venue are lower than markups on the voice venue whenever a(u) < 6.

Dealer markups on the voice and electronic venues are then,
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where the expressions for ¢ and s are derived in the Appendix. The value of the trading

relationship when there is an electronic venue is,

N 06
(r+X) (r+X+ X+ A+ X) (r+¢ — s+ N)

1.4.1 When do clients trade electronically?

The following proposition characterizes the decision to trade on the electronic venue in terms of
the the market thickness p of this venue. It describes the minimum amount of market thickness
for which clients consider trading on both venues.

Proposition 1: Suppose there are m dealers across the voice and electronic venues, 7 is

as described above, and a(u) = % There then exists a threshold electronic venue
market thickness p* given by,
_ AiAs0
* s 110y aea)\saAva)‘ = ! 1-
prrm: ¢ )= ( (r+)\l)(r+)\l—|—)\v+)\s))

above which clients will trade on both voice and electronic venues. This threshold is inde-
pendent of the frequency . of trade on the electronic venue.

Proof: See Appendix.

The proof of this results compares client welfare under two scenarios. In the first the client
only trades on the voice venue. In the second the client trades on both the voice and electronic
venues where a proportion u of dealers choose to participate on the electronic venue.

The expression for the market thickness threshold is increasing in the trading frequency \;
only for low trading frequencies. For low trading frequencies, the threshold u* is low because
the client does not have much to lose from defecting and trading electronically. As )\; increases,
so does the threshold, at least initially: the loss from defection is greater than the benefit from

trading electronically. When ); is high, it becomes more advantageous to trade electronically
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despite less frequent access to inter-dealer pricing from the client’s relationship dealers due to
defection penalties. At this point, the electronic venue trading threshold is declining with ;.
The reason is that dealers compete in price on the electronic venue, and competitive pricing is
more valuable the more often the client trades.

The next result describes the effect on dealer markups on the voice venue subsequent to the
introduction of the electronic venue.

Corollary: Following the introduction of the electronic venue, markups on the voice venue

fall for any market thickness above a threshold i given by,

) ) W
0, Xs; Ao, A, Ae) =07t (1 2
:U’(Tvma ¢7 ) ) l ) @ < (T+)\l) (’l“+/\l +)\e+)\v+)\8)) ( )

Because i < p*V A, markups on the voice venue always decline following the introduction
of the electronic venue with any p greater than p*. Moreover, since p* is independent of A, this
result holds for any trading frequency . € (0, 00).

Proof: See Appendix.

Intuitively, to protect trading volumes on the more profitable voice venue, dealers adjust
their pricing on bilateral trades by reducing markups following the introduction of an electronic

venue.
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Figure 2: Market thickness thresholds.
This figure plots the market thickness thresholds p*and fi. The thresholds are defined in equations (A.48) and
(A.50) in the text. The different regions indicate when clients trade on the electronic exchange, and when voice

spreads decline as a consequence of the introduction of electronic trading.

The intuition behind the corollary can be understood from the case when i < p < p*. Figure
2 plots p*and 1. Given A, clients who currently trade on the voice venue will not switch to voice
and electronic trading for g in the middle region indicated as “Voice only, voice spreads lower” in
the figure. For p in this region, markups on the voice venue fall subsequent to the introduction
of the electronic venue. However, the thickness of the electronic venue is not sufficient to offset
the loss in the value of the trading relationship from trading on the electronic venue, and clients
continue to trade bilaterally. Dealer markups are just low enough in this intermediate region
that clients choose not to defect to electronic trading.

When i < p* < p, price competition on the electronic venue is sufficiently high that the value
of trading on both venues net of the penalty for defecting is greater than the value of trading
bilaterally and not paying a defection penalty. The reason is that in this region dealer markups
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on both the electronic venue and the voice venue are lower than in the voice-only case. As a
result, when market thickness lies in this region, the penalty for defection is implicitly lower and
the gains from electronic trading are higher.

I next test these two predictions, namely 1), client trading on the electronic venue increases
with market thickness on this venue, and 2), following a client’s first transaction on an electronic

venue, non-relationship prices for this client on the voice venue fall.

2 Data sources and summary statistics

I use data on insurer transactions reported to the National Association of Insurance Commission-
ers, a self-regulatory organization that collects state-level regulatory filings by North American
insurance companies. The transaction-level data is reported quarterly and date-stamped. Each
insurer is required to report the counterparty to each transaction: a small but significant promo-
tion of these transactions are reported with a electronic venue as the counterparty (usually, but
not always MarketAxess). I combine these data with bond issue characteristics from Mergent-
FISD and inter-dealer prices from TRACE. The merged transaction data covers 1,177,857 cor-
porate bond transactions between January 2014 and December 2021. I also create a subset of
transactions for insurers for whom I can match corporate bond holdings at a quarterly frequency
obtained from eMaxx bond holdings. Because matching is done manually by insurance company
name, this dataset is smaller and is comprised of 568,821 corporate bond transactions.

The variable of interest is the dealer markup. I measure markups as,

Price

Markup(bps) = 10,000 x In ( ) x SIGN (13)

Interdealer price

where the price is expressed as a percentage of par and SIGN equals +1 or -1 depending on
whether the trade is a buy or a sell by the client. This expression is the empirical counterpart
to expressions (5), (10) and (11) in the preceding section.

Table 1 reports basic summary statistics on the full dataset of corporate bond transactions.
As shown, the average markup is 9.8 bps and the median markup is 0.004 basis points. Markups
can be negative and there is substantial variation in markups, as the standard deviation is 78 bps.
I measure dealer network size as the number of distinct dealers each insurer trades with during a

18



calendar quarter. Based on this measure, the average network size is 13.7 dealers. Insurer trading
frequency is 0.85 bond trades per day, measured quarterly. There are three electronic platforms
used by insurers in the NAIC database: MarketAxess, TMC, and Tradeweb. About 2% of trades
between 2014 and 2021 are executed on one of these platforms (over 22,000 electronic platform
transactions in all). By far the largest platform in terms of volume is MarketAxess. Average
markups on the voice venue are slightly larger than electronic venue (9.8 bps vs 8.9 bps), yet the
median markups are large on the electronic venue, suggesting some sampling variation on the
electronic venue due to the much smaller number of transactions.

I further explore the differences in markups across venues by grouping transactions by rating
class and issue size in Table 2. Bonds are classified according to whether they are investment-
grade, high yield or unrated and whether the issue size is less than $500M, between $500M and
$1B or greater than $1B. Markups are lower on the electronic venue except for small bond issue
sizes. For example, transacting a small issue size investment grade bond on the voice venue costs
11.7 bps compared with 16 on the electronic venue. In comparison, transacting a large issue
size investment grade bond on the voice venue costs 7.5 bps compared with 6.4 on the electronic
venue.

As I do not observe the number of dealers who are active on a given electronic platform, I
assume that this number is proportional to the number of insurers who trade electronically. Thus
to measure thickness, I count the number of insurers who use the platform in a given quarter
and divide this number by the total number of insurers who trade in the quarter. Based on this
measure, the average market thickness is approximately 6.5% over the entire sample.

Holdings data are obtained from eMaxx Bond Holders database for each fund. Whenever
several funds belong to the same NAIC entity, I aggregate the holdings up to the insurer level.
The last two rows of 1 report average bond-level holdings and aggregate quarterly portfolio
holdings for each insurer. The average insurer has $5.3B in corporate bond holdings in any given
quarter. I create terciles based on this measure to classify insurers by size (small, medium and

large).
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3 Electronic market thickness and venue choice

I plot the monthly proportion of electronic venue transactions on any of the three electronic
venues observed in the sample. The monthly proportion is measured across all types of bonds
and is relative to the total number of bond transactions that occur in a month. These frequencies
are reported in Figure 3. The proportion of electronic-venue trades increases over time. As shown,
the fraction of total trades that take place on an electronic exchange is low (below 1%) at the
beginning of the sample, but steadily increasing near the end of the sample. These frequencies
are lower than those reported in O’Hara and Xing (2021). The primary reason is that I use
a different dataset that is restricted to regulated insurance companies. My sample excludes
electronic trading by exchange traded funds, hedge funds and other institutional fund managers.

It may be more advantageous for smaller insurers to trade electronically as their transactions
are smaller on average and transaction costs decrease with transaction size (Schultz 2001). I split
insurance companies for whom I have valid matches with the eMaxx Bond Holders dataset into
three groups based on the total size of their bond portfolios. I then plot the monthly proportion
of trades that occur on an electronic venue for each category of insurer and plot them in Figure
4. As expected, a larger proportion of insurer transactions occur on a electronic venue for small
insurers compared with large insurers. This difference is most notable in the last two years of
the sample, when small insurers trade electronically 5% of the time versus about half that rate
for large insurers.

