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Abstract

This paper formalizes a decentralized asset market where investors form long-term
trading relationships with dealers. Relationships influence the provision and price of
liquidity by alleviating search frictions and mitigating a holdup problem. Intermedi-
ation fees depend on both the current gains from trade and the future value of the
relationship, creating a temporal dimension that leads to nonmonotonicities in trans-
action costs as trade sizes or relationship duration vary. When relationship duration
is endogenized, investors with the strongest insurance motives establish the longest re-
lationships. This feature of the model links stronger relationships with higher trading
volume and tighter spreads.
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1 Introduction

Traditional bilateral trading protocols that are used in Over-the-Counter (OTC) markets do
not provide anonymity, meaning both parties involved in the transaction are aware of each
other’s identity.! This characteristic of OTC markets enables the formation of long-term
trading relationships, as investors can freely select their preferred counterparties.? Empirical
evidence supports this notion, with several studies finding that market participants maintain
persistent relations with a limited number of trading partners (e.g., Hendershott, Li, et al.
(2020)). However, this behavior contrasts with a common assumption in search-theoretic
models of OTC markets, which posits that interactions with dealers are short-lived. Since
stronger relationships correlate with tighter spreads (Di Maggio, Kermani, and Song (2017))
and improved liquidity sourcing (Afonso, Kovner, and Schoar (2014)), their omission from
conventional theories of OTC markets neglects a dimension of trade that is known to impact
the objects of study of such theories.

Meetings between investors and dealers in my model originate according to a random
search technology. In contrast to Duffie, Garleanu, and Pedersen (2005) and Lagos and
Rocheteau (2009), these matches are long-lived, making the formalization of trading rela-
tionships similar in spirit to worker-firm relationships in Mortensen and Pissarides (1994).
Importantly, this type of meeting arrangement enables repeated trade between an investor-
dealer pair. In effect, relationships give investors the ability to temporarily bypass search
frictions that are associated with finding a counterparty. Furthermore, by allowing investors
to contract with dealers over a long-term horizon, a ‘holdup’ problem—where one party

exploits another’s investment ex-post—is mitigated. I use this framework to study the role

'Historically, transaction prices in Over-the-Counter markets have been determined through bilateral
negotiations conducted over the phone. The predominance of voice-based trading in fixed income markets
is well known, see, for example, Hendershott and Madhavan (2015), Fleming, Mizrach, and Nguyen (2018),
Bech et al. (2016), Bessembinder, Spatt, and Venkataraman (2020). But also in foreign exchange markets
as noted in Bjgnnes and Rime (2005) and Mizrach and Neely (2006).

2Tn many platforms, such as MarketAxess’ Open Trading product, investors looking to send a Request-
for-Quote (RFQ) to dealers have the option to send non-anonymous RFQ’s to those dealers with whom they
have existing relationships, or anonymous RFQ’s to all other dealers participating in the market.



relationships play in shaping various measures of market liquidity.

The stability (duration) of trading relationships has important implications for trade sizes
and trading volume. When relationships become longer-lived, the distribution of asset hold-
ings becomes more dispersed, and the volume of trade increases monotonically. This liquidity
improvement is twofold. First, on the extensive margin, stable relationships mechanically
increase trading volume by providing more investors with the opportunity to trade. A sec-
ond effect arises from the intensive margin. Because investors can contract with dealers over
a long-term horizon, relationships mitigate a holdup problem.® In Lagos and Rocheteau
(2009), an investor never trades with the same dealer twice. Consequently, any portfolio
investment made by the investor will generate gains from trade with a dealer she has yet to
meet. Since this dealer has bargaining power, the investor does not capture the full surplus
from her investment. Furthermore, the investor cannot contract with the dealer in advance
which leads to underinvestment in the sense that she trades in smaller quantities. In my
model, investors can contract with dealers over longer time horizons, ensuring that any port-
folio investment results in gains from trade with the same dealer in the next transaction.
This mitigates the holdup problem, leading to more extreme asset positions, larger trade
sizes, and increased trading volume.

A key determinant of transaction costs is related to the temporal structure of investor-
dealer relationships. Intermediation fees paid by investors are shaped by two countervailing
forces: (1) the investor’s gains from trade on the current transaction and (2) the future
intermediation fees received by the dealer later in the relationship. As the investor’s gains
from trade increase, their bargaining position weakens, allowing the dealer to extract larger
rents. However, if the dealer expects to earn significant future fees from the investor, the
dealer’s bargaining position weakens, leading to lower fees in the present. This dynamic
explains why dealers are willing to accept negative profits on certain transactions. When the

long-term value of a trading relationship is sufficiently high, a dealer may subsidize trades

3For a discussion on how long term contracts can address the holdup problem described in Goldberg
(1976), refer to Klein, Crawford, and Alchian (1978).



in an effort to retain the investor and secure future trading business.

When there is free entry of dealers, I show that more stable relationships can not only
eliminate a potential multiplicity of equilibria, but also generate a unique steady-state equi-
librium with more favorable liquidity properties —such as more participating dealers, greater
trade volume and lower fees. For any given level of entry, making relationships more stable
increases the expected fees participating dealers will receive. The increase in expected profits
resulting from more stable relations can eliminate the multiplicity of equilibria resulting in
a unique, steady state equilibrium characterized by greater dealer participation and trading
volume, lower trading delays and transaction costs, and higher welfare.

I extend the baseline environment by incorporating spot trading alongside relationship
trading. I find that there exists a potential tradeoff in improving liquidity for spot trans-
actions at the expense of relationship traders. In addition, effective spreads for relationship
trades may be higher or lower than those for spot transactions. This arises in the model
because investors in relationships also receive transfers from dealers that are unrelated to any
specific trade, making transaction-related relationship fees appear larger. This suggests that
conventional measures of per-unit transaction costs, which exclude non-trade relationship
services, may lead to biased estimates of spreads.

Lastly, I endogenize the strength of trading relationships by assuming that an investor-
dealer pair can expend effort to maintain an existing match. This extended model is solved
numerically and calibrated using moments from the interdealer U.S. municipal bond mar-
ket. I find that those traders with extreme preferences for the asset endogenously form
the strongest relationships. This feature of the model makes clear the insurance motive
of relationships; in an environment with search frictions, they serve as protection against
future liquidity shocks. The calibrated model matches non-targeted empirical correlations
that show that investors with stronger relationships trade in greater quantities at lower
proportional costs.

