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Abstract. We document a pecking order of transaction costs in the interdealer market for 
German sovereign bonds, where three trading protocols coexist. Dealers can trade over the 
counter (OTC), either bilaterally or via brokers, as well as on an exchange. Trading on the 
exchange is more expensive than OTC, and broker-intermediated trades are more costly 
than bilateral OTC trades. The existence of an OTC discount is difficult to square with theo
ries centered around search-and-bargaining frictions but is in line with models of hybrid 
markets based on information frictions. Consistently, we show that dealers’ information 
impacts their choice of trading protocol and that the pecking order of transaction costs is 
aligned with the informational content of order flows across protocols. Search and bargain
ing as well as information proxies explain differences in OTC discount within protocols. A 
realistic description of hybrid markets thus requires both types of frictions.
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1. Introduction
Most fixed-income and derivative instruments trade in 
over-the-counter (OTC) markets. Participants in these 
markets search for counterparties and negotiate prices 
that reflect their relative bargaining positions. Instead, 
in some asset classes, dealers trade with one another on 
electronic central limit order books provided by 
exchange platforms. In contrast to OTC markets, 
search-and-bargaining frictions are irrelevant on the 
exchange where all participants can immediately trade 
at the same prices. In practice, OTC and exchange plat
forms often coexist as hybrid markets.

The dealer-to-dealer (D2D) segment of the market for 
German sovereign bonds (Bunds) is a case in point. We 
document that the vast majority of OTC Bund trades 
have lower transaction costs than those implied by 
exchange quotes, thus giving rise to a pervasive OTC 
discount. A substantial share of these OTC transactions 

is intermediated by interdealer brokers. Distinguishing 
between bilaterally negotiated and broker-intermediated 
OTC trades, we show that the latter features a consider
ably lower OTC discount. We thus observe a pecking 
order of transaction costs; exchange trading is more 
expensive than via brokers, and broker-intermediated 
trades are more costly than bilateral OTC trades.

These findings are difficult to square with theories 
that exclusively focus on search-and-bargaining fric
tions. If search was the only friction, then traders with 
access to an exchange should not have a reason to trade 
bilaterally. That said, the existence of a hybrid market 
and our finding of an OTC discount are consistent with 
theories emphasizing the role of asymmetric informa
tion, which gives rise to adverse selection. In line with 
this view, we document that dealers’ choice of trading 
protocol is driven by variables measuring the private 
and market-wide information that they have access to. 
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Moreover, we show that the pecking order of transac
tion costs is aligned with the informational content 
of order flows across protocols for Bund returns. 
Finally, our results imply that the observed variation of 
transaction costs within OTC protocols is driven by 
information as well as search-and-bargaining frictions. 
Combined, our analysis suggests that a realistic 
description of hybrid markets requires both types of 
frictions. This is relevant given recent efforts to regulate 
OTC markets more tightly and to foster exchange- 
based trading.

In the interdealer Bund market, dealers trade with 
each other using three different protocols: via the inter
dealer exchange MTS (Mercato Telematico dei titoli di 
Stato), via interdealer brokers, and through bilateral 
negotiations. Trading on the exchange is immediate 
and post-trade transparent. As such, it eliminates 
search-and-bargaining frictions but can also reveal pri
vate information because all market participants instan
taneously observe the price and volume of each trade. 
In contrast, for bilateral and broker-intermediated OTC 
transactions, only the involved counterparties observe 
a trade. In bilateral OTC transactions, dealers search for 
counterparties and therefore, know their identities. 
Instead, when they trade via a broker, this search effort 
is undertaken by the broker, and counterparties remain 
anonymous to one another. For each trade, dealers can 
thus choose between three protocols, which differ with 
respect to anonymity, transparency, and immediacy. 
Hence, their trading decisions depend on the relative 
importance of search-and-bargaining frictions as well 
as information frictions across protocols. What the pres
ence of these frictions implies for the ranking of transac
tion costs is an empirical question.

The D2D Bund market represents an ideal laboratory 
to study this question. We combine a unique regulatory 
data set that comprises all trades involving at least one 
financial institution regulated in Germany with the full 
limit order book on MTS. This allows us to compute 
our main quantity of interest, OTC discount, which 
measures the transaction cost advantage of an OTC 
trade with respect to the potential execution of the 
same trade on the exchange at the same time.1 We find 
that 87% of interdealer transactions execute at a lower 
transaction cost than the one attainable on MTS. More
over, there is a sizable difference between the OTC dis
counts of bilateral and broker-intermediated OTC 
trades. Although bilateral OTC trades on average fea
ture 54.6% lower transaction costs relative to exchange 
quotes, broker trades are on average only 24.6% 
cheaper. This pecking order of transaction costs is 
highly economically significant in light of an annual 
trading volume of about 1.6 trillion Euro in the inter
dealer Bund market.

More than three quarters of interdealer trading vol
ume in the Bund market is intermediated by brokers. 

Why do dealers rely so heavily on brokers despite 
the higher transaction costs relative to bilateral OTC 
trades? Moreover, why do dealers trade on the 
exchange, even though it is more costly than in the OTC 
protocols? We study both questions by modeling deal
ers’ protocol choice at the level of individual trades and 
rely on several proxies of information and search-and- 
bargaining frictions as explanatory variables. We find 
that both types of frictions are relevant for dealers’ pro
tocol choice. More informed trades are more likely rou
ted via the exchange. Similarly, more informed OTC 
transactions are often intermediated by a broker. 
Finally, we also show that proxies for search frictions 
influence dealers’ protocol choice. Combined, these 
results highlight the complementary roles that the three 
protocols provide.

We document that dealers’ individual trading deci
sions are also reflected in the informational content of 
aggregate order flows across protocols. Regressing 
bond returns on the lagged order flows from all three 
protocols, we show that the order flows from both the 
exchange and broker trading predict bond returns a 
few days out and that this effect is more pronounced 
for the exchange. We find no predictability for the flow 
from bilateral interdealer trades. Crucially, this is con
sistent with the observed pecking order and our finding 
that more informed trades are more likely routed via 
the exchange or a broker.

To assess the relative importance of search-and- 
bargaining and information frictions in determining 
transaction costs within protocols, we estimate a 
transaction-level regression of OTC discount on proxies 
of both types of frictions. Importantly, our results 
account for the potential endogeneity arising from the 
joint determination of the choice of trading protocol 
and pricing decisions. We find that more informed 
OTC trades receive significantly lower discounts. More
over, dealers with more bargaining power receive 
higher discounts, suggesting that both types of frictions 
are quantitatively important drivers of OTC discount. 
Although our analysis is focused on the D2D segment, 
we also show that there is significant pass-through of 
OTC discount from the D2D to the dealer-to-customer 
(D2C) market segment.

Our paper contributes to several strands of the litera
ture. There is a long-standing interest in the functioning 
of OTC markets. Theories of such markets focus on 
search-and-bargaining frictions to explain pricing dif
ferences (e.g., Duffie et al. 2005, 2007). The empirical lit
erature has confirmed the relevance of these frictions: 
for example, with regard to dealer network structure 
(Li and Schürhoff 2019) and systematic changes in yield 
spreads (Friewald and Nagler 2019). Therefore, it is a 
widely held view that exchange markets feature lower 
transaction costs than OTC markets if considered sepa
rately (Edwards et al. 2007, Bessembinder et al. 2020).
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This view has been challenged, however, by Glode 
and Opp (2020). These authors compare OTC and 
exchange markets in a model with endogenous infor
mation acquisition. They find that OTC markets can 
improve allocative efficiency by providing dealers 
incentives to acquire expertise. On the other hand, it 
can also reduce welfare when this expertise is exploited 
for adverse selection. In this case, competitive limit 
order markets tend to dominate.

Although Glode and Opp (2020) consider OTC and 
limit order markets separately, there are studies that 
analyze these protocols jointly in a hybrid setting, 
where information frictions are commonly at the center 
(e.g., Seppi 1990, Lee and Wang 2025).2 A key feature of 
Seppi (1990) is that in OTC protocols, dealers know the 
identity of their counterparties, whereas market orders 
on the exchange are anonymous. In this model, equilib
ria arise where market participants always trade OTC 
when they are uninformed and at least partially on the 
exchange when they are informed. Lee and Wang 
(2025) extend this theory to investigate the welfare 
implications of restricting OTC trading in a hybrid mar
ket. In their model, dealers in the OTC protocol price 
discriminate between traders who are either likely 
informed or likely uninformed. A key testable hypothe
sis is that “the exchange spread is strictly wider than 
the OTC spread.”3 Consistent with this prediction, we 
find that OTC transaction costs for Bunds are lower 
than on the exchange. Because brokers provide a higher 
degree of anonymity than bilateral OTC trading, this 
prediction might also apply to our finding that transac
tion costs via brokers are higher than in the bilateral 
OTC protocol.