The theoretical outline in section 2 suggests that market thickness is important for under-
standing insurers’ decision to trade electronically. To test this idea, while taking into account
that certain types of bonds trade more frequently on an electronic venue (Hendershott and Mad-
havan 2015), I borrow the approach of Bessembinder, Jacobsen, et al. (2018) and form bond
portfolios according to the nine bond issue size and credit rating classes described in the preced-
ing section. I measure (electronic venue) market thickness separately for each of these nine bond
portfolios in each calendar quarter. Figure 5 reports quarterly market thickness by portfolio in
each calendar quarter of the sample. The market thickness is increasing for each of the nine bond
portfolio classes. Some bond portfolio classes have greater thickness than others, notably large-

issue investment grade bond and high-yield issues. Unrated bonds have the thinnest electronic
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market thickness overall.

3.1 Venue choice

I next examine the trading venue choice by insurers. Proposition 1 predicts that insurers will
choose to trade electronically the greater the market thickness on the venue. I test this prediction
with the bond portfolio-level market thickness measure developed above, lagged one calendar
quarter. Lagging avoids simultaneity bias between market thickness and venue choice. I also
include calendar quarter fixed effects (d;) in some of the regression specifications.

I estimate the following logit model of venue choice at the bond trade level,

y;‘jt = a + bMFkt.thicknessjq—1 + cXji + dYig—1 + dq + € + uyj¢ (14)

where ¢ indicates the insurer, j the bond portfolio, ¢ indexes the trade date, and ¢ indexes
the calendar quarter of the trade date. The variable X indicates a vector of bond and trade
characteristics, and the vector Y indicates a vector of insurer characteristics.

Table 3 shows that market thickness is significantly positive in all four versions of this regres-
sion model. Based on model (1), taking the derivative of the logit function using the coefficient
estimates indicates that the economic significance of market thickness is similar to that of the
size of the insurer’s dealer network. Moving from the 25th to the 75th percentile of market
thickness implies an 1.1% change in the probability of choosing an electronic venue, compared
with 0.9% change from a 25th to 75th percentile increase in dealer network size. In comparison,
trade size has an economically larger effect. Relative to the smallest trade size, trading over $1M
par amount reduces the probability of choosing the electronic venue by 2.9%. The sign of the
other covariates implies that 1), insurers with larger dealer networks are more likely to trade
electronically, 2) insurers who trade more frequently are less likely to trade electronically and 3),
larger transactions are less likely to be executed on the electronic venue, controlling for dealer
network size.

The magnitude of the coefficient on market thickness declines when monthly time fixed effects
are included (Model 2), likely because of the constant upward trend in electronic venue usage in

the sample (Figure 5). Model (3) restricts the sample to observations with insurer bond holdings.
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Controlling for insurer size does not affect the coefficient estimates on market thickness (columns
1 vs 3). However, larger insurers (in the top third of the holdings based on the previous quarter)
are more likely to trade electronically than smaller insurers, controlling for trade size and dealer
network size. The economic effect of insurer size is similar to that of market thickness, with a
marginal effect of 0.5% of being a large insurer relative to a small insurer on the probability of
trading electronically. The positive association between size and electronic venue choice suggests
that the higher frequency of electronic venue transactions by small insurers observed in Figure
4 is due to the smaller transaction size made by these institutions, rather than the size of the
insurer.

In unreported tests, I examine whether the effect of market thickness is moderated by trading
frequency or dealer network size by including interaction effects between market thickness and
dealer network size and market thickness and trading frequency. Neither interaction term is

significant.

3.2 Markups

I next investigate whether dealer markups fall following trading by insurers on an electronic
venue. To do this, I compare markups before and after an insurer first trades on an electronic
venue. The variable of interest is a dummy variable equal to one after the first trade on an
electronic venue. I define Dummy : Post — elec;j; separately for each insurer-bond portfolio
combination.

The following regression specification controls for insurer-dealer relationship effects that affect

markups by a dealer with respect to an insurer:

Markup(bps)ikjr = air, +bDummy : Post — elecyj + ¢ Xt + dZiy + di, + Uik (15)

where k indexes the dealer, ¢ the insurer and j the bond class. The variable a;; measures
the time-invariant (unobserved) component of the trading relationship between insurer ¢ and
dealer k. Dummy : Post — elec;j; takes on a value of 1 after any bond from portfolio j is first
traded electronically by insurer ¢ . This variable captures the time at which an insurer begins

to trade on the electronic venue. Corollary 1 implies that the coefficient b is negative: markups

22



on the voice venue fall after an insurer starts trading on the electronic venue. Because of the
high number of multi-dimensional fixed effects, I lose some observations depending on which
combination of relationship, time and portfolio fixed effects are included in any given regression
model specification.

Ordinary least squares estimates are reported in Table 4. Model (1) reports estimates of
equation (15). Model (2) add an interaction term between Dummy : Post — elec;j; and market
thickness. Model (3) adds an additional interaction between Dummy : Post — elec;j; and dealer
network size. Model (4) adds month time effects, and model (5) replaces the insurer-dealer
fixed effects with insurer-dealer-portfolio fixed effects. This last specification uses the subset of
observations for which there are at least two trades by the same insurer-dealer pair for each
portfolio.

All four regression models imply that dealer markups for insurers in a given dealer-insurer
trading relationship decline following the first transaction on an electronic venue. Based on model
(1), trading electronically has a statistically significant negative effect on subsequent trades over
the voice venue, controlling for unobserved effects relating to the insurer-dealer relationship. The
coeflicient estimate implies that trading electronically reduces subsequent dealer markups on the
voice venue by approximately 0.74 bps. Given an average markup of 9 bps, this is equivalent to
a 7.5% decrease in average trading costs.

Table 5 reports the effects of electronic trading on bilateral dealer markups based on different
value of market thickness and dealer network size. Model (2) implies that the effect of trading
electronically on dealer markups on the voice venue is increasing in market thickness. At the
25th percentile of market thickness and the median number of dealers, trading electronically
subsequently decreases voice-venue markups by 0.22bps. When the market thickness is at the
75th percentile, dealer markups decline by 1.2 bps subsequent to the first electronic trade by an
insurer.

Model (3) indicates that markup reductions post electronic trading are greater the larger the
dealer network size. For example, setting market thickness to its median value and the number
of dealers at the 25th percentile implies a 0.14 bp reduction in dealer markups ( Table 5, column
3). When dealer network size is at the 75th percentile, dealer markups decline by 0.81 bps. The
negative effect of dealer network size implies that insurers with large dealer networks pay lower
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markups on the voice venue post electronic-trading than insurers with small dealer networks.
This result is surprising as insurers who trade with a large number of dealers on the voice venue
should be more competitive, pay lower markups, and thus benefit less from electronic trading.
A possible explanation is that the number of dealers who respond to a request for quotes on the
electronic venue is a function of the size of the dealer network of the insurer making the request

on the electronic venue.

3.3 Bilateral trading intensities

I next examine the evolution of insurer-dealer trading intensities following the first electronic
venue transaction by an insurer. More specifically, I count the number of voice transactions per
quarter involving each insurer-dealer-portfolio combination and test if the quarterly transaction
count between the insurer and the dealer declines following the first electronic venue transaction

by the insurer for a given portfolio. The regression model is,

Nikjq = a; + bDummy : Post — elec;jiq + cDummy : Post — elecij; x nb.dealers(t —1) (16)

+ dXig + eZjq + fWhq + gq + Uirjq

where n;;4 is the number of transactions between insurer 7 and dealer %k involving bonds in
portfolio j, ¢ indexes the insurer, j indexes the portfolio, k indexes the dealer and ¢ indexes the
calendar quarter. The estimation dataset is comprised of quarterly counts per insurer-dealer-
portfolio combination. The size of the dataset grows to 2,456,854 quarterly observations due to
the creation of quarters with zero counts.

Equation (16) is estimated with a negative binomial model due to over-dispersion in the count
variance relative to a Poisson model.?> The exposure variable in the count regression equals the
quarterly count of the number of transactions by the insurer in a bond portfolio. The binomial
model estimates the determinants of the proportion of these transactions that are executed with
a particular dealer in a given quarter. The coefficient b estimates the effect of the electronic

venue transactions on trading intensities with each of the insurer’s dealers in his dealer network.

3See Stata Base Reference Manual 16 for a discussion of the two types of count regression models.
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Estimates are reported in Table 6. Model (1) estimates equation (16). Models (2) and
(3) include an interaction term with the number of dealers in the insurer’s dealer network. This
interaction term controls for the fact that insurer-dealer pair level trading intensities may be lower
for insurers with larger dealer networks. Model (3) also includes dummy variables for insurer size
based on its aggregate bond holdings. All three regression models imply that bilateral trading

intensities with dealers decline following the first electronic venue transactions.

3.3.1 Trading intensities and insurer dealer network size

The positive interaction effect with the number of dealers in model (2) implies that the effect of
electronic venue trading is attenuated in dealers with larger dealer networks. To quantify this
effect, I estimate the incidence ratio at the 25th, median and 75th percentiles of dealer network

size. The incidence-rate ratios (IRRs) is,

IRR = exp{b+ ¢ x nb.dealers}

Intuitively, IRR captures the proportion of all transactions in the quarter executed with an
individual dealer.

Incidence ratios are reported in Table 7. Based on Model 1, the baseline IRR is 0.75, implying
that insurers are 25% less likely to trade bilaterally with a given dealer following the insurer’s
first electronic venue transaction (panel A, column 1).