The model has several empirical implications and testable predictions. First, the model



contributes to the discussion on the relationship between transaction costs and trade sizes in
OTC markets. A key insight delivered is that analyzing cost-size correlations of individual
trades in isolation is less informative when counterparties engage in long-term contracts.*
Since transaction costs for different trades within the same long-term contract may be corre-
lated, a more meaningful measure of how proportional trading costs depend on the quantity
of assets traded is the total fees paid per-unit over the duration of the relationship. The em-
pirical conjecture of the model is that the per-unit discounted sum of fees is non-monotonic
in quantity traded: investors who highly value long-term relationships are not necessarily
those who trade more. Related to this, the model highlights that investors may receive var-
ious relationship benefits that are non-trade related. Omitting these benefits from measures
of transaction costs can lead to potentially biased estimates of the overall cost of intermedi-
ation. Lastly, the model predicts that relationship discounts are based on future expected
trading between an investor-dealer pair, rather than on past transaction history. This un-
derscores that using backward looking measures, such as past volume-share, to identify the
strength of trading relationships is only adequate insofar that past trading is correlated with

future expected profits.

1.1 Empirical Evidence of Trading Relationships

Bonds, derivative instruments, and many other financial assets typically have a wide range
of idiosyncratic properties such as credit risk, lot size, and expiration dates that make them
non-fungible. As a result, these assets tend to trade in decentralized and fragmented mar-
kets. Owing to this decentralized structure, finding desired assets at reasonable prices re-
mains a time consuming and costly process for investors and dealers alike (Hansch, Naik,
and Viswanathan (1999)). To this end, the formation of trading networks and long-term

relationships has been perceived as useful for many market participants (Chaboud et al.

4While the long-term contracts in the model will be explicit, we can also think of a trading relationship
between counterparties as an implicit contract. That is, trading relationships are certainly not legally binding
arrangements, but they may be informal agreements that are self-enforcing.



(2022)). Multiple empirical studies have found the existence of either a core-periphery net-
work structure or the presence of long-term relationships, if not both, in virtually all OTC
asset classes. See for example Li and Schiirhoff (2019) (municipal bonds), Hollifield, Neklyu-
dov, and Spatt (2017) and Schultz and Song (2019) (ABS), Han, Nikolaou, and Tase (2022)
(triparty repos), Iercosan and Jiron (2017) (CDS), Di Maggio, Kermani, and Song (2017)
(corporate bonds), Afonso, Kovner, and Schoar (2014) (federal funds), Allen and Wittwer
(2023) and Wittwer and Allen (2024) (government bonds), Hau et al. (2021) (FX), Hansch,
Naik, and Viswanathan (1999) and Bernhardt et al. (2005) (equities).

Since investors in OTC markets need to search over a potentially large pool of counterpar-
ties in order to fulfill their trading needs, associated delays arising from market fragmentation
pose a challenge from a risk management standpoint; investors need the ability to offload
or onboard assets quickly to satisfy liquidity and hedging requirements (Hendershott, Li,
et al. (2020)). In practice, it is found that relationships are often used as a mechanism
to fulfill liquidity needs both in normal times (Afonso, Kovner, and Schoar (2014); Riggs
et al. (2020); Han, Nikolaou, and Tase (2022)) and in times of crisis (Di Maggio, Kermani,
and Song (2017)). Investors not only find assets more readily with their relationship coun-
terparties, those with whom prior relations already exist, but also do so at better prices.
There exists ample evidence of a relationship discount in the market for federal funds such
as in Ashcraft and Duffie (2007), Afonso, Kovner, and Schoar (2014), Brauning and Fecht
(2017), but also for longer term lending markets as in Li (2021), interbank markets as in
Cocco, Gomes, and Martins (2009), and even in the corporate bond market as documented
by Di Maggio, Kermani, and Song (2017), Bak-Hansen and Sloth (2024), and Jurkatis et al.
(2023). In contrast to a large majority of the literature, Hau et al. (2021) document a trading
relationship premium for investors who are unsophisticated. Similarly, lercosan and Jiron
(2017) find that a relationship premium can exist when the supply of assets is low and Issa
and Jarnecic (2019) find a similar result for markets during stressed conditions. It suggests

that dealers are willing to provide assets to their relationship customers in times of market



illiquidity, but for a premium.

1.2 Related Literature

This paper contributes to an extensive theoretical literature that seeks to understand
the role of search frictions on liquidity in OTC markets. Duffie, Garleanu, and Pedersen
(2005) (DGP hereafter), although not the first to study bid-ask spreads or decentralized
asset markets (e.g., Amihud and Mendelson (1980); Rubinstein and Wolinsky (1987)), are
the first to show that endogenous bid-ask spreads arise naturally as a result of search frictions
and depend critically on investors’ outside options. This approach is a departure from
earlier literature using dealer inventory considerations or asymmetrically informed investors
to explain bid-ask spreads. While stylized, the model of DGP captures two key features
of OTC markets which are present in my model as well: bilateral meetings and bargaining
over prices. The DGP framework is extended in a number of ways to provide explanations
for many relevant empirical features of decentralized asset markets (see Weill (2020) for a
comprehensive review of the search based literature on OTC markets).

Most relevant to this paper, Lagos and Rocheteau (2009) (LR hereafter) expand the eco-
nomic setting of DGP by allowing for divisible asset holdings and more general investor
preferences. This more general economic setting provides a new channel through which in-
vestors can bypass search frictions, namely, their portfolio size. LR show that the resulting
asset dispersion and so-called liquidity hedging behavior of investors is a key determinant of
market liquidity. This dimension of portfolio choice is present in my model as well. Whereas
LR focus exclusively on one-time, spot transactions, I build on their framework and consider
the existence of repeated trade between investors and dealers in long-term matches.

Zhang (2018) considers repeat trades between investor-dealer pairs in an environment
with private valuations. They show that dealers’ screening behavior can lead to liquidity
distortions, i.e. asset misallocation, even if investors do not face severe search frictions given

the existence of trading relationships. The asset misallocation in Zhang (2018) is obtained via



the breakdown of trade that occurs as a result of asymmetric information in an environment
with indivisible assets. Investors with small gains from trade are excluded from trade while
investors with large gains from trade transact at wide spreads. However, all trades are
of identical size meaning that the liquidity distortion is not realized through the intensive
margin, as it is in this paper. Trading relationships in my model manifest themselves both
by mitigating the degree of search frictions, as in Zhang (2018), and by partially solving a
holdup problem. This affects transaction costs and trade volume through the endogenous
trade sizes.