Some prior work relates information to order flows 
(e.g., Seppi 1990, Grossman 1992). In Grossman (1992), 
dealers in upstairs (OTC) and downstairs (limit order) 
markets receive information from their respective 
expressed order flows. In addition, dealers’ or brokers’ 
knowledge of unexpressed order flow in the upstairs 
OTC market allows them to provide better trading 
conditions over the counter than on the exchange. 
Relatedly, the model of Seppi (1990) predicts that unin
formed traders trade only OTC, whereas informed tra
ders either trade only on the exchange or use mixed 
strategies. As a result, the order flow from the exchange 
should be more informative than the OTC order flow. 
Consistently, we find that in the interdealer Bund mar
ket, aggregate order flows from the exchange and from 
broker trades each carry predictive information about 
future returns, whereas we do not find such a result for 
the aggregate order flow from bilateral OTC trades.4

Relevant information can also be about the identity 
of traders. Meling (2021) investigates the role of post- 
trade anonymity on market quality. He shows that the 
introduction of post-trade anonymity on the Oslo stock 
exchange increased trading volume and improved 

bid-ask spreads. This is in line with our results, which 
also point to the relevance of anonymity for trading 
decisions. Specifically, we find that dealers frequently 
forego some OTC discount to trade via brokers who 
provide anonymity.

Another key friction that has been identified in the lit
erature is immediacy. Menkveld et al. (2017) observe 
that volatility shocks shift market shares between dark 
and lit venues along a pecking order of transaction 
costs. They present a simple model where the transac
tion cost differences are explained by varying degrees 
of immediacy. We complement their analysis by show
ing that the three trading protocols for which we docu
ment a pecking order of transaction cost differ not only 
in terms of immediacy but also, along the additional 
dimensions of transparency and anonymity. The 
exchange provides anonymity as well as the highest 
degree of immediacy and therefore, features higher 
transaction costs than the OTC protocols. Relative to 
bilateral OTC trading, brokers provide a higher degree 
of anonymity and potentially also immediacy, and 
thus, they have higher transaction costs, in line with 
theories based on information frictions. Indeed, we 
show that both exchange and broker order flows are 
informative about future returns.

Several papers have empirically studied pricing and 
protocol choice in hybrid markets in different asset clas
ses. Barclay et al. (2006) analyze the choice between 
electronic and voice brokerage for U.S. Treasuries that 
go off-the-run, and Hendershott and Madhavan (2015) 
study U.S. corporate bonds trading both OTC and on a 
request-for-quote (RFQ) platform. More recently, Allen 
and Wittwer (2023) study traders’ venue choice in the 
Canadian sovereign bond market and analyze the wel
fare implications of modifications to the hybrid market 
setting. Investigating the market for index CDS (Credit 
Default Swap), Riggs et al. (2020) focus on the strategic 
choices of dealers and customers in trading via RFQ 
or request-for-streaming protocols, whereas Collin- 
Dufresne et al. (2020) report that in the interdealer seg
ment, low-cost, low-immediacy protocols are preferred 
to trading on a limit order book. Studying the introduc
tion of OTC trading to the Chinese interbank FX (foreign 
exchange) market, Holden et al. (2021) provide evidence 
for the role of bargaining power by comparing the aggre
gate price functions of small and large banks. A key 
advantage of our analysis is that we can directly com
pare the transaction costs for exchange and OTC trading 
as well as measure the relevant frictions at the transac
tion level. Relatedly, a number of papers have analyzed 
alternative protocols for equities, such as upstairs mar
kets (e.g., Bessembinder and Venkataraman 2004).

We also contribute to the literature on the role of bro
kers as intermediaries. In the equity market, Barbon 
et al. (2019) and Di Maggio et al. (2019) document that 
brokers leak private information from informative 
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trades to their institutional clients, whereas Han et al. 
(2024) argue that brokers help facilitate liquidity provi
sion. In the U.S. Treasury market, Anderson and Liu 
(2024) show that brokerage platforms help dealers man
age their interest rate risk. We document that brokers 
also play a key role in the Bund market as they represent 
the most actively used interdealer trading protocol. In 
particular, dealers benefit from the anonymity and facili
tation of large orders provided by brokers. Brokers are 
not unique to the Bund market but are also an integral 
part of other interdealer fixed-income markets, such as 
U.S. Treasuries (Copeland et al. 2018), UK Gilts (Holland 
2002), and Canadian sovereign bonds (Berger-Soucy 
et al. 2018). Our results thus highlight that understand
ing the role of brokers is crucial for modeling the micro
structure of sovereign debt markets.

In sum, our findings point to a gap in the theoretical 
literature on OTC and exchange markets. A realistic 
description of the prevalent market structure should 
consider the coexistence of more than two different 
trading protocols and especially, the important role of 
interdealer brokers. Moreover, it should account for 
both information and search-and-bargaining frictions 
in a unified framework.

The remainder of this paper proceeds as follows. Sec
tion 2 describes the Bund market and the features of the 
three trading protocols as well as our data set. Section 3
introduces our main quantity of interest, OTC discount, 
and establishes a pecking order of transaction costs across 
protocols. In Section 4, we relate dealers’ protocol choice 
to proxies of information and search-and-bargaining fric
tions. We also show that the pecking order is consistent 
with the informational content of order flows across pro
tocols. In Section 5, we study the role of both types of fric
tions in driving differences of OTC discount within 
trading protocols. Section 6 concludes.

2. The Bund Market
German sovereign debt securities enjoy benchmark sta
tus in the euro area and worldwide as a liquid and safe 
asset. Secondary market trading occurs among dealers 
and between dealers and customers. We refer to these 
as the interdealer (D2D) segment and the D2C segment 
of the market, respectively. In this paper, we focus on 
the D2D segment, which features a hybrid market 
structure with three distinct trading protocols: the inter
dealer exchange MTS, over-the-counter transactions 
intermediated by interdealer brokers, and bilateral 
OTC transactions. In this section, we describe the mar
ket structure of the three protocols and highlight their 
properties in terms of transparency and anonymity.5

2.1. Trading Protocols and Market Structure
2.1.1. Exchange. The first option for Bund dealers to 
trade is via an exchange. The main exchange platform 

with a significant market share is the MTS interdealer 
exchange, which is operated as a fully electronic limit 
order book market. Dealers actively quote executable 
limit orders on MTS, and the depth on both the bid and 
ask sides of the book is typically in excess of 100 million 
Euro for most bonds, whereas the minimum trade size 
is 2.5 million Euro. Subscription services, such as 
Bloomberg, disseminate MTS prices and volumes at the 
best bid and ask levels in real time. Hence, this informa
tion is also available to non-MTS dealers. Similarly, all 
trading activity on the exchange is observed by all mar
ket participants in an anonymized way. Hence, MTS 
provides both pretrade transparency (about trading 
conditions) and post-trade transparency (about exe
cuted trades). After a trade occurs, the identity of the 
counterparties is revealed only to the two involved 
dealers for the purpose of settlement. This protocol, 
therefore, provides anonymity pretrade and post-trade 
from noninvolved parties.

2.1.2. Bilateral. Dealers trade directly with one another 
in bilateral over-the-counter negotiations. This protocol 
represents the classical OTC trading protocol studied in 
most of the literature on OTC bond markets. Bilateral 
OTC trading is neither pretrade transparent nor post- 
trade transparent (trades are observed by the counterpar
ties but not by other market participants). In these bilateral 
trades, both involved dealers are aware of the identity of 
their counterparty (i.e., bilateral trades are not anonymous 
for the counterparties involved). Other market partici
pants do not observe any information about the trade.

2.1.3. Interdealer Brokers. Dealers can also trade with 
one another via interdealer brokers. In this case, the 
initiating dealer communicates the trade request to a 
broker, who then undertakes to find a suitable counter
party and earns a fee. According to conversations with 
market participants, broker trades in the Bund market 
are still commonly done by voice. Just as bilateral OTC 
trades, broker trades are not transparent and unob
served by other market participants.6 Crucially, brokers 
follow a “matched principal” protocol. This implies that 
the broker acts as a counterparty to both sides of the 
trade without taking inventory and that the identities of 
counterparties are not revealed to each other, even after 
the trade is settled.7 This protocol, therefore, also pro
vides anonymity both pre- and post-trade because the 
broker masks the identity of the other counterparty.

In what follows, we refer to bilateral and broker 
trades jointly as OTC trades in contrast to exchange 
trades on MTS.

Table 1 summarizes the transparency and anonymity 
features of the three protocols. The main differences 
between the three protocols are as follows. First, 
exchange trading is pre- and post-trade transparent, 
whereas OTC trades are not and thus, are unobserved 
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by other market participants. Second, in bilateral trades, 
dealers are aware of each others’ identity, whereas the 
involved counterparties are anonymous in broker- 
intermediated trades. On the exchange, the identities of 
the counterparties are only revealed post-trade to the 
involved dealers for settlement purposes. Third, trading 
on the exchange is immediate, whereas both OTC proto
cols include search-and-bargaining processes.