Model (2) allows the effect of electronic venue trading to vary with the number of dealers.
To capture the effect of dealer network size, I set the number of dealers to 6 (25th pct), 13
(median) and 20 (75th pct). Based on Model 2, the IRR is 0.56 when the dealer network size is
6, compared to 0.73 and 0.94 for dealer network sizes of 13 and 20, respectively (panel A, column
2). This result is to be expected if insurers spread out a decrease in voice trading equally across
all dealers in their network. When the dealer network size is large, the effect of electronic trading
on the trading intensity with any given dealer in the network will be proportionally smaller, the
larger the number of dealers. Thus, for example, an insurer with a dealer network of 6 dealers
will trade 27% less with that dealer following the insurer’s first electronic trade. In comparison,

an insurer with a dealer network of 20 dealers will trade 65 less with that dealer following the
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insurer’s first electronic trade.

3.3.2 Trading intensities and dealer size

Trading intensities with larger dealers may be less affected by electronic venue trading. Model
(3) examines this question with an interaction term between Dummy : Post elec and a dummy
variable for large dealers. This variable equals one for all of the insurer-dealer pairs involving a
large dealer, measured by volume. These incidence ratios assume a median sized dealer network.
Based on Model 3, the IRR is 0.76 when the dealer is large, compared with 0.25 when the
dealer is medium or small (panel B, column 3). Trading volumes with smaller dealers decline
proportionally more (75%) after an insurer’s first electronic transaction than large-dealer trading

volumes (24%).

3.3.3 Trading intensities and insurer size

To see whether the effect of electronic venue trading affects trading intensities differently for
smaller insurers, I include insurer size fixed effects and interaction terms in model (4). Large
insurers may be more inclined to consider alternative trading venues if they are more sophisticated
and less dependent on any one dealer. On the other hand, bilateral transaction costs are higher
for smaller trade sizes and smaller insurers may have more to benefit from switching to an
electronic venue. The negative sign on the interaction term between Dummy : Postelec and the
small insurer dummy supports the later hypothesis. The corresponding incidence ratios for small
and medium to large insurers are 0.70 and 0.82, respectively (panel C, column 4). This implies
that small insurers are 30% less likely to trade bilaterally with a dealer after the first electronic
venue transaction compared with an 18% reduction for medium and large insurers. Overall, the
decline in bilateral trading following an insurer’s first electronic transaction is strongest for the

smaller insurers.

4 Conclusion

Critics of the US corporate bond market complain that it is opaque and costly and potentially

unfair to smaller institutional clients. Electronic trading venues promise lower execution costs
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and high liquidity to corporate bond investors at the expense of privacy. Despite this promise,
adoption rates of electronic venue trading in this market have been low. Proposed explanations
for low adoption rates relate to non-trade related services provided by traditional bond dealers,
lack of market depth on the competing electronic venues, and the lack of readily available market
quotations (i.e., poor pre-trade transparency).

I examine this question theoretically and empirically. I consider two extensions to the seminal
paper by DGP on OTC markets: 1) I explicitly model the value of trading relationships, and (2)
add an alternative electronic trading venue. I assume that dealers strategic response to electronic
venue trading is to penalize clients for defecting by charging higher average markups on the voice
venue. This strategy works as long as the market thickness on the electronic venue is not too
“thick”. When market thickness is high enough, clients defect and trade on both venues, which
subsequently reduces dealer markups on the voice venue.

I document empirical support for both predictions. Using regulatory transaction data by
insurance companies that discloses the parties to bond transactions, I find that electronic venue
choice is more likely when electronic-venue market thickness is greater. By analyzing different
insurer-dealer trading pairs, I also find that dealers in a relationship with an insurer charge
lower markups to the insurer once the insurer begins to trade on the electronic venue. The post
electronic trading decline in markups is more pronounced when market thickness is higher and
when the insurer has a larger dealer network. In the last part of the paper, I show that bilateral
trading frequencies decline (as might be expected) once an insurer begins to trade electronically.
The decline is strongest for insurers with small dealer networks, insurers in relationships with
smaller dealers, and smaller insurers.

Overall, this work contributes to our understanding of the tradeoffs involved in choosing to
trade electronically instead of bilaterally. I focus on the tradeoff insurers must make between two
unobserved features, namely the penalty they incur for defecting, and the gains in trading costs
from trading on an electronic venue with sufficient market thickness. My findings suggest that
smaller insurers with fewer dealer relationships have the most to gain from switching venues. The
switch is particularly costly to smaller dealers in insurer-dealer relationships with a switching
insurer. Overall, this work suggests that a fruitful avenue for future research should focus on
dealer’s strategic reaction to electronic venue trading such as non-trade aspects of dealer-client
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relationships.
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Figure 3: Proportion of electronic bond trades by month. Figure 1 reports the monthly frequencies
of trading on an electronic trading venue in US corporate bonds. Electronic trades primarily occur on MarketAxess, but
some also occur on Tradeweb and TMC bonds. Frequencies are based on transaction data reported by insurance companies

to the NAIC, i..e. Schedule D forms part 3, part 4 and part 5.
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Figure 4: Electronic trading by insurer size. Electronic venue trading frequency by insurer size. The
monthly trading frequency on electronic venues is reported by insurer size category. The frequency equals the ratio of the
number of corporate bond transaction on an electronic venue to the total number of transactions in that month, by insurers
in a given size group. Insurers with non-missing bond holdings at the end of the previous quarter are classified into tercile

and labelled accordingly.
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Figure 5: Market thickness by calendar quarter and bond portfolio. Market thickness is
defined as the ratio of the number of unique insurers that trade a bond electronically to the total number of insurers who
trade that bond in a quarter where the bond belongs to a rating class - issue size portfolio times 100. HY indicates a below
investment grade credit rating. IG indicates an investment grade credit rating and UNR indicates the bond is unrated.
Small indicates an issues size less than $500M, medium indicates an issue size between $500M and $1B, and large indicates

an issues size greater than $1B.
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Table 1: Summary statistics. This table reports summary statistics on corporate bond transactions by insurance

companies between January 2014 and December 2021. Transactions are reported to the National Insurance Commissioners

(NAIC). Bond purchaser and bond vendors are manually classified as either investment dealers, insurance companies,

electronic trading platforms or other investment companies (e.g., a mutual fund). Information on bond characteristics,

historical credit rating and amount outstanding are obtained from FISD/MERGENT. Entries involving primary issue

transactions, corporate vents such as redemptions and calls are excluded, as are transactions for which the counterparty is

not identifiable. Trading frequencies, the number of dealers in the client’s network and the market thickness are measured

quarterly. The trading frequency equals the number of insurance company transactions in a quarter divided by the number

of days in the quarter.

Variable mean sd p25 p50 P75 min max N
Markup 9.80 78.37 -6.68 0.00 26.71 -306.84 343.64 1177857
Markup (voice) 9.81 78.41 -6.57 0.00 26.68 -306.84 343.64 1155566
Markup (electronic) 8.87 76.24 -10.89 5.26 27.61 -306.84 343.64 22291
Dummy: Elec. trading 0.02 0.14 0.00 0.00 0.00 0.00 1.00 1177857
Nb. dealers (t-1) 13.69 9.29 6.00 13.00 20.00 0.00 50.00 1177857
Trad. Freq. (t-1) 0.86 1.25 0.13 0.41 1.08 0.01 15.74 1177857
Mkt. thickness (t-1) 6.56 4.10 3.37 6.00 9.65 0.14 16.22 1177857
Dummy: Buy 0.63 0.48 0.00 1.00 1.00 0.00 1.00 1177857
Dummy: Odd lot 0.44 0.50 0.00 0.00 1.00 0.00 1.00 1177857
Dummy: Round lot 0.28 0.45 0.00 0.00 1.00 0.00 1.00 1177857
Dummy: Maximum lot 0.10 0.31 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Investment grade 0.76 0.43 1.00 1.00 1.00 0.00 1.00 1177857
Dummy: High yield 0.11 0.32 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Unrated 0.13 0.34 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Financial 0.24 0.43 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Utility 0.08 0.27 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Last trading day of month 0.04 0.19 0.00 0.00 0.00 0.00 1.00 1177857
Dummmy: Most liquid bond issue 0.43 0.50 0.00 0.00 1.00 0.00 1.00 1177857
Dummy: Monday 0.19 0.39 0.00 0.00 0.00 0.00 1.00 1177857
Dummy: Friday 0.13 0.34 0.00 0.00 0.00 0.00 1.00 1177857
Bondmaturity (days) 3403.2 3039.1 1589.0  2553.0 3659.0 0.0 36615.0 1177857
Bondage (days) 895.0 1217.3 4.0 467.0 1343.0 0.0 22977.0 1177857
Issue size ($M) 1131.2 1055.1 500.0 800.0 1400.0 1.0 15000.0 1177857
Other issue size ($M) 14380.4 20380.3 2050.0 6450.0 16550.0 0.0 119232.9 1177857
AbsRet 0.0141 0.0187  0.0040 0.0089  0.0175 0.0000 0.7459 1040727
Par amount held ($M)(t-1) 2.8 5.9 0.2 0.8 2.8 0.0 172.8 271298
Agg. Amount ($M)(t-1) 5270.4  11673.7 95.5 693.6 4354.5 0.0 199722.1 568821
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Table 2: Markups by venue and bond issue size. This table reports average markups in basis points
on each venue grouped by credit rating and bond issue size. HY designates below investment grade bonds. IG designates
investment grade bonds and UNR designates bonds that are unrated. Small designates bond issue sizes less than $500M,

medium designates issues sizes between $500M and $1B and large designates issue sizes greater than $1B.