In Hendershott, Li, et al. (2020), investors face a trade-off between a larger network of
relationships, which reduce search frictions, and an exogenously specified value of relationship
services. The theoretical focus of the paper is on the endogenous network sizes chosen by
investors in an environment with indivisible assets. In contrast, I study a setting in which
investors have a single relationship whose net value depends critically on the endogenous
trade sizes. Sambalaibat (2022) endogenously generates trading networks by allowing for ex-
ante heterogeneous investors to choose which dealers to form relationships with. However,
the relationships in the model lack a long-term component, as they are assumed to consist
solely of a bond purchase and a subsequent sale back to the same dealer, ending once the
round-trip trade is completed. In contrast, I allow for investors to trade multiple times with
dealers which impacts transaction costs in part via the value of future repeat business. Other
models of network formation also acknowledge that trade is not fully random but instead
occurs via repeated interactions (e.g., Malamud and Rostek (2017), Babus and Hu (2017),
Wang (2017), Chang and Zhang (2021), to name a few).

Relationships have also been extensively studied in other economic settings. In labor
market models such as Mortensen and Pissarides (1994), a key difference from my paper is
that a worker’s labor is not re-traded. In my model, inefficiencies arise because investors need
to trade the asset multiple times, leading to a holdup problem with dealers that relationships

mitigate. This source of inefficiency is generally absent in most models of the labor market.



Relationships have also been studied in various lending markets, particularly in the context of
learning about clients (e.g., Hachem (2011) or Desgranges and Foucault (2005) for securities
markets) and providing insurance against liquidity shocks (e.g., Chiu, Eisenschmidt, and
Monnet (2020); Bethune et al. (2022)), among other aspects. The relationships in my paper

are closely related to the insurance motive.

2 Environment

Time is continuous and the horizon infinite. There are two types of infinitely-lived agents:
a unit measure of investors and a unit measure of dealers. There is one asset and one
perishable good, which I use as the numéraire. The asset is durable, perfectly divisible, and
in fixed supply, A € R,. The numéraire good is consumed by all agents and is produced
at unit marginal cost. The instantaneous utility function of an investor is w;(a) + ¢, where
a € R, represents the investor’s asset holdings, ¢ € R is the net consumption of the numéraire
good (c < 0 if the investor produces more than she consumes), and ¢ € {1, ..., 1} = 7 indexes
a preference shock. The utility function w;(a) is strictly increasing, concave, continuously
differentiable and satisfies the Inada condition that u/(0) = oo. The general form considered
will be such that u;(a) = g;u(a) for ¢; > 0. Investors receive idiosyncratic preference shocks
that occur with Poisson arrival rate A\. Conditional on the preference shock, the investor
draws preference type ¢ with probability m;, and Zle m; = 1. These preference shocks
capture the notion that investors value the services provided by the asset differently over
time, and will generate a need for investors to periodically change their asset holdings. The
instantaneous utility of a dealer is simply c. All agents discount the future with rate of time
preference r > 0.

There is a competitive market for the asset. Dealers can continuously buy and sell in this
market at price p, while investors can only access through a dealer. I assume that investors

and dealers can form lasting relationships. Investors can form at most one relationship



whereas dealers are unconstrained in how many matches they can form. Hence, investors
are either matched or unmatched. An unmatched investor forms a relationship with a dealer
according to a Poisson process with arrival rate a. Once the investor and the dealer have
made contact, they negotiate the terms of a long-term contract that specifies the quantity
of assets that the dealer will purchase (or sell) in the competitive market on behalf of the
investor, conditional on the history of preference shocks of the investor, and a discounted sum
of intermediation fees that the investor will pay the dealer for their services. A relationship

is destroyed with Poisson arrival rate 9.

3 Equilibrium

I focus on steady-state equilibria where the asset price and the distribution of investors

across states are constant through time.

3.1 Bargaining

Long-term trading relationships are made explicit by a contract specifying two compo-
nents. The first is a path of assets the dealer will acquire for the investor during the re-
lationship, conditional on the investor’s idiosyncratic history of preference types, for all
possible histories. This object is best thought of as an asset rule that assigns for any history
of preference types an according asset position. Therefore, it is possible to define a desired
asset path as a mapping from the partial histories of preference types whilst in a relationship
into a time path of asset positions. Let t; denote the time a relationship is formed. Define
the partial history of investor preference types from the time a relationship is formed up to
time t as the time path i; = {i(to),...,i(t)}. We can define the mapping a : iy — a; Vt
where a; is the steady-state asset position of an investor at time ¢ and a is the resulting asset

path.® An investor-dealer pair will bargain over the asset path acquired for the investor by

5The asset path maps histories of investor preference types into an asset position. This assumption is
without loss in generality as it can be shown that when an investor-dealer pair negotiate each time the



the dealer during the course of the relationship. It is assumed the dealer can commit to

providing assets to the investor in the future. The second component of the contract is an

expected discounted sum of intermediation fees, ®, paid to the dealer for his services.
Terms of the contract are determined by the generalized Nash bargaining solution. The

problem of an investor-dealer pair is given by
m%X[V;(ao, a) — Wi(ag) — @] """ (1)

where V;(ag,a) is the expected discounted lifetime utility of a matched investor (before
factoring in the discounted sum of fees paid to the dealer) when the investor has preference
type 7, initial asset holdings ag, and holds an asset path a throughout the relationship. The
term W;(ap) is the expected discounted lifetime utility of being unmatched with portfolio ag.
The dealer’s bargaining power is 77. The solution to the bargaining problem is given by the

following equations

a = arg {ﬂaX{Vi(ao; a) — Wz‘(ao)} (2)

a

®;(ag) = n[Vi(ao,a) — Wi(ao)]. (3)

As a result of preferences that are linear in the numéraire, the outcome of Nash bargaining
will be such that the asset path maximizes the joint surplus of a long-term relationship and
the discounted sum of intermediation fees splits the surplus created by the match according
to the dealer’s bargaining power.

In Internet Appendix A, I provide two alternatives to the bargaining problem described
above. The first views the relationship as a sequence of alternating offer games between

an investor and a dealer with discounting and exogenous risk of breakdown, in the spirit

investor wants to trade during the relationship, the resulting optimal path of asset holdings will depend
only on the investor’s history of preference types. This result stems from the transferable utility, as the
investor-dealer pair make the pairwise efficient asset holdings decision and split the resulting surplus among
each other using the fees. See Internet Appendix A for more details.