Importantly, all three trading protocols are simulta
neously available to dealers, and in our sample, dealers 
rely on all of them. The fact that all three protocols are 
regularly used suggests that they offer complementary 
features to dealers for different trades. Of note, this 
hybrid structure is not unique to the interdealer Bund 
market but is similar to that of other European sover
eign bond markets, such as those for sovereign debt 
issued by France and the United Kingdom. In the U.S. 
Treasury market (Fleming 1997, Fleming and Remo
lona 1999, Mizrach and Neely 2009), the order book of 
the BrokerTec platform assumes a role similar to that of 
MTS in the euro area. Interestingly, this market struc
ture differs from that studied in most theoretical mod
els, which to the best of our knowledge, do not consider 
all three protocols jointly.

2.2. Data
We focus on German sovereign bonds with maturities 
of 2, 5, 10, and 30 years, which we jointly refer to as 
Bunds. Reissuances are common for Bunds, and on-the- 
run effects are much less important than for U.S. Trea
suries. We, therefore, include both on-the-run and off- 
the-run bonds in our analysis.

Our study is based on a unique regulatory transactions 
data set of all Bund trades involving at least one German 
financial institution from June 2011 to December 2017. 
Importantly, this trade repository includes interdealer 
trades from all three market segments in addition to bilat
eral D2C trades. The transactions data are based on 
reporting requirements of German financial institutions 
to the German Federal Financial Supervisory Authority 
(Bundesanstalt für Finanzdienstleistungsaufsicht, popu
larly known as “BaFin”). They contain information on 
the price, size, time, and direction of each trade as well as 
a flag indicating whether a trade was over the counter or 
the platform in which the trade was executed. The data 
set also includes anonymous identifiers for the reporting 
agent and the counterparty of a trade. We match these 
data with the full limit order book data from MTS.

Table 2 describes the trading activity covered by our 
sample and the subsamples relevant for our analysis in 
terms of number of trades, aggregate trading activity, 
trade size, and market share by type of trading proto
col. Our full sample contains over 500,000 trades across 
116 German federal bonds and 402 reporting institu
tions, corresponding to a total nominal volume of 
almost 3.4 trillion Euro (labeled “full sample”). A sur
vey by the German finance agency among Bund Issues 
Auction Group members pegs daily trading volume in 
the secondary market at more than 17 billion Euro. Our 
sample captures about 11% of this trading activity.

For about 210,000 of these trades (corresponding to a 
volume of roughly 1.5 trillion Euro), we are able to 
identify both initiator and counterparty (labeled “Init. 
& counterp. ID known” in Table 2).8 We classify the 
involved parties as either dealers or customers based 
on their access to the interdealer exchange MTS. 
According to this classification, we observe about 
47,500 interdealer trades between MTS dealers (labeled 
“D2D”). For trades on its platform, MTS imposes a 2.5 
million Euro minimum trade size. To ensure compara
bility with the OTC segment of the market, we limit our 
sample to the set of trades above that threshold. These 
roughly 22,000 interdealer trades (by 34 dealers and via 
six interdealer brokers) represent more than 95% of the 
overall interdealer trading volume. About 2,200 inter
dealer trades take place on MTS (labeled “D2D via 
MTS,” corresponding to 3.7% of overall observed inter
dealer volume), whereas there are about 6,800 OTC 
transactions resulting from bilateral negotiations 
(“D2D via bilateral OTC,” corresponding to 18.4% of 
interdealer volume). The by far largest share of inter
dealer trading is done via brokers (“D2D via broker”) 
in terms of both the number of trades (about 13,300) 
and overall volume (77.9%).9 The average nominal 
trade size in the interdealer segment is lowest on MTS 
(7.9 million Euro), somewhat larger (12.7 million Euro) 
in bilateral OTC transactions, and considerably larger 
(27.6 million Euro) in broker-intermediated trades.

Table 1. Comparison of Trading Characteristics Across 
Protocols

Exchange

OTC

Bilateral Broker

Transparency
Pretrade Yes No No
Post-trade Yes No No

Anonymity
Pretrade

All participants Yes Yes Yes
Involved counterparties Yes No Yes

Post-trade
All participants Yes Yes Yes
Involved counterparties No No Yes

Immediacy Yes No No

Notes. This table summarizes the characteristics of the trading 
protocols used in the interdealer Bund market. Pre-trade transparency 
refers to the observability of trading conditions before a trade takes 
place (e.g., through the dissemination of order book information). 
Post-trade transparency implies the disclosure of information on 
trades after a trade took place. We refer to anonymity when 
counterparties of the transaction or other market participants do not 
observe the identity of the participants involved in the transaction. 
Immediacy implies fast and certain execution of trades.

de Roure et al.: OTC Discount 
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3. OTC Discount in the Bund 
Interdealer Market

In this section, we document that transaction costs in 
the interdealer Bund market are on average lower for 
OTC trades compared with contemporaneous quotes 
on the exchange. Moreover, bilateral OTC trades are 
cheaper than those intermediated via brokers. In Sec
tion 3.1, we define our measure of transaction cost dif
ferential, which we label “OTC discount.” In Section 
3.2, we provide descriptive statistics about the transac
tion cost measure across trading protocols. Section 3.3
then confirms this result based on a matched sample of 
bilateral and broker-intermediated trades.

3.1. Definition
We measure the transaction cost of OTC trades relative 
to those on the exchange protocol of the interdealer 
Bund market. In doing so, we make use of the full limit 
order book of MTS and compare the transaction costs of 
OTC trades with the contemporaneous trading condi
tions on the exchange. Our quantity of interest is the 
premium or discount that OTC trades pay or receive 
with respect to bid and ask quotes on MTS when initiat
ing a trade. We define the OTC discount as the difference 
between the price that a trade would have incurred on 
the exchange and the observed price of an OTC trade. 
We measure OTC discount as a fraction of the hypo
thetical transaction cost on the exchange. Formally, 
OTC discount is defined as

OTC discount � priceMTS � priceobserved, OTC

priceMTS � pricemid , (1) 

where priceMTS is a reference price that the same trade 
would have incurred on MTS at the same time.10 The 
denominator in Equation (1) is equal to the quoted half- 
spread on MTS.

Figure 1 illustrates the trade sign identification and 
calculation of OTC discount. A positive OTC discount 
implies that executing a trade over the counter is 
cheaper for the initiator than trading on the exchange. 
Trades at the midprice correspond to 100% OTC dis
count, the upper bound, whereas buys at the MTS ask 
price and sells at the MTS bid price have 0% OTC dis
count; that is, the OTC trade occurred at the same price 
as on the exchange. When OTC discount is negative 
(i.e., when it would have been cheaper to trade on MTS 
instead of OTC), we refer to this as an OTC premium.

As the reference price, we choose the quoted price at 
the respective best level of the limit order book (i.e., 
priceMTS is the best ask (bid) price for buyer-initiated 
(seller-initiated) trades). Hence, we disregard that 
larger trades would also have to execute against quotes 
at deeper levels of the limit order book (known as 
“walking up the book”). We do so for several reasons. 
First, large trades are rare on MTS, and the price at the Ta
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e 
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best provides a better benchmark for OTC trades than an 
“effective” price. Second, in choosing the quoted price at 
the best as priceMTS, our measurement for OTC discount 
is conservative (i.e., smaller) with respect to a price that 
takes into account the depth of the order book.

Given that the market share of exchange transactions 
is substantially lower than that of OTC trading, one 
might worry about the use of exchange quotes as a ref
erence. However, market share is endogenous to trad
ing conditions, and all else equal, dealers will generally 
gravitate to cheaper protocols. A better indicator of the 
potential capacity of the exchange to facilitate trading is 
the depth of the order book. We find that 98% of all 
OTC transactions could take place on the MTS order 
book at the moment of the trade. Moreover, notwith
standing the smaller market share, all limit orders on 
MTS are executable. MTS bid and ask quotes are thus 
an appropriate reference price.

3.2. Properties of OTC Discount
Table 3 shows the descriptive statistics of OTC discount 
for the same subsamples of OTC trades as those dis
cussed above. Both mean and median of OTC discount 
are positive across all considered subsamples, and we 
reject the null hypothesis that the average OTC dis
count is zero at the 0.01% significance level using a sim
ple t-test. For interdealer trades with a size of at least 2.5 
million Euro (“trade size ≥2.5 million Euro”), the aver
age OTC discount equals 34.7%. This implies that deal
ers pay on average just about two thirds of the quoted 
MTS bid-ask spread when trading among each other 
over the counter. The median OTC discount is even 
larger at 61.6%, and the trade at the 95th percentile 

receives a discount of 96%. Less than 16% of D2D trades 
above 2.5 million Euro incur an OTC premium.

The existence of an OTC discount implies that it is 
typically cheaper for dealers to execute Bund transac
tions in the over-the-counter market. The difference in 
transaction costs between OTC and exchange trades is 
not only highly statistically significant but also, eco
nomically meaningful. A simple back-of-the-envelope 
calculation suggests that an OTC discount of 35% 
implies a daily cost advantage of about 2.4 million Euro 
(600 million Euro annually) from trading OTC rather 
than on the exchange.11

In Online Appendix C, we show that these results are 
robust with respect to alternative definitions of OTC dis
count. First, we explicitly account for the effects of large 
trades walking up the book (i.e., priceMTS is no longer the 
price at the best but the actual price that would result for a 
trade of a given size given the current depth of the limit 
order book). Second, in order to relate to yields instead of 
transaction costs, we consider an alternative definition 
of OTC discount where we normalize by price instead of 
transaction cost (i.e., the denominator in Equation (1) 
becomes pricemid). Both alternative definitions equally give 
rise to a pervasive and economically large OTC discount.