Voice Electronic

Portfolio mean(bps) N mean(bps) N
HY (small) 11.7 27,864 19.9 681
HY (med) 11.9 70,906 1.7 1,538
HY (large) 14.4 30,068 -7.0 681
I1G(small) 11.7 135,039 16.0 2,445
IG(med) 8.4 407,469 8.6 7,211
IG (large) 75 333,543 6.4 5,882
UNR(small) 18.1 51,300 14.3 1,503
UNR(med) 14.5 65,339 13.3 1,596
UNR(large) 10.0 34,038 7.1 754
Total 9.8 1,155,566 8.9 22,291
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Table 3: Venue choice regressions. This table reports logit estimates of trading venue choice at the
transaction level from April 2014 to December 2021. Market thickness equals the number of unique insurers trading
on any electronic exchange by the total number of insurers that trade, lagged on quarter. Market thickness is
computed separately for each of the nine issue-size by rating class bond portfolios. All specifications have portfolio

fixed effects. Standard errors clustered by insurers are in parentheses.

All trades With insurer holdings
(1) (2) 3)
Mkt. thickness (t-1) 0.096%** 0.026%** 0.101%**
(0.008) (0.007) (0.007)
Nb. dealers (t-1) 0.036%** 0.037%** 0.040%**
(0.010) (0.010) (0.010)
Log(Trad. Freq. (t-1)) -0.247%%* -0.247%%* -0.302%**
(0.058) (0.054) (0.055)
Dummy: medium insurer 0.077
(0.117)
Dummy: large insurer 0.297**
(0.127)
Dummy: Buy -0.291%** -0.303%%%* -0.503***
(0.071) (0.063) (0.074)
Dummy: Odd lot -0.139 -0.136 -0.187*
(0.100) (0.099) (0.096)
Dummy: Round lot -0.669*** -0.675%** -0.771H**
(0.117) (0.116) (0.129)
Dummy: Maximum lot -1.624%** -1.633%%* -1.843%**
(0.150) (0.147) (0.178)
Dummy: Financial -0.02 -0.013 -0.035
(0.026) (0.025) (0.037)
Dummy: Utility -0.066* -0.078%* -0.094*
(0.034) (0.034) (0.055)
Dummy: Last trading day of month 0.034 0.022 0.124
(0.075) (0.075) (0.106)
Dummmy: Most liquid bond issue -0.202%** -0.196*** -0.157%%*
(0.027) (0.028) (0.043)
Dummy: Monday 0.022 0.017 -0.004
(0.039) (0.036) (0.043)
Dummy: Friday 0.03 0.017 -0.041
(0.052) (0.051) (0.045)
Log(Bondmaturity (days)) -0.209%*** -0.207*** -0.283***
(0.018) (0.018) (0.027)
Log(Bondage (days)) 0.328%** 0.330*** 0.294***
(0.011) (0.012) (0.012)
Log(Other issue size ($M)) -0.022%** -0.025%** -0.017**
(0.007) (0.006) (0.007)
N 1177857 1177857 568821
Pseudo Rsquare 0.10 0.11 0.11
Calendar quarter FE No Yes No
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Table 4: Markup regressions. Markup regressions are reported controlling for dealer-insurer trading relation-
ships. The dependent variable is the markup in basis points on bilateral transactions between dealers and insurers. Dummy:
post elec. pf equals one following the first date at which an insurer trades a bond belonging to one of the nine rating by
issue size portfolios. Standard errors are clustered by bond cusip. Control variables used in Table 3 relating to trade, bond
issue and bond issuers are included but not reported to save on space. Note: 21,011 singleton observations are dropped
from sample in columns (1)-(4), and 92,638 singleton observations are dropped from the sample in column (5). Standard

errors in parentheses are clustered by insurer.

(1) (2) 3) (1) (5)
Dummy: Post elec -0.742%** 0.291 1.082* 1.458** 0.381
(0.274) (0.493) (0.617) (0.642) (0.768)
Mkt. thickness (t-1) -0.121%** -0.051 -0.049 0.022 -0.009
(0.036) (0.043) (0.043) (0.097) (0.120)
Dummy: Post elec X Mkt. thickness(t-1) -0.153%%* -0.156%** -0.136%* -0.114*
(0.056) (0.056) (0.060) (0.068)
Nb. dealers (t-1) -0.029 -0.029 0.000 0.005 0.010
(0.030) (0.030) (0.033) (0.033) (0.036)
Dummy: Post elec X Nb. Dealers (t-1) -0.048* -0.068*** -0.065%*
(0.025) (0.025) (0.029)
Log(Trad. Freq. (t-1)) 0.014 0.012 -0.014 -0.212 -0.120
(0.182) (0.182) (0.183) (0.178) (0.192)
N 1134555 1134555 1134555 1134555 1062928
AdjR2 0.061 0.061 0.061 0.062 0.081
Portfolio FE Yes Yes Yes Yes No
Dealer X insurer FE Yes Yes Yes Yes No
Dealer X insurer X portfolio FE No No No No Yes
Month FE No No No Yes Yes
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Table 5: Economic effects of electronic venue choice on dealer markups. This table reports
the total effect of the various interactions reported in Table 4. Total effects are obtained by combining the raw effect of
Dummy : Post elec reported in Table 4 with interaction terms with respect to market thickness and the nb. dealers from

each of the regression models.

Post elec. pf total effect (bps)

Value () (2) 3) () (5)
Mkt.thickness(t-1)

25th pct 3.4 -0.74 -0.22 -0.07 0.12 -0.85
Median 6.0 -0.74 -0.63 -0.48 -0.24 -1.15
75 pct 9.6 -0.74 -1.18 -1.05 -0.74 -1.56
Difference (75th-25th pct) 0.00 -0.96 -0.98 -0.85 -0.72
Nb dealers(t-1)

25th pct 6 -0.63 -0.14 0.23 -0.69
Median 13 -0.63 -0.48 -0.24 -1.15
75 pct 20 -0.63 -0.81 -0.72 -1.60
Difference (75th-25th pct) 0.00 -0.67 -0.95 -0.91
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Table 6: Trading intensity. This table reports negative binomial model estimates of the quarterly trade count
for each insurer-dealer-portfolio combination. Trading volume is measured at the portfolio level each quarter. Dummy :
Post elec.pf equals one in quarters after the first instance an insurer trades a bond in portfolio j (j = 1,..,9) on an
electronic trading venue. Dealer size is measured according to terciles of dealer volume in the preceding quarter. Insurer
size is based on the size of the insurer’s corporate bond holdings in the previous quarter. Standard errors are clustered

by insurer-dealer-pf combination. The sample includes quarters in which there are zero counts of insurer-dealer-portfolio

transactions.
() (2) (3) (1)
Dummy: Post elec -0.293%** -0.801%** -1.863*** -1.786%**
(0.008) (0.015) (0.084) (0.104)
Nb. dealers (t-1) -0.052%** -0.068%** -0.068*** -0.061%**
(0.001) (0.001) (0.001) (0.001)
Dummy: Post elec X Nb. Dealers (t-1) 0.037*** 0.036*** 0.033%**
(0.001) (0.001) (0.001)
Dummy: large dealer 0.090*** 0.170***
(0.029) (0.036)
Dummy: Post elec X Dummy: large dealer 1.119%%* 1.153%**
(0.078) (0.099)
Dummy: small insurer 0.318%**
(0.010)
Dummy: Post elec X Dummy: small insurer -0.148%**
(0.019)
Log(PFAmountout(t-1)) -0.080%** -0.110%** -0.111%** -0.112%**
(0.016) (0.016) (0.016) (0.022)
Log(PFTradevolume(t-1)) 0.056%** 0.093%** 0.095%** 0.095%**
(0.017) (0.017) (0.017) (0.023)
Dummy: medium insurer -0.113** -0.104**
(0.047) (0.048)
Dummy: large insurer 0.347%** 0.378***
(0.046) (0.047)
Constant -0.998%** -0.842%** -0.582%** -0.860***
(0.061) (0.062) (0.049) (0.066)
Log(alpha) 0.387%** 0.362%** 0.351%** 0.234%**
(0.007) (0.007) (0.008) (0.011)
N 2456854 2456854 2456854 1260819
AdjR2 0.044 0.047 0.049 0.053
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Table 7: Incidence ratios of electronic venue trading on bilateral trading intensities.
This table reports the total effect of the various interactions reported in Table 6. Total effects are obtained by combining
the raw effect of Dummy : Post elec with interaction terms with respect to the nb. dealers, dealer size and insurer size
from each of the regression models. Each of columns (1) - (5) corresponds to a regression model in the previous table.
Each entry in the table reports the incidence ratio (IRR), defined as IRR = exp{b+ ¢ X z} where z represents either dealer

network size (panel A), dealer size (panel B), or insurer size (panel C).