10



of Rubinstein (1982). The second approach also utilizes the axiomatic Nash solution, but
allows agents to bargain for each trade during the relationship, as opposed to one time at
the beginning of the match. The three approaches yield equivalent solutions that will be

used as complements to each other.

3.2 Bellman Equations

Consider first an investor and a dealer in a relationship. One can think of the matched
investor as selling all her assets at unit price p, which generates a wealth pa, before reopti-

mizing her portfolio.

Proposition 1 The lifetime utility of a matched investor is linear in wealth so that Vi(a) =

pa+V;

The term V; solves the following Hamilton-Jacobi-Bellman (HJB) equation:

a>0

rV; = max {ui(&) = 7pa+ 3[Wi(a) = V(@] + A 3 m[V5(@) — Wﬂ}- (4)

At each point in time, the investor chooses her asset holdings, a, so as to maximize the right
side of (4). The first two terms, u;(a) — rpa, correspond to the instantaneous utility of the
investor net of the flow cost of holding the asset. One can think of the investor as renting
the asset from the dealer at the rental price rp. The third term, W;(a) — V;(a), corresponds
to the event where the investor gets disconnected from the dealer at Poisson arrival rate §.
At the time of separation, the investor cannot readjust her asset holdings and is stuck with
the asset position she had previously chosen. The last term corresponds to the arrival of
preference shocks at rate A. The new preference type is j with probability m;. We can make

use of the linearity of the value function, V;(a), to notice that V;(a) — V;(a) is independent

11



of a and simplify the problem further as

rVi = max {Ui(&) —rpa + 0[Wi(a) — V%(d)]} +AY m [V - Vi (5)
j€T
So from (5), the investor maximizes her instantaneous utility net of the rental cost of the

asset and the cost from losing access to the dealer, which creates a potential illiquidity.

Using that V/(a) = p, the first-order condition for the optimal asset holdings is
ui(a:) + 0Wi(a;) = (r +6) p. (6)

The left side is the marginal instantaneous utility from the asset taking into account the risk
of separation while the right side is the holding cost of the asset.
I now turn to the value of an unmatched investor with preference type ¢ and asset holdings,

a. It solves the following HJB equation:

rWi(a) = ui(a) + A ) [Wyla) = Wi(a)] + a(1 = n) [Vi(a) — Wi(a)]. (7)
jeT

The unmatched investor enjoys flow utility u;(a) from holding the asset. At Poisson arrival
rate A, she draws a new preference type. At Poisson rate «, the investor meets a dealer.
They negotiate the terms of a long term contract that specifies asset holdings during the
relationship and a discounted sum of intermediation fees. The outcome of this negotiation
is given by (2) and (3). As a result of the quasi-linear preferences, the discounted sum
of intermediation fees is simply a fraction of the joint surplus. Therefore, at rate o an
unmatched investor meets a dealer and enjoys her share of the joint surplus. Alternatively,
we could think of the unmatched investor as contacting a dealer at a bargaining-adjusted

rate o(1 —n) and extracting the full surplus, which corresponds to the last term of (7).
At this point we will make an observation that will allow to compute the value function,

Wi(a), in closed form. According to (7), from the view point of the investor, the economy

12



is payoff-equivalent to one where she gains access to the competitive asset market at rate
a(1—n). Upon access, the duration of participation in the market is exponentially distributed

with mean 1/0. Hence, we can rewrite (7) as
Wi(a) = Ui(a) + E; [T Vyry(a)] , (8)
where T' is exponentially distributed with mean 1/ [a(1 — n)] and where

(@M)EEQ{&Te”umﬂ@dq. 9)

The expectation is with respect to T', the time to gain effective access to the market, and
the history of preference shocks, s(t), conditional on the initial preference type, s(0) = 1.
The function U;(a) represents the discounted sum of utility flows until the next access to the

market at rate (1 — 7). It solves the following HJB equation:

rUi(a) = ui(a) + XY 7 [Uj(a) — Ui(a)] — a(1 = n)Ui(a). (10)

jeT
Equation (10) adds the discounted utility flows until the next effective access to the market
occurs at rate a(1 —mn). We take a weighted sum of (10) to compute the expected discounted

sum of utility flows across preference types:

E:mwm%—jéﬂﬁﬁl (11)

Crta(l—n)

It is simply the expected instantaneous utility with respect to the preference type discounted

at rate r + (1 — n). We substitute this expression back into (10) and solve to obtain:

_r ol =n)]uila) + A3, mus(a)
Ude) = < a T s ar ol —n] (12)

We see from (12) that U;(a) is a weighted average of the current instantaneous utility of

13



the investor, u;(a), and her expected utility at the time the next preference shock occurs,
> i m;uj(a). The weight on the current utility increases with the rate of time preference, r,
and the rate of effective access to the market, a(1 — 7).

Using that T is distributed according to an exponential distribution with parameter o(1—

n), we can compute the second term of (8) recursively as the solution to the following HJB

equation:
rXi(a) = a(l =n)Vi(a) = Xi(a)] + A Z mi[Xj(a) — Xi(a)] (13)
where
Xi(a) =E; [e”"Vyry(a)] - (14)

Employing the same method used to solve (10), we obtain:

a(i—n) (I a(l - V(@) £ AT, 5 @)
Xila) = r+a(l—mn) r+a(l—mn)+ A\ ' (15)

It is a discounted weighted sum of maximum attainable lifetime utilities while matched.
When A, the rate at which a preference shock occurs increases, more weight is put on the
average value of being matched. When investors meet dealers more frequently or become
more impatient (increases in o and r), more weight is put on the value of being matched
with the investor’s current characteristics.

It follows that the expected discounted utility of the unmatched investor can be re-
expressed as below

Wi(a) = U;(a) + X;(a). (16)

The lifetime value of an unmatched investor is the sum of two components: the utilities an
investor enjoys while unmatched (first term) and the utility from being matched at a later

date (second term).