3.3. Difference in OTC Discount Across Protocols
The results documented in the previous section mask 
sizable differences in the distribution of OTC discount 
between bilateral and broker OTC trades. As shown in 
Table 3, bilateral OTC trades (“D2D via bilateral OTC”) 
receive a considerably larger average discount of 54.6% 
as opposed to 24.6% for brokered trades (“D2D via 
broker”). Bilateral trades also have a lower share of 
trades with an OTC premium: 6.9% compared with 
20.4% for trades via brokers.

Figure 2 shows the histogram of OTC discount for 
interdealer trades with a minimum size of at least 2.5 mil
lion Euro, where panel (a) refers to bilaterally negotiated 
trades and panel (b) is based on transactions via brokers. 
Both subsets feature a distribution that is heavily tilted 
toward positive values of OTC discount (i.e., in the major
ity of cases, trading over the counter is cheaper than on 
the exchange). Moreover, bilateral OTC trades clearly fea
ture more mass on large positive values of OTC discount 
than broker trades. In summary, a pecking order of aver
age transaction costs emerges; bilateral is cheaper than 
broker-based OTC trading, and both are cheaper than 
transactions on the exchange. This is surprising given 
that 78% of the transaction volume in the D2D segment is 
executed via brokers, implying that dealers prefer to 
route the majority of their transactions through a more 
expensive protocol.

Of course, the OTC discount differential between 
bilateral and broker-intermediated trades could be 
because of systematic differences in trade characteris
tics between the two protocols. For example, as 

Figure 1. (Color online) Trade Sign and OTC Discount 

Notes. We classify OTC trades above (below) the quoted midprice on 
MTS as buyer-(seller-) initiated. For a buyer-initiated trade, OTC dis
count is the price difference between the quoted best ask price on 
MTS and the observed price of the trade measured as a fraction of the 
MTS half-spread: that is, the difference between the best ask and the 
midprice. For a seller-initiated trade, OTC discount is, symmetrically, 
the normalized difference between the observed price of the trade 
and the quoted best bid. By this definition, a positive OTC discount 
implies that executing a trade over the counter is cheaper for the initi
ator than trading on the exchange. We identify an OTC premium, 
where OTC discount is negative: that is, when trading on MTS would 
have been cheaper. Trades at the midprice have 100% OTC discount, 
whereas buys at the MTS ask price and sells at the MTS bid price 
have 0% OTC discount, that is, the OTC trade presented no price 
improvement over MTS.
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documented above, broker trades are often larger in 
volume than bilateral ones. To fully establish the peck
ing order of transaction costs, we consider similar 
trades that were carried out via different trading proto
cols. Specifically, we construct a matched sample that 
pairs bilaterally negotiated trades with similar broker 
transactions using nearest neighbor propensity score 
matching.12 We then estimate the following equation:

OTC discount n � α1broker + b′vn + εn, (2) 

where 1broker indicates a dummy variable that assumes 
the value of one for broker trades and where vn denotes 
a rich vector of trade-level characteristics. We further 
include both bond and dealer fixed effects.

Table 4 shows the results. The main finding is that 
broker-facilitated trades feature an OTC discount that 
is about 20 percentage points lower than for bilaterally 
negotiated trades in the matched sample. Although this 
is somewhat smaller than the difference shown in the 
summary statistics above, it highlights that broker 
trades receive a substantially lower OTC discount than 
similar bilaterally negotiated trades, controlling for a 
host of potential confounding factors.

4. Information, Protocol Choice, and 
OTC Discount

Our analysis thus far has established a pecking order of 
transaction costs in the interdealer Bund market. Trades 
on the exchange are more expensive than OTC trades. 
Among OTC trades, bilateral trades have lower transac
tion costs than broker-intermediated OTC trades. These 
findings are difficult to rationalize with theories relying 
on search-and-bargaining frictions in OTC markets. 
First, if such frictions were the main driver of transac
tion costs, then the exchange protocol, where they are 
absent, should be the cheapest. Second, as search costs 
are arguably lower for broker-intermediated trades 
than bilateral OTC trades, they should feature a higher, 
not a lower, discount.

Both of these findings can be explained, however, 
by information motives. Liquidity providers on the 
exchange might charge a wider spread to protect them
selves from being adversely selected by more informed 
traders. Similarly, dealers providing liquidity via bro
kers may request wider spreads because the broker pro
tocol conceals the identity of the counterparty, who 
may be more informed. This section provides empirical 
evidence supporting this view.

We start by documenting that dealers’ choice of trad
ing protocol is often driven by variables measuring the 
information content of a given trade. We then show 
that the pecking order of transaction costs is aligned 
with the informational content of order flows across 
protocols for predicting Bund returns.Ta
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4.1. Protocol Choice in the Interdealer Segment
In the interdealer Bund market, dealers face the choice 
between three trading protocols: exchange, bilateral, or 
via a broker. We model this choice as a sequential deci
sion. First, we consider the choice between trading on the 
exchange or OTC.13 To this end, we estimate a probit 
model where the dependent variable equals one for over- 
the-counter trades and zero for trades on MTS. Condi
tional on a trade not being executed on the exchange, we 
then estimate a second probit model where the depen
dent variable equals one for trades via a broker and zero 

otherwise (i.e., bilaterally negotiated OTC transactions). 
In both models, the probability to route a trade via a 
specific protocol depends on a set of proxies for informa
tion and search-and-bargaining frictions that we detail 
next.14

4.1.1. Measuring Information and Search-and-Bargaining 
Frictions. We now motivate our choice of regressors to 
capture the potential drivers of protocol choice. Vari
able definitions take the point of view of the trader initi
ating the transaction.

Figure 2. Histogram of OTC Discount 
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Notes. OTC discount is defined in Equation (1) in Section 3.1. For a buyer-initiated trade, OTC discount is the price difference between the quoted 
best ask price on MTS and the observed price of the trade measured as a fraction of the MTS half-spread: that is, the difference between the best 
ask and the midprice. For a seller-initiated trade, OTC discount is, symmetrically, the normalized difference between the observed price of the 
trade and the quoted best bid. A positive OTC discount implies that executing a trade over the counter is cheaper for the initiator than trading on 
the exchange. OTC discount is bounded from above to be 100% at most. The figure shows the distribution of OTC discount based on interdealer 
trades of nominal size of at least 2.5 million Euro. Panel (a) refers to bilateral OTC trades, and panel (b) refers to trades via a broker. This figure is 
based on regulatory data of all transactions in Bunds involving German financial institutions from June 2011 through December 2017. 
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4.1.1.1. Information Frictions. In Seppi (1990), equi
libria emerge where liquidity traders prefer to trade 
large blocks over the counter, whereas informed traders 
may also split up an order into a series of smaller trades. 

We create a dummy variable, Order Splitting, that takes 
the value of one when a trade is the result of order split
ting and zero otherwise. We identify order splitting 
when a dealer has multiple trades of the same bond in 
the same direction (buy or sell) with at most 48 hours 
between two transactions and without any offset
ting trades.

Our second variable measuring information is based 
on the time elapsed since a dealer last traded the same 
security and is similar in spirit to the one used by Bran
caccio et al. (2020). The idea is that dealers have more 
current information about securities that they have 
traded recently. More precisely, Informedness is defined 
as the negative of the logarithm of the time since a 
dealer last traded the same bond.15

Information is often revealed via order flow. Czech 
et al. (2021) show that the order flow by hedge funds 
and mutual funds predicts bond returns in the UK Gilt 
market, and Ranaldo and Somogyi (2021) present simi
lar findings for the FX market. These results are consis
tent with Grossman (1992), in which information need 
not necessarily be about fundamental value but can also 
refer to expressed and unexpressed order flow. We use 
two proxy variables that indicate the direction of orders 
in the market. Aggregate Order Flow captures for each 
trade the net order flow of all preceding OTC trades on 
the same day, including customer trades, in all Bunds. 
Order Book Imbalance measures the contemporaneous 
imbalance between the best three levels on both sides of 
the limit order book of the same Bund. Both variables 
are defined as positive for trades in the direction of the 
market. We associate trading in the same direction as 
the market with a higher degree of information.

In line with information-based theories of hybrid 
markets, our hypothesis is that more informed transac
tions are routed via the exchange instead of OTC. More
over, because the broker protocol provides anonymity, 
we expect that among all OTC transactions, trades with 
higher information content are more likely to be broker 
intermediated.

4.1.1.2. Search-and-Bargaining Frictions. Search-based 
models of over-the-counter markets identify bargaining 
power as the crucial driver of OTC transaction costs. 
They predict that dealers with more bargaining power 
face lower transaction costs (Duffie et al. 2005, 2007; 
Duffie 2012). According to these theories, dealers will 
transact in the cheapest protocol. On the exchange, 
dealers do not face search costs and cannot exercise bar
gaining power.