Panel A: Varying the size of the dealer network

Incidence rate ratios

Nb dealers (1) (2) 3) (4)
6 (25th pct) 0.75 0.56 0.19 0.20
13 (median) 0.75 0.73 0.25 0.26
20 (75th pct) 0.75 0.94 0.32 0.32

Panel B: Varying dealer size

Incidence rate ratios

Dealer type (1) (2) 3) (4)
Small or medium 0.75 0.73 0.25 0.26
Large 0.75 0.73 0.76 0.82

Panel C: Varying insurer size

Incidence rate ratios

Insurer type (1) (2) 3) (4)
Small 0.75 0.45 0.76 0.70
Med or large 0.75 0.45 0.76 0.82
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Appendix

First note that the memoryless property of the exponential distribution implies that,

B [e—r('rl—t):| :/ e @D gy,
t
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7T+)\l

The following results on stopping times are derived in Feldhiitter (2012). Using a similar
argument and the fact that the poisson frequency of the minimum of several poisson processes
is the sum of the frequencies,

Ey [e_T(Tl_t)l{T:Tl}] = / / 1(w > u)he” THA@= (4 \))e Aotre)w=0) gy, gy,
t Jt

= /OO )\le—(ﬂrkz)(u—t) /OO()\e + )\U)e_(’\”’\e)(w_t)dwdu
t u

—(AvtAe)(u—t)
= / e~ (rtAD(u—t) / e“dw | du
t —00

= /Oo )\le—(r+>\l)(u—t)6—(>\e+)\v)(u_t)du
t

Al
PN+ A+ A

For stopping time 7 = min{n, 7, 7, } define X := \; + A¢ + A,. Then

28]

(1-9) (1-19)

TN rENF A+ N

Trading on voice venue

Let 7 = Min(m, Ty, 7s) where 75 is the event that the dealer passes all of the surplus to the client
in the event of a transaction, i.e. the dealer transacts the security at the inter-dealer price M.
For clients, having a relationship with a dealer implies periodic access to the inter-dealer market
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with frequency As. The steady state values are given by,

Wo:Et

[ €= pert s e_T(Tl_t)Vhol(TTl)]

+ B [e‘“”‘“(‘fzn + Pya)Lrmry) + e (Vi + M )1(7275)}

Wn = Et
Vho = Et

th = E;

[ o—T(m—t) th}

- Tl
/ Cer(ut)du+er(rlt)wo:|
LJ t

_e—r(n—t)wnl(T:Tl) + e—r(m—t)(vho _ vaok)l(T:Tv)}

a

+ By |7 (Vi = M)y,

Shn = Et

Slo = E;

Prices on the voice

(gAY, — M)l(TzTS)}

(g0 — AVl)l(T:n)}

venue

Define AVy, = Vio — Vi and AV, = V), — V},,. Prices on the voice venue are the result of Nash
bargaining between clients and dealers with bargaining power 6,

Py =M —0(M — AV;) = (1 — 0)M + 0AV; (A1)
w0 — M+ 0(AV, — M) = (1— 0)M + 0AV, (A.2)

Value functions with voice

Taking the expectations above,
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Vi = (C B 5) Vho)\l (‘/ln + Pbi?l)Av (‘/ln + M))‘s
SIS VIS WIS VLI VNI WD VLIRSS VS WS VLS VIS W
AVin
Vip =
! T+ N
C Wo)\l
Vio =
o=y TN
Vi — )\ZWn )\v(Vho—Pffk) (Vho_M))\s
LCED VD WSS VIE = D VITED WNED Y ED VD WIS
O(AV, — M)A,
Shn:
T4+ A+ Ay + As
H(M_AW)AS
Slo:

T4 A+ Ay + As

The associated system of HJB equations is,

™Vio = (C' = 6) + X (Vho = Vio) + Ao (Vin + Pyig — Vi) + As(Vin + M — V)
Vin = N (Vi — Vin)

™Vho = C + XNi(Vio — Vo)

Vi = N (Vin = Vin) + Ao (Vo — Prge — Vi) + As(Vio — M — Vi)

7Shn = AsO(AVy, — M — Spp/60) — (N + Ay)Shn

7S10 = AsO(M — AVy — S16/0) — (M + Ay) So

One can rewrite (A.11) as,

(T‘ + )\Z)Vho =C+ NV,

One can also rewrite (A.12) as,

(r+ A)Vin = ANV + M AVE + XAV, — A, sk — AsM
Subtracting (A.12) from (A.11),

(r+ MN)AVy, = C + NAV — AV (A + A)
+ MNP + As M
(r+ XN)AV, = C + NAV — AV (A + As)
+ A (1 = 0)M + N\0AV), + A M
[r+XN+X01—=0)+X]AV, = NAV =C + [A(1—0) + A M

One can rewrite (A.10) as,

(r + X)Vin, = NV,

One can also rewrite (A.9) as,
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(r+X)Vie = (C = 6) + XNiViho — MpAVI + NPy — AsAV + A M (A.18)
Subtracting (A.17) from (A.9),

(r+ N)AV; = (C = 8) + NAV, — AVIA, + A\ Py
— XAV + A\ M
(r+ M)AV, = (C — §) + NAV, — AVi(A, + As)
+ Ao (1 = )M + N OAV, + \s M
[P+ N+ X1 =0)+ X] AV, = NAV, = (C = 6) + [M(1 —0) + X ] M

Then,
[r+ ] AV, = NAV, = C + YoM
[r + ] AV; — NAV), = (C = 0) + pa M
Shn = H(AVh - M)¢r
Sio = 0(M — AV},
Define

1/}1) = )\v(l _9) +>\5

by = a
Tr N A A
Y =N+
This system has the following representation,
r+; =N\ AV, _ C + YoM (A 19)
N+ AV, C—-o0+v,M ’

Let,

. T+ Y -\
Z_|: -\ T‘+1/Jl:|

The adjoint of X is,

. 7°+¢l )\l
djiy =
e [ Al T+¢z]

The determinant of X is,

dety = (r + wl)Q — /\l2

So the inverse of X is,
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Multiplying both sides of (A.19) by 7! gives,
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AV, (CHypuM) (r+¢)é
(r+ii=XN)  (r+di=X)(r++N)

The interdealer price is M = qAVj, + (1 —q)AV, for some ge€0, 1] and is set between the high
and low type reservation values (i.e., ¢ = 1/2),

M:M
_ (CHpM) (r+ 1+ N\)o
(r+vi=XN)  2(r+v = N)(r+ v+ N)
B (C+ M) 1)

Tt —N) 20— N)
(r+ivr—AN)M=C+¢Y,M —6/2
C—5/2

r

M =

Substituting these expressions into equations (3) and (4) gives,

Py = (1— 0)M + AV

_ A =0)(r+ 1) + 0] M 03 (r + )
T+ 1y (r+ = A)(r + b+ A)
N 6C
T4+ — N
_ M4 0(C —rM) 05(r + 1)

r+r—N (r+Yi =)+ Ui+ N)

and,
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e = (1 —0)M + 0AV},

(A= 0)(r+ 1) + 09 ] M 05,
T+ Yy (r 4= X)(r + i+ N)
L C
T+ — A
s fC—rM) 05\,

e Y R N G )
Note that if the inter-dealer price is set halfway between the bid and the ask,

Py + P

M = ask
2
6(C — M) 05(r + 1+ \))
M =M+ —
4+ — N\ 2(T+wl—)\l)(T+¢l+Al)
CNC-rM) @
T+ =N 2(r+r—N)
rM=C—-4§/2

The bid-ask spread is,

vo _ puo _ 95(’]” + ¢l - )\l)
ask = 2bid T e o — M) (P A
06
(r+vr+X\)
06

(r+2N + X(1 = 0) + As)
Noting that 1, = 1; — A;, the values of the trading relationship are given by,

AV, — M)A,
gvo 9( Vh ))‘

hn = N F A+ A,
:¢9|:(0+va) o A6 . (T+¢v)
Tllrvi=N) (Y =N+ i+ N (r+r—X\)
g [6(C—rM) O\
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vo  O(M — AV,
O N+ A+ A

_ {w+wwM’_<C+ww@<+ (r+u)d }
Tt hi=N) (rrdi=N) (U= N+ )
_ ¥ [H(TM—C) O(r +41)d ]
(r+vi—=N) (r+db =N+ +XN)
wT(M szd)

As(M = Bjg)
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Summing,

vo _ Ur O(r 41— N)o
e (r4+vr—N)(r+¢+N) (A.20)
wo_ __ Wnb0
R T (A.21)
As 05

= A.22
(r+ XN+ X+ ) (r+ X1 —0) + As +2X)) ( )

Regression estimates of the value of the trading relationship

Define the half-spread as H"® = 0.5(Py9, — Py9). Re-arranging equation,

ask

As(Bpa, — Piia)

vo ask
(r+ X+ X+ As)
vo 2\ HY°
C(r N A+ A
S”UO
AN+ A+ A = Hv°
(r+ M+ A + )2>\
HY = (r+ X+ X+ Xs)