14



3.3 Asset Demands

We are now in position to obtain the demand for asset holdings of the matched investors.
Differentiate equation (16) to obtain the marginal benefit of an additional unit of the asset

for an unmatched investor:

W!(a) = Ul(a) + %1). (17)

It is the discounted sum of the marginal utility flows until the investor has access to a dealer
plus the expected discounted resale price. It represents the marginal value of the asset when
a matched investor is unmatched at rate 9§, hence why it enters the problem of a matched
investor. We substitute this expression into the first-order condition for the choice of asset

holdings given by (6) to obtain:

rp

TFall—n) Ui(ai)| - (18)

ui(a;) =rp+9
The optimal asset holdings are such that the instantaneous marginal utility of the asset is
equal to the rental price of the asset, net of a term that captures the cost of being temporarily
stuck with the asset when the trading relationship is severed at rate §. This cost is equal
to the difference between the expected resale price of the asset and the discounted sum of
marginal utility flows of that asset when the investor is unmatched. We substitute U(a)

obtained from (12) to rewrite the individual demand for assets as:

(r+a(l—=n)+A+0) (r+a(l —n)ui(a;) + oA, muj(a;)
(r+a(l=n)4+ N (r+a(l—n)+9)

= rp. (19)

The left side of (19) is strictly decreasing in a;, it goes to +oo as a; approaches 0 and to 0
as a; goes to infinity. Hence, there is a unique a; > 0 solution to (19) and it is decreasing in
the asset price, p.

We can use (19) to study the effects of the stability of trading relationships on asset

15



demands. It can be checked that the left side of (19) is a weighted average of the marginal
instantaneous utility, u;(a;), and the expected marginal utility, >, mju}(a;). The weight
associated with the current utility is decreasing in ¢ while the weight associated with the
expected utility increases with d. Hence, if uj(a;) > >_; mju}(a;), then an increase in § leads
to a decrease in asset demand and vice-versa if wj(a;) < >_; mjui(a;).

We can also check that the model admits as limiting cases both the model of LR and the
model of a frictionless asset market. Suppose first that 6§ — +o0, i.e., matches with dealers
are short-lived. From (19), the asset demand is given by

(r + a1 —n))ui(a;) + A3, mjuf(a;)
r+a(l—n)+A

= rp. (20)

This expression corresponds to the asset demand in LR. At the opposite, suppose that 6 — 0.

In that case, we obtain that

u;(a;) = rp. (21)

The asset demand is the one of a frictionless market where the marginal utility of the asset

is equal to its rental price.

3.4 The Holdup Problem

Trading relationships do more than simply mitigate search frictions for investors. The
nature of the repeated interactions between an investor-dealer pair partially solves a holdup
problem. To see this, consider an alternative environment where at Poisson arrival rate «,
investors obtain access to a technology that allows them to trade instantaneously when they
receive a preference shock, but with a different dealer for every trade. Suppose further that
the length of this access is exponentially distributed with mean 1/§. Clearly, an investor in
this economy faces exactly the same severity of search frictions as investors in the benchmark
model. Hence, any difference in asset holdings cannot arise due to differences in search

frictions. It can be checked that the optimal asset demands in this alternative environment
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can be obtained as the solution to°

(5 4+ A+ 0) kui(a;) + (OA + An(k + A)) D, mju(a:)
(k+ ) (k+04+ An)

=1rp (22)
where k = r 4+ a(l —n). Just as in equation (19), equation (22) is a weighted average of
current marginal utility and expected future marginal utility.

Definition 1 The severity of the holdup problem is given by the number h where

_(r+a+A+0)(r+a)
M et NG tato) ¥ (23)

and w s the weight that an investor puts on their instantaneous marginal utility in the asset

demand equation of a form comparable to (19) and (22).

Equation (23) tells us that the severity of the holdup problem is the difference between the
weight an investor would put on their current marginal utility in a world where dealers have
zero bargaining power (i.e. the weight from equation (19) when n = 0) and the weight the
investor actually chooses to put on their current marginal utility. Note that by definition,
the holdup problem is fully solved (i.e. h = 0) when dealers have zero bargaining power,
regardless of whether investors can form relationships or not.

If h is larger, the holdup problem is more severe since the investor underinvests by allo-
cating more weight to the average marginal utility instead of their instantaneous marginal
utility. This is exactly what Lagos and Rocheteau (2009) call liquidity hedging behavior: the
fact that investors choose more average asset holdings in order to limit the need for future

intermediation, given they will be ‘held up’ by future dealers.

6Note that this asset demand equation is obtained when the investor’s outside option in Nash bargaining is
the expected discounted lifetime value of being in the unmatched state, i.e. unable to trade when they receive
a preference shock. This is crucial to obtain comparable results to the case of relationships, since the outside
option of investors when they negotiate with their relationship dealer is W;(a), the expected discounted
lifetime value of being in the unmatched state. See Internet Appendix A for strategic foundations of this
outside option.
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The weights investors allocate to the instantaneous marginal utility are given by

r KK+ A+0)

PR (24)
NoR K(k+ A+0)
CESNCETESY) (25)

where w’ is the weight when investors can trade repeatedly with their relationship dealer and

No

where w™V°F is the weight when investors live in an economy where repeat trade is forbidden.

Proposition 2 The holdup problem is less severe when investors trade repeatedly with the

same dealer so that

hR:(r+a+A+5)(r+a) R<(r+a+/\+6)(r+a)_ NoR _ j NoR

(r+a+ AN +a+9d) — (r+a+MN)r+a+d)

(26)

Hence, relationships not only reduce search frictions, but also partially mitigate the holdup

problem due to the nature of repeated interactions.

3.5 Discounted Sum of Intermediation Fees

I now compute the intermediation fees incurred by investors in order to have access to a
trading relationship. Substituting (16), the value of an unmatched investor, into (5), the

HJB for a matched investor, and solving for V; yields that

B (k+ ) Zi(a;) [KA(K + A) + 6Aa(l —n)] Zj T Zj(a;)
i ka0 T G ENREAL) (T o) (27)
where
Zi(a) = wi(a) + 6Uy(a) — T(K—:é)pa. (28)

Hence, from (16) and (27) we obtain a closed form solution for the surplus of a match,
Vi(a) — Wi(a). Tt is equal to the difference between the value of being matched net of fees

and the value of being unmatched. Finally, the expected discounted sum of fees received by
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the dealer over the course of a relationship is:

rpa
®;(a) = n[Vi(a) = Wila)] = n | = — Ui(a) +
It is a constant fraction n of the total match surplus.

3.6 Distribution of Investors Across States

I now turn to the distribution of investors across states. I denote n™ the measure of
matched investors and n* = 1 — n'™ the measure of unmatched investors. In a steady state,
the flow of new relationships is an® while the destruction of existing relationships is on".