Dealers’ inventory is a key factor in trading and pric
ing decisions (e.g., Stoll 1978, Amihud and Mendelson 
1980). Inventory requires balance sheet capacity (Dick- 
Nielsen and Rossi 2019, Goldstein and Hotchkiss 2020, 
Colliard et al. 2021). Dealers with large inventory are 
more likely to be constrained and hence, in a worse 

Table 4. Differences in OTC Discount Across Interdealer 
Protocols

(1) (2)

Trade via broker (dummy) �20.2928*** �18.9691***
(�6.0892) (�4.9009)

Price impact (15 min) �0.9012
(�1.5610)

Order splitting (dummy) �2.5828
(�1.0046)

Informedness �0.2375
(�0.2830)

Aggregate order flow �0.8898
(�1.0172)

Order book imbalance 0.2541
(0.5530)

Inventory �0.1927
(�0.1543)

Volatility �12.8433***
(�7.0713)

Trade size (log) �1.5569
(�0.4594)

Intercept 55.2786*** 55.1914***
(33.1345) (26.3025)

R2 0.1223 0.1907
R2

adjusted 0.0987 0.1657
R2

within 0.0400 0.1148
N 4,317 4,317
Bond FE Yes Yes
Dealer FE Yes Yes
Controls No Yes

Notes. Ordinary Least Squares estimation of OTC discountn � b′vn+
εn (see Equation (2) and Section 3.3). The dependent variable, OTC 
discount, defined in Equation (1) in Section 3.1 is the difference 
between the price that a trade would have incurred on the exchange 
and the observed price of an OTC trade. We measure OTC discount as 
a fraction of the hypothetical transaction cost on the exchange. vn is a 
vector of trade and bond characteristics. It contains a dummy variable 
indicating whether an interdealer trade was via a broker and variables 
representing search-and-bargaining and information frictions as well 
as control variables, including fixed effects (FEs) for bond and 
initiating dealer. Control variables include MTS half-spread, depth at 
the MTS best, dummy variable for issuance days, dummy variable for 
cheapest-to-deliver securities, dummy variable for securities with on 
the run, bond age, and dummy variable for end-of-quarter days or 
end-of-year days. The sample consists of bilateral and broker OTC 
interdealer trades that are matched along the dimensions of trade size, 
MTS (half-)spread, date, bond, and initiating dealer among others. 
Further details of the matching process are described in Section 3.3. 
The minimum trade size is 2.5 million Euro in all specifications. This 
table is based on regulatory data of all transactions in Bunds involving 
German financial institutions from June 2011 through December 2017. 
Standard errors are clustered at bond, dealer, and daily time level. 
t-values are given in parentheses.

***Significance at the 1% level.
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bargaining position. We measure a dealer’s Inventory as 
her net imbalance over all Bunds on the same day prior 
to the trade divided by her average daily trading vol
ume. The variable is signed so that it is positive for 
trades increasing a dealer’s net inventory position in 
absolute value. Search costs amplify inventory risk on 
volatile days, which reduces dealers’ bargaining power. 
We measure Volatility as the intraday price volatility of 
each bond on MTS. In line with the theories based on 
search and bargaining, we expect the probability to 
trade OTC to depend negatively on both Inventory and 
Volatility.

Previous studies have identified the dealer network 
structure and trading relations as important factors for 
pricing in OTC markets (e.g., Di Maggio et al. 2017, Li 
and Schürhoff 2019, Hendershott et al. 2020). Unfortu
nately, we only observe trades involving German finan
cial institutions and are thus unable to reconstruct the 
full network structure of interdealer trades. Therefore, 
we use each dealer’s overall trading volume (Dealer Vol
ume) as an indirect measure of network centrality (cf. 
Nikolova et al. 2020) and by extension, bargaining 
power. Our hypothesis is that dealers with a higher 
overall trading volume are more likely to trade OTC.

Duffie et al. (2005) argue that access to outside 
options increases dealers’ bargaining power. In the 
Bund market, dealers have the outside option to trade 
on the exchange. Because larger trades become increas
ingly expensive on MTS, this outside option vanishes 
with increasing Trade Size. Therefore, we expect larger 
trades to be less likely done via MTS. Moreover, as 
search costs are likely higher for larger trades and as 
brokers alleviate search costs, the probability to route 
an OTC trade via a broker should also increase in trade 
size.

Online Appendix E provides detailed definitions of 
all proxy variables as well as control variables in Table 
A.8 and their descriptive statistics in Table A.9.

4.1.2. Choice Between Exchange and OTC. We study 
dealers’ choice between using the exchange or going 
OTC via the following probit model:

Pr(OTCn |vI, n) � Φ(g
′
I vI, n), (3) 

where Φ is the standard normal cumulative distribu
tion function and vI, n is a vector of trade-level proxies 
for search-and-bargaining and information frictions as 
well as control variables.

To account for potential nonlinearities with respect 
to trade size, we employ dummy variables for trades of 
10–30 million Euro and for trades larger than 30 million 
Euro. The baseline hence consists of trades for 2.5–10 
million Euro. In addition, Round Trade Size is a dummy 
variable that equals one for trades with a nominal 
amount of exactly 2.5, 5, or 10 million Euro, which are 
typical trade sizes on MTS, and zero otherwise. 

Controls is a vector of further control variables that cap
ture bond-specific liquidity and bond characteristics.16

Throughout our analysis, all regressors except for 
dummy variables have been standardized to have a 
mean of zero and unit variance.

Specifically, we have

γ′I ωI, n � γ0 + γ1Order Splittingn + γ2Informednessn

+ γ3Aggregate Order Flown

+ γ4Order Book Imbalancen + γ5Inventoryn

+ γ6Volatilityn + γ7Dealer Volumen

+ γ8Trade Size 10–30 million EURn

+ γ9Trade Size >30 million EURn

+ γ10Round Trade Sizen + gCControlsn: (4) 

Table 5 provides the regression results. The first three 
columns in Table 5 show the marginal effects of the probit 
estimation of Equation (3), with standard errors clustered 
at the dealer level. We first analyze the role of information 
frictions in driving protocol choice. Our two measures of 
private information, order splitting and informedness, 
point in the same direction; more informed trades are 
more likely to be routed via MTS. Transactions that have 
been split into smaller trades are about two percentage 
points more likely to trade on MTS. Moreover, the proba
bility to trade OTC increases by 0.75–1 percentage point 
with each standard deviation increase in informedness. 
In contrast to our expectation, we find weakly significant 
evidence that aggregate market-wide information (aggre
gate order flow and order book imbalance) increases the 
probability to trade OTC.

We now turn to the role of search-and-bargaining 
frictions as drivers of protocol choice. Dealers holding 
larger inventory of a given security are more likely to 
transact them OTC. A one-standard-deviation increase 
in inventory of a given security translates into a 0.66- to 
0.85-percentage-point-higher probability that the trans
action is OTC. On more volatile days, trading on the 
exchange is more likely. A one-standard-deviation 
increase in volatility increases the likelihood of routing 
a trade to the exchange by about three percentage 
points, in line with the notion that the outside option of 
search in the OTC market is less feasible.

Finally, larger transactions are less likely to be traded 
on the exchange. Trades in the 10–30 million Euro range 
are 1.9–2.6 percentage points more likely to be traded 
over the counter with respect to the baseline of trades for 
2.5–10 million Euro. This effect is even more pronounced 
for trades larger than 30 million Euro, where OTC trading 
is about 8.7–10.5 percentage points more likely. Round 
trade sizes are significantly more likely on MTS.

In summary, these results show that both informa
tion and search-and-bargaining frictions impact deal
ers’ decision to trade on the exchange or in the OTC 
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market. We next study the role of these frictions for the 
decision to trade bilaterally or via a broker.

4.1.3. Choice Between Broker and Bilateral OTC. More 
than 75% of all interdealer trading is done via brokers. We 
model dealers’ decision to route an OTC trade via a bro
ker or trade bilaterally with the following probit model:

Pr(Brokern |OTCn, vII, n) � Φ(g
′
II vII, n), (5) 

where vII, n captures essentially the same set of trade- 
level proxies for information and search-and- 
bargaining frictions as well as trade-level controls. The 
only difference with respect to the set of explanatory 
variables vI, n used before is that we do not include a 
dummy for round trade sizes as these are much less 
prevalent for OTC transactions.

The last three columns in Table 5 show the marginal 
effects of this probit model. We highlight the following 
results. First, more informed transactions are more 
likely to be intermediated by a broker than bilaterally 

negotiated; transactions that have been split into smal
ler trades are more than six percentage points more 
likely to be routed via a broker. That said, the alterna
tive measure of informedness does not significantly 
affect the decision to trade via a broker.

Second, dealers with larger inventories are more 
likely to trade via brokers. A one-standard-deviation 
increase in dealer inventory increases the likelihood of 
broker intermediation by about two percentage points. 
Third, large dealers are more likely to trade via brokers 
than smaller ones. A dealer with a one-standard- 
deviation-larger total trading volume is about 14% more 
likely to trade via a broker. Fourth, larger trades are sig
nificantly more likely to be routed via brokers. OTC 
trades in the 10–30 million Euro range are more than 20 
percentage points more likely to be broker interme
diated. Trades larger than 30 million Euro are almost 40 
percentage points more likely to be routed via a broker.