2\
vo S’UO SUO
HY = <2AS) (r+X) + <2)\5> (Ao + As)
vo SUO(T + )\l) S’UO SUO
Hvo — (m )+<2A5)As+(%)%

The regression counterpart to this relation is then,

HY =a-+blg +ch, +u

where u is an error term that is independent of A; and the trading frequency Av. Given a
regression estimate b an estimate of the value of the relationship is given by 2\ b.
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Trading on voice and electronic venues

I assume that dealers penalize clients who trade on the alternative electronic venue. The penalty
is finite and so avoids unrealistic “grim trigger” type strategies whereby a client would be shut-out
of the voice channel in perpetuity. Instead, lo and hn type clients temporarily lose access to the

inter-dealer market for )% periods in expectation. The steady-state values are given by,

Vie = Ey / (C - 5)€—r(u—t)du + B_T(Tl_t)VhO]-(T:n) + e_T(Ts_t) (Wn + M)]‘(T’Ts):|
t

+ Ey [e_r(%_t)(v}n + P — S}%)l(’r:n) + e_T(TU_t)(Vln + szid)l(r:m)]

‘/ln = Et —eiT(Tlit)th]

- -
Vi = F; / Ce "y + e "=y,
LJ ¢

Vi = B |e 7OV 1y + e 0D (V= Py — SN )1(T:Te)}
+ By [e_T(T“_t)(Vho — Pl 1(rer) + " (Vo — M)]-(T:Ts):|

SN = E, —e*”(”*t)Shn}

SN = g 'e—“”—ﬂslg}

Shn = By e DO(AV;, — M)l(T:TS)}

Sio = Ey -e_r(TS_t)a(M - AVl)l(TZTs)]

The assumed trigger strategy is that the client who trades electronically temporarily loses
access to the inter-dealer market whenever they switch type from a In to a hn type or from a
ho to a lo type in the future. Such a strategy requires coordination by all dealers in the client’s
network starting from time 7; until the client’s next transaction. It also requires knowledge by
all N dealers in the client’s network that the client traded on an electronic venue. The former
requirement is a strong assumption, the latter is weaker as RF(Q quotes are advertised to everyone
participating on the electronic platform.

Prices on the electronic venue

I assume that clients have the following beliefs about the participation of dealers on the electronic
venue. Suppose that p is the proportion of total dealers n who participate on the electronic
trading venue, i.e., the “thickness of the market”. Clients know p but do not know which dealers
participate on the electronic venue. Instead, clients observe a noisy signal of whether dealer ¢
participates on the electronic platform (o = 1) or not (¢ = 0). The clients beliefs are such that
a client wanting to trade with put in a request or not on the electronic venue with probability
P(client request|oc = 1) = P(client norequest|c = 0) = ¢. Clients believe that any given dealer
will respond to a quote request with probability p, where
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o op
o+ (1—0)(1—p)
I assume that dealers employ a mixed pricing strategy on the electronic venue and that prices
on this electronic venue are given by,

Pepig=M —x(M — AV)) = (1 —x)M + AV (A.23)
Peoge = M + 2(AV) — M) = (1 — 2)M + 2AV), (A.24)

where z is a random variable.
Proposition A1l: Given total dealers m across both venues and electronic market thickness
i, the random variable x is positive, has CDF F(x;m,u,7) = 1=(=memi=?

above by 1 and below by (1 — 7)™*~1L.

Proof: The proof follows Glebkin, Yueshen, and Shen (2023), Proposition S3 of their Internet
Appendix. Let F(x) be the CDF of 2. The probability of a given dealer ¢ who asks zof winning
an auction on the electronic venue given n other dealers is,

- and is bounded

Pr(Win) = [(1 — ) + (1 — F(z))]""
=[1—xF(x)]""

Dealer ¢ must be indifferent between asking = 1 and any other value of x. Since his expected
profit when z = 1 is [1 — ]~ (AV},, — M),

[1—aF @) 2 (AV, — M) =[1 —a]" 1 (AV}, — M)
1—aF(@)" te=[1—-a""
[1—7F(z)] =/ = [1 - 7]
1—nF(z) = (1 —m)z /0
1—(1—m)a V0D =7 — F(z)
1—

_ g l/n-1)

Setting F'(x) = 0,the lower bound is given by,

Similarly, setting = 1 implies that F'(z) = 1.
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The next proposition characterizes the winning ask price on the electronic venue.

Proposition A2: The winning ask and bid prices in an auction on the electronic venue are
given by P€usp = M+ X (AVy, — M) and Peig=M — X (M — AV;) where X has the cumulative
distribution function G(z;m, 7, 1),

1—(1- ﬁ)m“x%
1—(1—m)ms

G(z;n,m,u) =
The expectation of X is,

mp(1 — )™
1—(1—m)mu

E(X|N >=1)=

Proof:

The proof follows Glebkin, Yueshen, and Shen (2023), Proposition S3 and Section 2 of Kran-
ton (1996). Given N of n dealers participate in an auction on the electronic venue, the probability
that the minimum ask price X across N dealers is less than x is,

PrX <=z|N)=1-[1-F(z)"

Using Bayes Rule, the probability that the minimum price is less than X given N >= 1
dealers participate in the auction is,

Pr X <=z& N >=1)
Pr(N >=1)

Pri X <=z|N>=1)=

where Pr(N >=1) =1 — (1 — m)". The numerator of the above expression has a binomial
expression,

Pr(X<=z&N>=1)=)» Pr(N=j)Pr(X<=z|N =)

- jno ( . >7Tj(1 — )" — }no ( . )Tra'u — ) (W— 1+(1 —;r):cl/("”)j

j
n ' _ 1D TV
=1- < n ) (1—m)"d <7r [F 1+ -mae ]) by the Binomial Thm.

s

=1- [1 —r4+r—1+(1- 77)33_1/(”_1)} " by the Binomial Thm.
(

It follows that,
51



1-— (1777)7%%
1—(1—=m)n

PriX<=z|N>=1)=

The density g(x)is,

d
g(w|N>:1):%G(1:|N>:1)

d (1—(1—x)gnrt
:dm< 1—(1—m)m )
() (0 (7))
CHE (e

n—1
1—(1—m)n

Define,

_a-m ()

H —
1-(1—mn
1-2n
v n—1
Taking the expectation of X,
1
E[X| N >= 1]:/ zg(z|: N >=1)dx
(1—m)n—1
1
= M Hdx
(1—m)n—1
_ H:Ew+2|1
T w2 @
H H
_ _ 1— (n—l)(w+2))
+2 w+20 )

Y
- El(ﬂ;n) () (=) (-5)

Let n = mu, where m is the total number of dealers across both voice and electronic venues
and g is the thickness on the electronic venue. Denote the expectation a(u) := E(X| N >=

_\ympu—1
Lim,m,n) = % Expected bid and ask prices on the electronic venue are then given
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by PS5, = (1 —a)M + oAV, and P, = (1 — o) M + aAVj,.

a

Value functions with electronic and voice

Taking the expectations above,

Vi = (C —9) N Vol (Vin + Pgia — Spn)Ae
PN F M F NN TENFXF AN F A TENF A F A+ A
FANF e+ + A THNF e+ Ay + As
AtVin
Vln_?“—i—)\l
C ‘/lo)\l
Vho:r+)\l+r+)\l
Vign = AtVin Ae(VhO*P;skfsl]X)
PN F A F AN A TENF A F A A
L (Vi — Py (Vio = M)A,
FHNFde+A+ A THNAF e+ Ao + A
oV _ Al O(AV}, — M)A
P N) (P + A4 de + Ao+ As)
N Al O(M — AV s

SV =
O N) (P N+ e+ Ao + A

Summing,

O(AV), — AV AN
(r+ )+ X4 Ae + Ap + As)
N O(AV, — AV) A\
SN F N A+ A+ A)

N N
Shn + Slo =

The associated system of HJB equations is,

Vi = (C = 6) + M(Vio — Vio) + Ae(Vin + Pia — Sty — Vi)
+ X (Vin + Pyig — Vio) + As(Vip + M — V)

™Vin = X (Vin — Vin)

"™Vho = C + N(Vio — Vho)

Vi = N(Vin = Vi) + Ae(Vio — Py — SN — Vi)
+ )\v(Vho - :sk - th) + )‘S(Vho - M — th)

Define

W
(r+X) (r+ X+ e+ X+ A)
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(A.25)
(A.26)
(A.27)
(A.28)
(A.29)
(A.30)
(A.31)

(A.32)



One can rewrite (A.36) as,

(r+A)Vho = C+ AV (A.39)