Hence, the steady-state measure of relationships is

n™ = . (30)

I adopt the notation n$; to denote the measure of investors with match status s € {u, m} who
hold a; and have preference type 7. Note that here I used the observation that in a steady
state all investors must hold assets corresponding to some preference type, i.e., the support
of the distribution of assets holdings is {a;}._,. Because matched investors can adjust their

asset holdings instantly,

ny = mn™ = i foralliel (31)
a+d

n?” = 0 forall j #1. (32)

Matched investors always hold assets corresponding to their preference type. Moreover,

the distribution of preference types across matched investors corresponds to the invariant
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distribution, {m;}/_,. Among unmatched investors, the laws of motion of nj; are given by:

Y = onfl —oml+Am; Y nl— M1 —m)ng forallieZ (33)
ki
n}‘z = A\ Zn}‘k — A1 —m) + af n}‘l for all j # 4. (34)
ki

At a steady state, nj; = n}; = 0. We can use the observation that }_, nj;, = m;n" to obtain:

" At ONT TS S

S Xta  Grars ol )
" dmn™ + Arin dam; + \om? ,

n = Y = Ot o) (@t for all 1 € 7. (36)

Hence, increases in 0 and \ increase the share of investors who are unmatched and have asset

holdings that do not correspond to their current preference type.

3.7 Market Clearing and Equilibrium

To characterize market clearing, it suffices to show that all assets must be held. Using
the fact that in equilibrium, asset positions of investors correspond to some preference type

1 € Z, it implies that market clearing requires

Znﬁai + Z ni;a; = A. (37)

i€l ijeT

The right side is the fixed asset supply. The left side of (37) is decreasing in p, from +o00
when p = 0 to 0 when p = +o00. Hence, there is a unique solution p to (37). We are now in

a position to define an equilibrium which can be characterized recursively.

Definition 2 A steady-state equilibrium of the OTC market with trading relationships is
the following list of objects, {a;}1_,, "% Gaoeqr,.n2sefmays {PiitGae(t,...n2, p, solution to
the following. Given the asset demands in (19), the market clearing condition, (37), gives

both p, and the support of the distribution of asset holdings, {a;}!_,. The distribution of
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investors across states is given by (31)-(32) and (35)-(36). Finally, the intermediation fees,
Q;; = ®;(a;), are obtained from (29).

3.8 Some Special Cases

Linear utility Suppose the flow utility from holding an asset is u;(a) = €;a with &1 < g9 <
... < g7. For this specification, we need to allow for corner solutions in the choice of asset
holdings. It is easy to show that only investors with the highest preference type will want

to hold assets, i.e., a; = ... = a;_1 = 0 and a; > 0. From (19), the asset price solves

CrH A+l =)+ [r+all —n)]er+AE
P= rir+A+al=n]r+a(l—n)+7d (38)

where & = Zj m;e;. Using that 7 > &, it follows that dp/0d < 0. So as trading relationships

become more stable, the asset price increases.

Logarithmic utility Suppose now that u;(a) = ¢;log(a). From (19), the asset demand of

a type ¢ investor solves

P A+ all =)+ ]+ a(l )]s +0AE
o Atal =l +a(l—n) +dlrp

(39)

It follows that da;/00 < 0 if ¢; > £ and positive otherwise. So, asset holdings become more

dispersed when trading relationships are more stable. From (37), the asset price solves

5
p= r_A (40)

The asset price is independent of all trading frictions. So, trading relationships affect the

volume of trade but not asset prices.
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3.9 Intermediation Fees and Trade Sizes

A key object of importance in this model is the endogenous intermediation fees charged
by dealers. These intermediation fees represent costs borne by investors to trade the asset,
thereby measuring in part how liquid the market is. This section studies how intermediation
fees are impacted by the size of a trade.

Differentiating (29), we obtain that

2y

Equation (41) tells us how an additional unit of the asset impacts the joint surplus (and the

discounted sum of fees) of a relationship. It can be insightful to express the above equation

3@55@ _, {p B (u,(a) (m + AE) . a(l; n)p)] ' (42)

k(K + A)

as below

Notice that the first term inside square brackets is simply the interdealer price. Examining
this term in isolation, we see that it positively affects the match surplus, since an increase
in the initial holdings of the investor, combined with their ability to instantaneously sell
their assets on the interdealer market, increases their total wealth. The next two terms
in parentheses represent the expected discounted marginal utility of holding the asset as
an unmatched investor until the next effective meeting with a dealer, plus the expected
discounted resale price at that time. This term corresponds exactly to the marginal value of
the asset in the model of LR, i.e., when § — +o00. This term can also be interpreted as the
marginal threat point of an investor in the case where an agreement is not reached with the
dealer; They hold the assets that they have until they find another match. It follows that
the slope of the joint gains from trade, as a function of the investor’s asset holdings, depends
not on how far their portfolio is from the pairwise desired asset demands, but rather on how
far it is from the theoretical asset position of a one-time spot transaction (denoted by af)

which solves equation (20).
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Proposition 3 Consider an investor with preference type i € Z who has initial asset hold-
ings a > 0 when forming the relationship. Then 0®;(a)/0a has the same sign as a — af.

Hence, the discounted sum of fees can be non-monotone in trade size.

The implication of Proposition 3 is that, counterintuitively, an investor who meets a dealer
and has an initial asset position that is suboptimal to hold during the relationship potentially
stands to gain [ess than an investor who forms a relationship with a current portfolio identical
to the one the investor-dealer pair would choose in the efficient contract. The key intuition
being that an investor’s gains from trade are always relative to their outside option. So,
if their outside option is strong, the gains from trade are lower. Consider an investor who
meets a dealer and has preference type ¢ and asset holdings a;. This investor has the desired
asset holdings for being unmatched. Comparing this investor’s gains from trade with those
of an investor who has any other possible portfolio we find that the investor holding af, the
LR portfolio, has a lower surplus if

Vi(a) = Wila) > Vi(a7) — Wi(a7). (43)

)

Using the linearity of V;(a), the inequality (43) simplifies to the following relation

Wi(a) — pa < Wi(a3) — pas3. (44)

)

After using the fact that

a3 = argmax {W,(a) — pii) (45)

it is clear that the inequality (43) always holds. Thus, the investor with the least gains from
forming a relationship is the one whose portfolio coincides exactly with the asset demands
in LR. Figure 1 illustrates this point.