Our interpretation of these results is as follows. 
Larger and more central dealers as well as dealers with 

Table 5. Probability Model for Protocol Choice

Interdealer trades: OTC vs. MTS Broker vs. bilateral | OTC

(1) (2) (3) (4) (5) (6)

Order splitting (dummy) �0.0232*** �0.0197*** 0.0664*** 0.0647***
(�3.7038) (�3.1317) (3.8505) (2.7181)

Informedness �0.0119*** �0.0075*** �0.0001 �0.0125
(�6.1722) (�3.5398) (�0.0105) (�1.0042)

Aggregate order flow 0.0050* 0.0050* 0.0050* 0.0102 0.0111 0.0098
(1.8605) (1.8724) (1.8995) (1.0530) (1.1435) (1.0267)

Order book imbalance 0.0032* 0.0029 0.0027 �0.0058** �0.0042 �0.0045
(1.7368) (1.5727) (1.5117) (�2.0911) (�1.4078) (�1.5412)

Inventory 0.0085*** 0.0066*** 0.0066*** 0.0217*** 0.0193*** 0.0193***
(3.2592) (3.0344) (3.0054) (3.1044) (2.6956) (2.7077)

Volatility �0.0331*** �0.0290*** �0.0290*** �0.0040 0.0002 0.0001
(�7.5524) (�7.7091) (�7.7118) (�0.3978) (0.0240) (0.0121)

Dealer Volume �0.0177 �0.0192 �0.0185 0.1416*** 0.1339*** 0.1326***
(�0.8827) (�1.0488) (�1.0078) (2.7134) (2.6322) (2.6192)

Trade size 10–30 million Euro (dummy) 0.0262** 0.0191* 0.0200* 0.2095*** 0.2080*** 0.2036***
(2.3568) (1.6539) (1.7396) (4.1278) (4.0368) (3.9766)

Trade size >30 million Euro (dummy) 0.1035*** 0.0870*** 0.0890*** 0.3671*** 0.3684*** 0.3602***
(3.8109) (3.3454) (3.3510) (7.7604) (7.6409) (7.5038)

Round trade size (2.5/5/10 million Euro, dummy) �0.1688*** �0.1523*** �0.1508***
(�9.3607) (�8.1698) (�8.2199)

R2
pseudo 0.4110 0.4073 0.4093 0.1854 0.1858 0.1886

N 21,787 20,242 20,242 19,691 18,546 18,546
Controls Yes Yes Yes Yes Yes Yes

Notes. Marginal effects are at means of a probit model. In specifications (1)–(3), we estimate Pr(OTCn |vn) �Φ(g′vn), where OTCn is a dummy 
variable that takes the value of one when transaction n takes place OTC and zero when it is on MTS. In specifications (4)–(6), we estimate 
Pr(Brokern |OTCn, vn) �Φ(g′vn), where Brokern is a dummy variable that takes the value of one when transaction n is broker intermediated and 
zero when it is bilaterally negotiated. Φ is the standard normal cumulative distribution function, and vn is a vector of variables representing 
information and search-and-bargaining frictions as detailed in Equation (4) (cf. Section 4.1.2). This table is based on regulatory data including all 
transactions in Bunds involving German financial institutions from June 2011 through December 2017. Z-scores are given in parentheses, where 
standard errors are clustered at the dealer level.

*Significance at the 10% level; **significance at the 5% level; ***significance at the 1% level.
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larger trading needs avoid trading bilaterally and 
instead, prefer to trade anonymously via brokers. Possi
ble motives could be to maintain their informational 
advantage (Holland 2002, Babus and Kondor 2018) or 
to protect themselves against front-running (Harris 
1997, Brunnermeier and Pedersen 2005) or back-running 
(Yang and Zhu 2020).17

In sum, our results suggest that more informed trans
actions are more likely to take place on the exchange. 
Among OTC trades, more informed transactions are 
more likely to be routed via an interdealer broker. Com
bined, they highlight the important role of information 
frictions in dealers’ trading decisions.

4.2. The Informational Content of Order Flows
In the previous section, we have shown that variables 
measuring the informational content of trades are 
strong predictors of the protocol in which dealers exe
cute transactions. If there are systematic differences in 
the informational content of the three trading protocols, 
these should be reflected in aggregate order flows. 
Moreover, information is often associated with realized 
returns. We, therefore, follow the literature on informed 
trading in bond markets (e.g., Czech et al. 2021) to 
assess whether the informational content of trades is 
in line with the pecking order of transaction costs that 
we have documented. Specifically, we regress bond 
returns on order flows in each protocol as follows:

return i, d, d+∆ � γ0 + γ1MTS order flowi, d

+ γ2Broker order flowi, d

+ γ3Bilateral order flowi, d

+ γd∆d + γi∆i + gCControlsn + εi, d: (6) 

Here, returni, d, d+∆ denotes the cumulative log return of 
bond i from day d to day d+∆ in basis points. MTS 
order flowi, d, Broker order flowi, d, and Bilateral order flowi, d 
are the net total volume for each bond and trading 
day.18 Control variables include the customer order 
flows, the lagged return, the logarithm of the amount 
outstanding in the bond, and the logarithm of the 
remaining maturity. We also include bond and day 
fixed effects.

Table 6 shows the results of this regression for hori
zons ∆ equal to one, two, and five days. MTS order 
flow is statistically significant for the two- and five-day 
horizons and has the strongest price impact at all hori
zons. The coefficient on order flow via brokers is 
slightly smaller and statistically significant at the 5% 
level for the two-day horizon. By contrast, bilateral 
order flow is indistinguishable from zero at all 
horizons.

Our findings on the predictive content of order flow 
are consistent with the pecking order of transaction 

costs documented in Section 3. Trading on MTS is the 
most informative about future returns and also features 
the highest transaction cost. Trading via brokers has 
somewhat less predictive power and lower transaction 
costs. Bilateral trading, in turn, carries no information 
about future returns and features the lowest transaction 
costs. These results are also in line with our previous 
findings that more informed transactions are more 
likely done on the exchange and that better informed 
OTC transactions are more likely to be broker interme
diated. Thus, information frictions represent a coherent 
explanation for the observed differences in transaction 
costs and dealers’ protocol choice.

5. Transaction Cost Differentials 
Within Protocols

In the previous sections, we have established a pecking 
order of transaction costs, which is consistent with 
informational differences across trading protocols. We 
now turn to an analysis of the drivers of OTC discount 
within protocols. To this end, we regress OTC discount 
on proxies of information and search-and-bargaining 
frictions.

Table 6. Bond Returns and Interdealer Order Flows

Dependent variable: returni, d, d+1 returni, d, d+2 returni, d, d+5
(1) (2) (3)

MTS order flow 0.0486 0.1601** 0.1928*
(1.0749) (2.4484) (1.8694)

Broker order flow 0.0352 0.1193** 0.0840
(0.8374) (1.9856) (0.9004)

Bilateral order flow 0.0321 0.0487 �0.0882
(0.7653) (0.7941) (�0.9414)

R2 0.4848 0.4875 0.4999
R2

adjusted 0.4722 0.4750 0.4877
R2

within 0.0008 0.0011 0.0039
N 73,990 73,925 73,620
Bond FE Yes Yes Yes
Date FE Yes Yes Yes
Controls Yes Yes Yes

Notes. Ordinary Least Squares estimation of returni, d, d+∆ � γ1MTS 
order flowi, d + γ2Broker order flowi, d + γ3Bilateral order flowi, d + γd∆d +

γi∆i +gCControlsn + εi, d (see Equation (6) and Section 4.2). The 
dependent variable, returni, d, d+∆, is the logarithmic return of bond i 
from end of day d to end of day d+∆ given in units of basis points 
and trimmed at the 1st and 99th percentiles. All order flow variables 
are computed for each bond and trading day and are standardized. 
Control variables include customer order flow, the lagged return 
(in basis points), the logarithm of the amount outstanding in the 
bond (standardized), and the logarithm of the remaining maturity 
(standardized). The sample consists of 2-, 5- and 10-year Bunds 
from June 2011 through December 2017. Because 30-year Bunds are 
much less liquid and less often traded than other maturities, we 
exclude them from this part of our analysis. Order flow variables 
are based on regulatory data of all transactions in Bunds involving 
German financial institutions. t-values based on heteroskedasticity- 
robust standard errors are given in parentheses.

*Significance at the 10% level; **significance at the 5% level.
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5.1. Regression Specification
Transaction costs likely influence dealers’ protocol 
choice. Hence, trading protocol and OTC discount are 
likely determined jointly. To correct for this potential 
endogeneity in modeling OTC discount, we follow the 
standard approach of using a two-stage switching 
model (Madhavan and Cheng 1997, Bessembinder and 
Venkataraman 2004, Hendershott and Madhavan 
2015). The first stage consists of estimating a model of 
protocol choice as in Section 4.1. In the second stage, we 
then relate OTC discount to explanatory variables and 
the inverse Mills ratio calculated from the first stage.