One can also rewrite (A.37) as,

(T + X)) Vi = MVin + (Mo + Ae + X)) AVl — APCy — APl — AeSY — A M (A.40)

ask —

Subtracting (A.37) from (A.36),

(r+XN)AV, = C + NAV, — AV, (Ay + A + A)
+ APl + NPl + XSY + A M
(r+XN)AV, = C 4+ NAV — AV (A + Ae + As) + AePrgse
+ Ao(1 = )M + N OAV}, + XS + A\ M
[P+ X+ e + X + A (1= 0)] AV}, = NAV; = C + A(1 — )M 4+ APy 4 AeSY + A M
[+ N4 X+ X1 —0) + Xe(1 — Q)] AV, = C + [M(1 — 0) + Ae(1 — @) + A M
—NAV 4 (M — AV))
[+ X4 A A1 = 0) + Ae(1 — )] AV, = C + [M(1 — 0) + Ae(1 — @) + Xs + 0] M
—(\ = ¥s) AV,

One can rewrite (A.35) as,

(T + /\l)Vln = AN Vin (A.41)

One can also rewrite (A.33) as,

(1 4+ X)Vio = (C = 0) + A\iVho — (Ao £ Ae + X)) AV, + APy + Mo Py — AeShv + XM (A.42)

Subtracting (A.35) from (A.33),

(r+ M)AV, = (C = 6) + NAV, — AVi(Ay + Xe + As)
+ A Plg+ MPhy — AeSN + A\ M
(r+XN)AV, = (C = 6) + NAV, — AVi(Ay + Xe + As)
F APEg + Ao (1= O)M + X 0AV, — AShy, + As M
[P+ X+ s+ de + M (1= )] AV, — NAV, = (C = 8) 4+ A(1 — )M + NPy — AeSY + A\ M
[P+ N+A+ A1 —=0)+ A1 —a)]AV, = (C = 8) + M1 —0) + Ae(1 — ) + A\ | M
—NAV, — s (AVy — M)
[ 4 X+ s + Xo(1 = 0) + Ae(1 — )] AV = (C = 8) + [Mo(1 — 0) + Ae(1 — @) + As + 1hs] M
— (N — Ys) AV,

Then,
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[7’ + "lﬂ] AVy — (/\l %)AV C+ (% + 1/15)
[T + w] AV, — ( ws)AVh - ( ) (wa + ws)
AeShn = (AVy — M),
AeSto = (M — AV

where

Yo = Ao(1 — 0) + Al — a) + A

e = AN As Al
(r+X)(r+ X+ Ae+ Ay + As)
=N+ Ya

This system has the following representation,

(Z\zw%) _(?l;;/}S) } { i‘V/IZ } - [ CCJ(; (f@;: f@j\)fM } (A.43)

Let,

E=|: T+¢ _(Al_ws)]
_(/\l - ws) r+ ¢
The adjoint of X is,

o [ r+v (=)
“djz_[(Az—ws> g }

The determinant of X is,

detS = (r+ )% — (N — ¥)?

So the inverse of X is,

S S 1 T+ (N =)
= GV = [(r+ )2 — (A — ¥s)?] [ (N—1s) T4 ]

Multiplying both sides of (A.43) by ©~! gives,

[AVh]: 1 r4 4 (Az—ws)H C + (Yo + s) M ]
AV, [(r+9)2 =N =) [ M=) r+v C — 64 (Yo + ) M
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AV, ]
AV | T

r+ A —
o2 —(n—0s)°  (rt)2— (2\)1 03)2 ] [ C+ (Yo +vs) M }

e roneE | L O 0t (et ) M

i (T+¢)(C+(wa+¢s)M)+(>\l ¢s)(c 5+(¢o¢+'¢s)M)
(

(r+9)2— (N —vs 82
M=) (C+(Watips) M)+ (r+w) C—6+(Ya+bs) M)
L (r+)2—(N—¢s)?

[ (7‘+¢7ws+)\l)(C+(wa+'¢'s)M)7()‘lfws)5 ]

— (r++4ps =) (r+9—1s+A;)
(r+9—s + M) (CH(Pa+1s) M) —(r+4)d
L (r+p+abs =) (r+p—1bs+Ar)

A (C+(wa+ws)M) _ ()‘l_'@l}s)(S

Vi | _ | 0N e A) -Gt )

AV, (C+(Watvs)M) (r+)é
(r+y+ihs—Np) (r+y+s—X\) (r+v—s+X;)

Noting that ¢, = ¥ — A; and substituting these expressions into equations (3) and (4) gives,

Pli=(1-60)M + 0AV,
_ (1= 0)(r + Yo +1s) + 0 (Yo + ¥s)] M

7“"7/}&"‘7/}5
- 05(r + 1) N 0C
(r+o+vs—XN)r+v—vs+XN) r+v+is—XN
0(C—rM) 00(r + 1)

T+ t+s (T F+ s —N)(r+Y—vs+N)

and,

ask = (1 — 9)M + 0AV,
(0= )+ Yo+ ) + 0 (W + ) M

T+ o + Vs
B 05( N — s) N 0C
(T+w+ws_)‘l)<r+¢_¢s+>\l) T+w+¢s_)\l
0(C —rM) 05 (N — 1bs)

ISR OIS SIS S ¥ | (AR W

Prices on the electronic venue can be recovered similarly implying,

. a(C—rM) ad(r + 1)
sz‘d—M+r+¢a+¢s (r+v+vs—=AN)(r+v—vs+XN)
e o, alC—rM) ad(N = 1)
ask — T+ Yo + Vs (r—|—'¢)—|—ws—)\l)(7"+w_¢s+)\l>

The interdealer price is M = gAV}, + (1 —¢)AV for some g€[0, 1] and is set between the high
and low type reservation values (i.e., ¢ = 1/2),
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AV, +AY,

M
2
_(C+(wa+¢s)M)_ (7”+?/)+>\l—1/)s)5
(T+¢+¢s*>\1) 2(r+w+¢s*)‘l)(r+w*¢s+)\l)
(C+ (o +9s) M) 0

(T+¢+¢s*>\1) 2(T+w+¢s*)\l)
(r+¢a+¢s)M:C+<wa+ws)M_5/2
C—6/2

r

M =

Spreads by venue

Noting that r + ¢ =7+ XN+ o =7+ X + A(1 — 0) + Ae(1 — ) + A5, the bid-ask spreads on
each venue are,

AR » (- 05(r+w_)‘l+¢s)
ask PO (rph by — N)(r 0 — s+ N)
B 05
IR YL
0o

20+ (1= 0) + Ae(1 — ) + As — g
e _ pe. _ 05(7’+¢—>\l+¢s)
ask T (r b = N) (T H Y — s+ N)
ad
T+ —1s+ N

ad
P20+ A (1 —60) + Ae(1 — ) + As — s

So for spreads to be smaller on the electronic venue, it must be that,

a <6
np(1 = myet
1—(1—m)m

Value of trading relationships

Substituting into the expressions for S, and Sy, and noting that r 4+ ¢ + s — A\ = r + 1 + Vs,
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O(AV), — M)A\

Shn:(r+)\l)(r+)\l+)\v+)\s+)\e)
b {<C+<wa+ws>M> B (A — 1) e+ )
O 7+ o+ s (r+9 4+ = N)(r+¢ —vs + N) (r + Yo + 1s)
o ws [Q(C_TM) N 9()‘l_'¢}s)(s
_9>\e T+ Yo + Vs (T+¢+ws_/\l)(r+¢_¢s+)\l)
— (Pl M)
_ AiAs(Prg, — M)
M)A At Ao+ A)
Likewise,
6 O(M — AV) AN
T M) A Ao F A+ Ac)
[ Ot lbar i), (7 + )0 o gt vt )
O e T+ Yo + s (7"+w+ws_/\l)(r+¢_¢s+>\l) (r+¢a+¢s)
s |:9(T’M—C) O(r+1)d
_0)‘6 T+ Yo + Vs (r+¢+¢s_)‘l)(r+¢_7/)s+)\l)
— FE(M - Pi)

MNAs(M — PE)
(r+ )+ X+ Xe + Ay + As)

So the value of the trading relationships can be measured based on observed prices and
frequencies on trade on each venue. Summing Sy, and Sj, and defining the half spread H =
Poge =M =M — By = 0.5X:(Pry, — FPiia),

AiAs (Bya — Bria)
(r+X)r+ XN+ Xe+ X+ As)
2N A H
= 2 (A.44)
(7"—1—)\1)(7“—1-)\1 +Ae + Ap + Ag)

Shn + Slo =

Alternatively,

Vs 9(7“+1/)+¢s—>\z)5

e (r+1 + s — N)(r +1 — s + X))

Y d

T (rHY — Y5+ )

B AN \s )

TN PN F A A A) (Y — s+ )

S =
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Venue Choice

This section details the proof to Proposition 1.
Clients who are of type hn prefer to trade exclusively over the voice venue as long as,

TVUO > Tth
/\l(Vl:)zO - V}%}) + )‘U(V}fg - ask V ) > >‘l(Vln - th) + )‘e(Vho - ask Slo th)
FAs (Vg = M = Vi) + Xo(Vio — Pogre = Van) + As(Vho — M — Vi)

A (Vin” = Vi) + )‘vAVh = M Pag > N(Vin = Vi) + XAV = APl + AsAV),
FNAV — AM 4 AAVh — AP, — AM — A SN
A (Vi = Vi) = (Vin = Vin )] > Ae(AVi — Pgp.) — (M — AVp)ihs
+(Av + A)(AVR? = AVy) = A (Pagr, — Pask)
AV = Vin) = (Vi = Vi)l > Ao (BPage — Pas) — AePagy — (M — AV))ts
HOuANAV? — AVR) < XAV
A Vi’ = Vin) = (Vi = Van)] > Ae (AVi = Pog) + Ao(Pag — Posi)
+(A + A)(AVL = AVy) + (M — AV))es