Panel 1(a) plots the discounted sum of fees paid by an investor with preference type i such

that ¢; < € for all possible initial asset holdings. Panel 1(b) plots the identical exercise with
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Figure 1: Discounted Sums of Fees and Initial Asset Holdings

Notes. This figure plots the discounted sum of fees against initial asset holdings for a low preference
type investor in the left panel and a high preference type investor in the right panel. The “starred”
points correspond to the instances where an investor forms a relationship but already has her
desired asset holdings. The blue circles correspond to contracts where the initial trade is a sell
transaction, whereas the diamonds correspond to cases where the initial trade is a buy transaction.
This numerical example uses the following parameter values: § = 1, « = 3, r = 0.05, A =
100, n = 0.25, A = 1, u(a) = a'=?/(1 — ), 0 = 10. There are I = 50 preference types with
g = G10.05+0.9(i — 1)/(I — 1)) and m; = 9(gi)/ >_; 9(e;) where G((,1,0) is the cumulative
distribution function for a Generalized Pareto random variable with shape parameter { = 0.159,
scale parameter normalized to 1 and location parameter normalized to O.

instead an investor whose type is such that ¢; > €. The area called ‘Region 1’ corresponds
to contracts where a; < a < af, for Panel 1(a), and a < a < a;, for Panel 1(b). This region
corresponds to cases where an increase (decrease) in the initial trade size, and therefore total
quantity traded during the relationship, leads to a decrease (increase) in the discounted sum
of fees paid. To see this, consider the case where an investor’s current preference type is
larger than the average valuation, i.e., Panel 1(b). It can be easily verified that a < a;.
Using this fact in conjunction with Proposition 3, if a] < a < q; it follows that an increase
in a results in a decrease in the initial trade size |a; — a| but an increase in the gains from
trade since 09;(a)/da > 0, provided that a stays less than a;.

Conversely, “Region 2”7 corresponds to investors who form relationships with dealers where
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an increase (decrease) in their initial asset holdings, and therefore increase (decrease) in their
initial trade size, leads to an increase (decrease) in the discounted sum of fees. In LR, the
fees are a constant fraction of the gains from trade which themselves are a strictly convex
function of trade size. As a result, only Region 2 exists in LR (see Figure 2), whereby an
increase in the quantity of assets traded increases the gains from trade. The implication
of these mechanics is that larger transactions pay larger intermediation fees both raw and

per-unit. Hence, a trade-size premium always exists in that canonical model.
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(a) Investor of type €1 in LR (b) Investor of type €50 in LR

Figure 2: Fees and Initial Asset Holdings in Lagos and Rocheteau (2009)
Notes. This figure plots the intermediation fees against initial asset holdings for a low preference
type investor in the left panel and a high preference type investor in the right panel. The same
parameters as those used in Figure 1 were used for this figure. The only exception being that §
was taken to +oo.

The non-monotonicity in the discounted sum of fees as a function of the quantity of assets

traded also manifests itself for per-unit fees in this model. We can define

A A2
Qz(a) = |CLZ' — (l| + )\——I—(S ;ﬂ'ﬂaj — CLi| + m ;Wj;ﬂ'k’ak — aj| (46)

as the expected total quantity traded by an investor of preference type ¢ and initial asset

holdings a throughout the course of a relationship. So, the investor pays ®;(a)/Q;i(a) per
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unit of the asset that they trade during the entire relationship.

Proposition 4 Consider an investor with preference type i € T who has initial asset hold-
ings a > 0 when forming the relationship. If e; < € and a; < a < af then 09;(a)-Q;(a)™!/0a
has the same sign as a—as. Ife; > & and ai < a < a; then 0%;(a)-Q;(a)™'/da has the same
sign as a — a;. Hence, the per-unit discounted sum of fees can be non-monotone in quantity

traded.

It can be difficult to sign 0®;(a)-Q;(a)~!/0a in the cases where initial asset holdings do not
lie within the range delimited by the desired relationship and spot asset demands for a given
preference type.” However, when the initial asset holdings lie within this specified range, if
e; is greater (less) than Z, an increase in the initial asset holdings reduces (increases) the
initial trade size and the total amount of assets traded during the relationship, but increases
(decreases) the fees per unit. Therefore, a relationship quantity discount can exist between
investors with identical preferences but different initial portfolios. Some investors who trade
larger quantities pay lower fees per unit of the asset traded when aggregating over the entire
length of the relationship. Figure 3 illustrates this relationship.

The first clear observation from Figure (3) is the asymmetry in the relationship between
per unit transaction costs and the total quantity traded for investors whose initial trade is
a purchase (diamonds) versus those whose initial trade is a sale (circles). This theoretical
relationship has been known since Lagos and Rocheteau (2006). This difference in slope
between initial buys and initial sells is closely linked to the concavity of the utility function.
Consider an investor such that ¢; < €. If their initial trade is a buy transaction, it means
that their initial asset holdings was below the desired target, a;, and vice versa for an initial
sale. But in this case, even if the two trades are of identical size, the buy transaction moves
the investor from an extreme position to a more average one, while the sell transaction moves

the investor from a more average position to a more extreme one. Since the investor is risk

"Note that the inequalities in Proposition 4 are subtly different.
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Figure 3: Intermediation Fees and Quantity Traded
Notes. This figure plots the discounted sum of fees against total quantity traded during a relation-
ship for a low preference type investor in the left panel and a high preference type investor in the
right panel. Diamonds indicate initial buy trades while circles indicate initial sell trades. The same
parameters as those used in Figure 1 were used for this figure.
averse, she values not being stuck in an extreme position more than being stuck in an average
position, hence the difference in slopes.

The second important observation in Figure 3 is the non-monotonicity of the per unit
transaction costs for the initial sell (buy) trades if ¢; < £ (¢; > ). In either panel of Figure
3, we see that if the total quantity traded is small enough and if the direction of trade is
the same sign as €; — ¢, then per unit transaction costs decline as the quantity of trade rises.
This is what I call the relationship quantity discount.

The intuition behind these results warrants a discussion on precisely what it is investors
value. In LR, investors have a target asset holding and value not deviating too extremely
from this target. The farther the deviation from the target holding, the larger the trade size
and the larger the gains from trade. Hence, it appears as if investors value large transactions
more than small ones, since large transactions help investors avoid extreme deviations. The

insight this model delivers is that what investor’s truly value is access to the centralized

market. In an environment plagued by search frictions, investors value being able to buy or
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sell assets when they are hit with liquidity shocks. The investors who value access the most
are the ones whose asset positions would be extreme for a spell as an unmatched investor.
But these investors need not be the ones who transact in larger quantities. Hence, it is the
trading relationship that has value, not the trade size.