Assuming that error terms are jointly normal, we 
estimate the following equation separately for bilateral 
and broker OTC trades at the level of individual trades 
(indexed by n):

OTC discount n � b′vvn + βOTCλ̂
OTC
n + βsλ̂

s
n + εn, (7) 

where s ∈ {bilateral, broker} indicates the trading proto
col used and where v is a vector collecting proxies for 
information and search-and-bargaining frictions as 
well as a set of control variables. As selectivity adjust
ments, we include the inverse Mills ratio λ̂OTC to con
trol for the decision to trade over the counter and 
λ̂

bilateral or λ̂broker to control for the decision to trade 
bilaterally or via a broker, respectively. The explanatory 
variables in Equation (7) are

β′vvn � β0 + β1Price Impactn + β2Order Splittingn

+ β3Informednessn + β4Aggregate Order Flown

+ β5Order Book Imbalancen + β6Inventoryn

+ β7Volatilityn + β8Trade Size (log)n + βb∆b

+ βi∆i +bCControlsn, (8) 

where ∆b and ∆i are bond and initiating dealer fixed 
effects, respectively, and Controls is a vector of further 
control variables as above.19 As an additional proxy for 
information frictions, we now also include Price impact 
as the price change 15 minutes after each trade follow
ing Collin-Dufresne et al. (2020).20 We interpret trades 
with larger price impact as being more informed.

5.2. Estimation Results
Table 7 shows the estimation results, with standard 
errors obtained via bootstrap to account for correlation 
with protocol choice.21

5.2.1. Bilaterally Negotiated Interdealer Trading. Column 
(1) in Table 7 reports the coefficient estimates for bilater
ally negotiated OTC trades. A one-standard-deviation 
increase in price impact is associated with a 2.2-percent
age-point-lower OTC discount. Order splitting has a 
similarly large effect, which is not, however, statisti
cally significant.22 We also do not find a statistically 

significant impact of informedness in the presence of 
the above two proxies for private information. The coef
ficient for aggregate order flow is negative and highly 
significant, implying that trades in the same direction 
as the overall market feature a lower OTC discount. 
These results suggest that dealers, at least to some 
extent, price discriminate against each other based on 
their counterparty’s perceived information.

We next turn to the role of search-and-bargaining 
frictions. Volatility, which makes the outside option of 
continued search more costly or less feasible, strongly 
raises transaction costs. A one-standard-deviation 
increase in volatility reduces OTC discount by about 10 
percentage points. OTC discount also decreases with 
trade size. A one-standard-deviation-larger trade is 
associated with a 4.2-percentage-point-lower OTC dis
count.23 Importantly, our regression includes dealer 
fixed effects, which absorb any residual time-invariant 
differences in bargaining power across dealers. The 
estimated fixed effects show sizeable variation; the 
standard deviation across dealers amounts to 17.6 per
centage points of the MTS half-spread—almost one 
third of the average OTC discount.

To further illustrate the effect of dealer-specific bar
gaining power, we construct dummy variables for the 
top and bottom five dealers in terms of their dealer 
fixed effects in column (1) in Table 7. In column (2) in 
Table 7, we repeat the estimation, including these dum
mies instead of dealer fixed effects. The top five dealers 
receive a 7.5-percentage-point-higher OTC discount, 
whereas the bottom five obtain a 18.3-percentage- 
point-lower OTC discount relative to their peers. These 
effects are again sizeable in light of the average OTC 
discount of 54.6%. This suggests that dealer-specific 
bargaining power plays a quantitatively important role 
for transaction cost over and above the proxies 
included in our regressions.

We show the robustness of our results in Online 
Appendix C. We consider alternative definitions of 
OTC discount, where we (a) normalize OTC discount 
by price instead of transaction cost and (b) include the 
effect of larger trades walking up the limit order book 
and consuming liquidity from deeper levels of the limit 
order book. All results are quantitatively and qualita
tively in line with those presented here.

5.2.2. Broker-Intermediated Interdealer Trading. We 
now investigate the determinants of OTC discount for 
trades intermediated by interdealer brokers. Column 
(3) in Table 7 shows the results. They highlight that the 
same set of drivers as for bilateral OTC trades affects 
transaction costs in the broker protocol.

Specifically, we find that higher price impact and the 
presence of order splitting are both associated with sig
nificantly lower OTC discounts. Although the coeffi
cient on price impact is somewhat smaller compared 
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Table 7. Intermediation Frictions and OTC Discount

Interdealer trading protocol: Bilateral OTC Via broker

(1) (2) (3)

Price impact (15 min) �2.2285*** �2.2508*** �1.3561**
(�3.2367) (�3.2653) (�2.4922)

Order splitting (dummy) �2.1973 �2.6248* �4.1521***
(�1.3577) (�1.7040) (�3.1084)

Informedness �0.3288 �0.3476 �0.1769
(�0.5334) (�0.5730) (�0.3222)

Aggregate order flow �1.7390*** �1.7630*** �1.4726***
(�3.7491) (�3.8898) (�3.1311)

Order book imbalance �0.6214 �0.5714 0.1480
(�1.1937) (�1.1137) (0.2817)

Inventory �0.7140 �0.7903 �0.4154
(�1.2631) (�1.5358) (�0.7993)

Volatility �10.2794*** �10.3751*** �15.9561***
(�8.2978) (�8.4067) (�14.5200)

Trade size (log) �4.1577*** �4.9888*** �3.1803***
(�3.2199) (�6.0573) (�2.8536)

Top 5 dealer (dummy) 7.4927***
(5.9132)

Bottom 5 dealer (dummy) �18.3482***
(�5.7457)

Inverse Mills OTC �0.2614 �0.1349 0.3912
(�0.4630) (�0.2397) (0.7183)

Inverse Mills bilateral 1.4963 0.2821
(0.9721) (0.3288)

Inverse Mills broker �5.9684***
(�4.0760)

Intercept 59.8610*** 59.7788*** 37.4653***
(79.1175) (74.8237) (43.3042)

R2 0.1344 0.1310 0.2161
R2

adjusted 0.1106 0.1115 0.2069
R2

within 0.0799 0.0970 0.0772
N 5,871 5,871 12,179
Bond FE Yes Yes Yes
Dealer FE Yes No Yes
Controls Yes Yes Yes

Notes. Ordinary Least Squares estimation of OTC discountn � b′vvn + βOTCλ
OTC
n + βsλ

s
n + εn (see Equation 

(7) and Section 5.1). The dependent variable, OTC discount, defined in Equation (1) in Section 3.1, is the 
difference between the price that a trade would have incurred on the exchange and the observed price of 
an OTC trade. We measure OTC discount as a fraction of the hypothetical transaction cost on the 
exchange. vn, as detailed in Equation (8), is a vector of variables representing information and search- 
and-bargaining frictions, fixed effects (FEs) for bond and initiating dealer, and a set of control variables. 
These include the MTS half-spread, depth at the MTS best, dummy variable for issuance days, dummy 
variable for cheapest-to-deliver securities, dummy variable for securities with on-the-run, bond age, and 
dummy variables for end-of-quarter days or end-of-year days. λOTC and λs, s ∈ {bilateral, broker} are the 
inverse Mills ratios controlling for protocol choice. The sample consists of bilaterally negotiated OTC 
trades between dealers in specifications (1) and (2) (row D2D via bilateral OTC in Table 2) and interdealer 
trades via interdealer brokers in specification (3) (row D2D via broker in Table 2). The minimum trade size 
is 2.5 million Euro in all specifications. This table is based on regulatory data including all transactions in 
Bunds involving German financial institutions from June 2011 through December 2017. Standard errors 
are obtained through sampling. t-values are given in parentheses.

*Significance at the 10% level; **significance at the 5% level; ***significance at the 1% level.
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with bilateral trades, the order splitting dummy is 
highly significant and almost twice as large. Trades 
that are part of a meta-order receive a discount that is 
4.2 percentage points lower. Although the coefficient 
on informedness is negative as expected, it is not statis
tically significant. Trading in the same direction as the 
market also significantly reduces OTC discount. A one- 
standard-deviation-higher aggregate order flow implies 
a 1.5-percentage-point-lower OTC discount for broker- 
facilitated trades.

We now turn to measures of search-and-bargaining 
frictions. As before, days with higher volatility are char
acterized by substantially lower OTC discounts. The 
impact of volatility is about 50% larger than for bilateral 
trades and highly statistically significant. As for bilat
eral transactions, larger trades receive significantly 
smaller discounts. A one-standard-deviation increase 
in log trade size is associated with a 3.2-percentage- 
point-lower OTC discount.

Combined, these results show that more informed 
trades receive lower OTC discounts, in line with 
information-based theories of hybrid markets. At 
the same time, we find that less bargaining power 
translates into lower OTC discounts, consistent with 
search-and-bargaining-based theories of OTC markets. 
Although the coefficients differ slightly, the role of 
information and search-and-bargaining frictions is 
comparable across the two OTC protocols.