Likewise, clients who are type lo prefer to purchase exclusively over the voice venue whenever,

Vel > rVi,
(C = 8)+ M(Viy = Vis?) + A (Vi + P = Vie?) > (C = 8) + M(Vio = Vio) + Ae(Vin + Piig — S, — Vio)
FAs(Vi + M = Vig®) 4+ A (Vin + Brig = Vio) + As(Vin + M = Vo)
N(Vi2 = Vo) — M AV + XN Py > Ni(Vie — Vi) — M AV + APy — AsAV + A M
XAV 4 A M — A AV, 4+ APy — AeSH,
A (Vi = Vio?) = (Vho = Vio)] = (Ao + As)(AV” = AV)) > Ae(Pig — AVY) — (AV, — M)ths
+Ao(Pyig — Pyig)
A (Vhe = Vio) = (Vie? = Vio)] > AePrig — Ao (Pyig — Pria) — (AVh — M)y,
— (A + A) AV = AV)) + AAV,
AL (Vo = Vio) = (Vi” = Vio)l > Ae (Pyig — AVI) + Av(Pyig — Frig)

lo

_()‘v + AS)(AVEM - AW) + (Avh - M)¢s

Adding both inequalities,

AN [AV = AV, 4+ AV — AVl > A (AV), — PS4+ Prg — AV)
+(Ao + As) (AVR? — AV, — AV + AV)) + s (AVy — AV)) + Xy (Pogk — Pase + Pria — Pyia)
(Ao + As + M) [AVR? = AV > (Mg + As + A+ Ae — 5) [AV, — AV
= e (Pagk, — Pria) + Mo [(Pagi — Poig) — (Posi — Pia)]
(v + As + A) [AV? = AV > A [(Pogk — Pria) — (Pask, — Pria)]
— (Ao +As + AN+ Ae — 9s) [AV — AV = Ae (Pog, — Pria)
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Noting that,

() Vo (T_‘_w)d
AVY? — AVYO =
" : (r+ = N)(r + i+ N)
B VL)
(r+ = X)(r + b+ N)
1)
IREXIESY
and,
B B (r+)o
AVh AW_(T+¢+¢s—>\z)(7“+¢—ws+)\z)
_ ()‘l_ws)é
(7”+?/)+¢s—>\z)(7“+¢—ws+)\z)
1)
T rY— s+ N
We have,

(Ao +As + ) [AVE? = AV > A (P — Fria) — (Pasi = Fria)]
]

— (Ao +As F A+ e —5) [AVE — AV — Ae (Pl — Piia) (A.45)
(o + Xs + N)6 05 05
T+ N U<r+1/1l+>\l_r+1/)—¢s+)\l>
(>\v+)\s+>\l+>\6_ws)5 ad
a r+Y—s+ N - e<r+w—ws+Az>
Ol + As T A) = Auf] 8 (s + A+ e — e = Mo — Aea)
T+ Y+ N T+ — s+ N
[(Ay + As + X)) — A0 - (Ao +As A+ Ae — Vs — Al — Ae)
r4+Ur+ N r4+— s+ N
Ao(1—0) + As + A\ Ao+ As F N+ Ae — s — Al — Aev)

A4
7420+ A (1 —6) + A 7’—|—2)\l—|—)\v(1—9)—|—)\5—|—)\€(1—a)—¢S( 6)

When both sides are equal, clients are indifferent between trading exclusively on the voice
venue and trading on both the voice and electronic venues. This equality implicitly defines a

threshold market thickness p* under which there is no incentive for clients to participate on the
voice venue.

Define,

(I =0) F A+ A
20+ A (1 —0) + )

Then setting equation (A.46) to zero implicitly defines a value o,
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(/\v‘i‘)\s‘f'/\l‘i‘)\e_ws _)\ve_)\ea*)

K
4270 4+ Ap(1—0) + As + Ae(1 — ) — s

K(r+2X 4 A(1 = 0) + Ag + Ao(
K [/\e(l - a*) - ¢s] - [)‘ (

K Pe(1— %) — ] — Pe(1 — %) — ¥h] = Ao(1 = 0) + As + A1) — (Ao(1 = 0) + A + A)
[Ae(

(K —1)
Ae(1—a™) =1
AsAe A0

Ae(1 ) =

( ° <T+Al)(r+)‘l+Av+)\s)

(-t = AN

S (r N (PN A A FAS)
af=1-— Ashib (A.47)

(r4+X)(r+ X+ A+ As)

So clients will avoid the electronic venues whenever o > «o* . Define the following functions
a(p) and m(u),

np(l —m(p)" !
1— (1 —m(p)m

¢
op+ (1= )1 - p)

Relation (A.47) can be re-written in terms of p* by taking the inverse of the function a(u),

a(p;r,n, @) =

(1) =

= aa") (A.48)

Because « is decreasing in u, clients will avoid the electronic venue whenever p < p*, i.e.,
whenever market thickness is below a threshold value given by equation (A.48). The trading
threshold is independent of the frequency of trade (\¢) on the electronic venue.

Figure A.1 plots the market thickness threshold p* as a function of the clients trading fre-
quency A; for different values of As. The greater the relationship intensity, the higher the market

thickness threshold as the penalty for defection is higher.
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Figure A.1: Market thickness thresholds and client trading frequencies.

This figure depicts the market thickness threshold p* as a function of the client’s trading frequency A; for different
values of the dealer-client relationship intensity As. All other parameters are set as: r = 0.01,0 = 0.85,\, =
0.20,m = 10, ¢ = 0.55.

Figure A.2 plots the value of this threshold for different parameter values. In regions below
the line, clients avoid trading on the electronic venue. As shown, the voice-only region is larger,
the larger the relationship intensity Ags. This is intuitive: clients are less likely to trade on
the voice venue the more they can trade at inter-dealer prices. The voice-only region initially
expands as the frequency of liquidity shocks JA; increases, but then shrinks as this frequency
becomes larger and larger. The voice-only region also shrinks the larger the number of dealers.
The voice only region also shrinks as the quality of the signal ¢ about dealers’ propensity to
participate on the electronic venue increases.

Counterintuitively, the voice only region expands, the greater dealer bargaining power. The
reason is that for these clients, having intermittent access to the inter-dealer market through
their relationship with the dealer implies a high trading relationship value. These clients are
loath to jeopardize this relationship by putting their dealer in competition with other dealers in
an auction on the electronic venue.
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Figure A.2: Market thickness thresholds.

This figure reports the market thickness threshold p* above which clients will trade on both the electronic and

voice venues. The baseline parameters correspond to r = 0.01,0 = 0.85, \; = 0.175, A\; = 0.20, A\, = 0.20,n =

10, ¢ = 0.55.

Impact of introduction of electronic trading on spreads in the voice venue

This section offers a proof of the corollary to Proposition 1. The proof is as follows.

Note that,
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And the bid-ask spread,

. . 06
ash =TT L 2N+ A(1— 0) + A + Ae(1— ) — ¥y

Comparing with the voice only venue,

06

vo _ puvo _
ask U L oN + M(1— 0) + s

So the bid-ask spread on the voice venue narrows subsequent to the introduction of the
electronic venue as long as,

Ae(l—a) —1s >0

Ae(1— ) > s
1—3%2>a

B A0
(r+ M) (r+ X+ Xe + Xy + Ag)

>

Setting both sides equal implicitly defines threshold above which the half spread on the voice
venue falls subsequent to the introduction of electronic trading with thickness pu > u(@), where

- DYRW
—1_ A49
“ (- A0) (7 + A Ae + Ao + As) (4.49)
That is, (A.49) can be re-written in terms of fi by taking the inverse of the function a(u),

f=p(@) = a"'(a). (A.50)

Regression model with two venues

Define the half-spread as H = 0.5(P,sk — Pyiq). Re-arranging equation (A.44),
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The regression counterpart to this relation is then,

H=a+b\s+che+d\, +u

where u is an error term that is independent of A and the trading frequencies A¢, A,.

Alternative trigger strategy

An alternative trigger strategy, would be for the client to be excluded from the inter-dealer
market in perpetuity. For example, with such a grim trigger strategy,

Vio= e | [ (€= 0 Dt 77 Wiy e 0(M, 4 M)lmj
LSt

+E [e""(“_” (V™ + Piiq = Sa)Lr=ryy + €77 (Vi + Pé%d)l(T:n)}
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Vio = Ey / Ce "Wy + e~y

ask

Vin = Ei e (- )Vln Lr—r) + €_T(Te_t)(vifgim - b )1(7':7'5)}
+ Ey [ —r(Ty— t)(Vho - ask)]-(‘r:'rv) + e_T(Ts—t)(VhO — M)l(T:TS)}
where,
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However, such a strategy does not seem plausible nor enforceable, as it would require coor-
dination in perpetuity among all of the dealers in the client’s network.
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