5.3. The Dealer-to-Customer Segment
Although our paper focuses on the hybrid market 
structure of the Bund interdealer segments and their 
main drivers, an interesting complementary question is 
how this structure and dealers’ pricing and trading 
decisions in the interdealer segment affect trading con
ditions in the dealer-to-customer segment. In Online 
Appendix F, we extend our analysis to the D2C seg
ment of the Bund market and present three main find
ings. First, we observe an OTC discount with respect to 
MTS quotes even for D2C trades, suggesting that deal
ers pass on a substantial share of their transaction cost 
advantage to their clients. Second, information and 
search-and-bargaining frictions play a similar role in 
driving OTC discount as in the D2D segment. Third, 
dealers with more bargaining power in the interdealer 
segment offer lower transaction costs to their clients.

6. Conclusion
In an environment where academics and regulators 
increasingly call for a shift from traditional over-the- 
counter market structures toward electronic platforms 
and greater transparency, understanding the drivers of 
dealers’ pricing decisions across trading protocols is 
ever more important. Using a unique regulatory data 
set of securities transactions, our paper contributes to 

this debate along several dimensions. We find that the 
vast majority of OTC trades execute at favorable prices 
relative to the exchange limit order book. This OTC dis
count is significantly larger for bilateral than for broker- 
intermediated OTC trades, giving rise to a pecking 
order of transaction costs. Dealers’ decisions of where 
to execute a trade depend both on their bargaining 
power as well as on the information that they have. 
Consistently, we document that this pecking order is in 
line with the relative informedness of order flows from 
the different protocols. Moreover, we show that the 
variation of OTC discount across transactions within 
the same protocol is driven by both information and 
search-and-bargaining frictions, suggesting that both 
types of frictions are present in hybrid markets.

Our findings are relevant for the growing literature 
on OTC markets. Specifically, they suggest that both 
theoretical work and empirical work in this area should 
strive to account for the complex structure of today’s 
markets by considering (i) the coexistence of multiple 
trading protocols, (ii) the relevance of interdealer bro
kers, (iii) the importance of both information and 
search-and-bargaining frictions, and (iv) the interlin
kages between the interdealer and D2C segments.

On the regulatory side, there is a strong effort to 
improve OTC market functioning. In Europe, the Mar
kets in Financial Instruments Directive II (MiFID II) reg
ulation was rolled out with the intention to improve 
market transparency, whereas in the United States, the 
Financial Industry Regulatory Authority (FINRA) has 
started to collect transaction-level data for sovereign 
bonds similar to that in the Trade Reporting and Com
pliance Engine (TRACE) database and the regulatory 
data set used in this paper. In recent years, there has 
also been a regulatory push away from OTC toward 
exchange-based trading. However, as pointed out by 
Dugast et al. (2022), a centralized exchange market is 
not always socially optimal as agents’ trading decisions 
are driven by their private incentives. Although our 
empirical analysis cannot shed light on the socially opti
mal market structure, our results suggest that there is 
substantial heterogeneity across trades and dealers. As 
a result, bilateral, broker-intermediated, and exchange- 
based trading protocols all play complementary roles in 
serving the different needs of dealers in a way that a sin
gle venue might not be able to achieve.
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Endnotes
1 Cenedese et al. (2020) use similar terminology in their analysis of 
interest rate swaps. These contracts are traded in an OTC market, 
with some trades cleared via central counterparties (CCPs) and 
others not. They document that the same derivative contract is 
more expensive when not cleared via a CCP and label these price 
differentials OTC premia.
2 The previous literature has also associated heterogeneity in tra
ders’ asset valuations and other trading needs with differences in 
transaction costs and venue choices in hybrid markets (e.g., Pagano 
1989, Chowdhry and Nanda 1991, Babus and Parlatore 2022, Dugast 
et al. 2022).
3 A similar prediction is derived in Desgranges and Foucault (2005), 
where enduring relationships allow dealers to avoid being adversely 
selected by informed counterparties.
4 These results are complementary to Czech et al. (2021), who show 
that in the Gilt market, the order flows from informed groups of 
customers predict future returns.
5 We provide further information on the interdealer Bund market 
structure in the Online Appendix.
6 The MiFID II/MiFIR (Markets in Financial Instruments Regulation) 
regulation that came into effect in January 2018, after the end of our 
sample period, introduced provisions for post-trade transparency.
7 See the AFME (Association for Financial Markets in Europe) 
European Primary Dealers Handbook available at https://www. 
afme.eu/portals/0/globalassets/downloads/publications/ 
afme-primary-dealers-handbook-q3-2017.pdf and the Online 
Appendix for institutional background on interdealer brokers.
8 For a detailed description of the data set and our matching 
approach, please refer to the Online Appendix.
9 This figure is in line with evidence provided by Pinter et al. (2022) 
for the UK Gilt interdealer market.
10 We infer the initiator of each trade by comparing the trade price 
with the contemporaneous midprice on the exchange as in, for 
example, Bessembinder and Venkataraman (2004). Whenever the 
observed trade price is above (below) the midprice of MTS at the 
full minute preceding the transaction, the trade is identified as 
buyer (seller) initiated. We do not assign a trade sign to trades at 
the midprice (about 3% of our sample), thus differing from the 
approach in Lee and Ready (1991).
11 We consider an average half bid-ask spread of four basis points 
on MTS and a daily trading volume of about 17 billion Euro for this 
calculation.

12 The variables used in the matching procedure are the next MTS 
bid-ask spread and depth; (logarithmic) trade size; the date; the 
bond identifier; the identity of the initiating dealer; the direction of 
the trade; volatility; inventory; order flow; informedness; and 
dummy variables for order splitting, whether a bond was issued or 
reopened on the same day, its status as the cheapest-to-deliver 
bond in the current futures contract, on-the-run status, and end-of- 
quarter and end-of-year effects. All variables are defined in Section 
4. We enforce strict matching on the bond and dealer dimensions; 
that is, we allow only for perfect matches of trades from the same 
dealer in the same security. We impose minimum closeness criteria 
for the other matching characteristics. Furthermore, we only con
sider trades where the initiating party is obliged to report to our 
transactions database (i.e., where we observe the dealer’s full trad
ing activity).
13 We consider the decision of whether to trade on the exchange 
first because execution there is certain and immediate.
14 In the Online Appendix, we conduct a robustness check by con
sidering a multinomial logit model that does not rely on a particular 
hierarchy of choices. This analysis yields very similar results.
15 The variable is winsorized at the 1% and 99% percentiles, and its 
distribution is standardized at the dealer level; see the tables in the 
Online Appendix.
16 The vector includes MTS half-spread (half the MTS bid-ask 
spread), Depth at MTS best (logarithm of the volume available at the 
best), and a dummy variable that equals one for bonds that are 
Cheapest-to-deliver for currently active futures contracts. 2-year 
Schatz, 5-year Bobl, and 30-year Bund are dummy variables that 
indicate a maturity at issuance of 2, 5, or 30 years, respectively. 
Further control variables account for issuance days (dummy), (log
arithmic) amount outstanding, bond age (as a percentage of origi
nal maturity), the coupon rate (in percent), end-of-quarter effects 
(dummy) and end-of-year effects (dummy), on-the-run status 
(dummy), and whether the dealer is a German financial institution 
(dummy).
17 In line with the first motive, Hagströmer and Menkveld (2019) 
find that strongly connected central FX dealers are more informed.
18 We trim returns at the 1st and 99th percentiles. Buyer-initiated 
(seller-initiated) transactions increase (decrease) net order flow. For a 
bond without any trades in a given day, the order flow is zero. Fur
thermore, we standardize all variables to have mean of zero and vari
ance of one. As 30-year Bunds are considerably less often traded than 
other maturities, we exclude them from this part of our analysis.
19 Specifically, Controls accounts for MTS half-spread, depth at the 
MTS best, issuance days, cheapest-to-deliver and on-the-run status, 
bond age, and end-of-quarter and end-of-year effects.
20 Price impact captures the ex post reaction of MTS prices to trades. 
This reaction is structurally different across protocols. For example, 
when an exchange trade depletes levels of the order book, it imme
diately shifts prices even without a reaction from other market par
ticipants adjusting their limit orders. This is not the case for OTC 
transactions. For this reason and to avoid a potential endogeneity 
bias, we do not include price impact in our protocol choice estima
tions above.
21 Specifically, we draw 1,000 samples with replacement from our 
set of trades. For each sample, we repeat the protocol choice and 
OTC discount estimations, and we obtain standard errors from the 
distribution of coefficient estimates. We deem very large OTC pre
mia as unrealistic and winsorize OTC discount from below at 
�100%. Our results are robust to omitting this step.
22 We have verified that our results do not materially change when 
considering similar horizons for price impact, such as 5 or 30 min
utes, and when considering only the last child order in cases of 
order splitting.
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23 Although in pure OTC markets, transaction costs typically 
decrease with trade size (Edwards et al. 2007, Green et al. 2007, 
O’Hara and Zhou 2021), Pinter et al. (2024) show that after control
ling for trader fixed effects, transaction costs increase with size, in 
line with our setup and result. An and Song (2023) document a sim
ilar trade-size markup effect for Federal Reserve purchases of 
agency mortgage-backed securities (MBS).
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