Note that the relationship based discounts in the model are a function of differences in the
asset holdings of investors, not on differing relationship durations. These results indicate that
the relative bargaining position of investors is, in itself, an important factor that determines

relationship transaction costs.

3.9.1 Per-Trade Intermediation Fees

It is possible to write the bargaining problem of an investor-dealer pair on a per-trade
basis, as opposed to a long-term contract with commitment. Internet Appendix A details
this approach for the interested reader. Per-trade fees are of significant importance, as they
resemble more closely a spread charged by dealers. While the discounted sum of fees may
be difficult to observe empirically, per-trade fees are generally directly observable: they are

the markup charged by dealers over their acquisition cost of the asset.

Proposition 5 An investor in a relationship who receives a preference shock i € I and has

asset holdings a; > 0 pays ¢;(a;) for the trade where

¢i(a;) = Pi(a;) — ﬁ Zm@k(ai). (47)

From equation (47), we see that the per-trade fee for an investor with preference type
¢ and asset holdings a; equals exactly the difference between the discounted sum of fees
an investor-dealer pair would negotiate now and the expected discounted sum of fees they
would negotiate the next time a preference shock occurs in the relationship. As the latter
increases, the relative bargaining position of the investor improves, since the potential gains

from trade for the dealer increase, and the current per-trade fees decline. The analysis in
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this subsection is concerned with how the per-trade fees behave as a function of trade size.
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Figure 4: Per-Trade Intermediation Fees and Trade Sizes
Notes. This figure plots the per-trade intermediation fees against trade size for a low preference
type investor in the left panel and a high preference type investor in the right panel. The diamonds
indicate buy transactions while the circles indicate sell transactions. The same parameters as those
used in Figure 1 were used for this figure.

Figure 4 shows that d¢;(a)/0|a; — a| has the same sign as a — af (see Internet Appendix
A for the proof). So, the same explanation used for the discounted sum of fees also holds
here: small transactions can still have large gains from trade if they maintain a valuable
relationship. However, one key difference with the per-trade fees is that they can be negative.
When investors form relationships with dealers, certain trades will be subsidized (sold below
marginal cost), with that subsidy being financed by future intermediation fees received later
in the relationship.

We can treat equation (47) as an identity. It tells us that the discounted sum of fees
a dealer receives from an investor during the relationship equals the initial per-trade fee,
which depends on the investor’s preference type and asset holdings, plus some expected
future profits that depend only on the new asset position of the investor. From here, it
is easier to see which trades dealers subsidize. A dealer is willing to sell (purchase) assets

below (above) the interdealer price if the expected future profits to be received from the
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investor are large. The left panel of Figure 4 shows an investor with a low preference type.
From the dealer’s perspective, this constitutes a valuable relationship since the current target
asset position is extreme. Therefore, the next time the investor needs to trade, they will
have large gains from trading that can then be exploited by the dealer. As a result, a large
number of trades for the low-preference type investor are subsidized. In contrast, the right
panel of Figure 4 shows the same theoretical relationship with an average preference type
investor. The future benefit to the dealer of forming this relationship is small, and as a
result, the dealer does not subsidize many of this investor’s trades. More formally, per-trade
intermediation fees are negative if the fraction of the joint surplus from trade that a dealer
appropriates from the current transaction is less than the future expected discounted sum of
fees to be received. Hence, if the joint surplus from a particular transaction is small but the
future value of that relationship is large, the dealer will subsidize the trade for the investor.
The intuition behind these results is consistent with the notion of inter-temporal competi-
tion described in Bernhardt et al. (2005). While a dealer does not face any competition for a
current trade, there is a threat of losing all future business with the investor if an agreement
is not reached. It is precisely this threat that gives rise to the price concession by the dealer.
Bernhardt et al. (2005), Edwards, Harris, and Piwowar (2007), and Li and Schiirhoff (2019)
also document that negative transaction costs are prevalent for a fraction of dealer trades.
This model rationalizes these empirical results by showing that negative transaction costs
are part of a larger contract with a non-negative discounted sum of intermediation fees.
When looking at per-trade, per-unit fees, the model predicts a positive cost-size relation-
ship. In general, this relationship can be either convex or concave in trade size. This differs
from LR where per-unit fees are always convex in trade size. Fixing an investor in this
model, while larger individual trades are more expensive per unit, they can increase at a

decreasing rate.
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Figure 5: Per-Trade Per-Unit Intermediation Fees and Trade Sizes
Notes. This figure plots per-trade per-unit fees against trade size and uses the same parameter
values and shows the same investor preference types as in Figure 4. Diamonds indicate buy trades
while circles indicate sell trades. Note that ¢;(a;)/|a; — a;| is not well defined, so these types of
transfers between agents cannot be plotted on a per-unit basis. More discussion on these particular
transactions are delayed to Section 3.9.3.

3.9.2 On the Relation to Empirical Evidence of Trade Size Discounts/Premiums

Pinter, Wang, and Zou (2024) analyze trades in the U.K. government bond market and
find the existence of a trade size discount in the cross section.® However, after controlling
for client identities, they find that a trade size penalty exists for any given client. In this
model, there are two main sources of heterogeneity. First, there are what can be described
as permanent characteristics, i.e., the relationship destruction rate, the meeting rate, arrival
rate of preference shocks, and the rate of time preference. These permanent characteristics
are the same for all investors. Second, there are the transient preference types of investors.
To “fix” a client identity in the model corresponds to keeping their permanent characteristics
constant in addition to their transient preference types. In other words, I want to compare an

individual investor across trades of different sizes, fixing both their permanent characteristics

8This finding is consistent with papers using earlier US bond data such as Edwards, Harris, and Piwowar
(2007), Bessembinder, Maxwell, and Venkataraman (2006) and Harris and Piwowar (2006) in addition to
similar results of a trade size discount in other financial markets such as in Bernhardt et al. (2005).
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and their preferences for the asset. The analogue to Figure 1 from Pinter, Wang, and Zou
(2024), which documents the cost-size relationship in both the cross section and the within-

client time series, is recreated in Figure 6.
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Figure 6: Cross-Sectional Distribution of Per-Unit Fees and Trade Sizes
Notes. The left panel plots per-trade per-unit fees against trade size in the cross section and the
right panel plots the same exercise for the within-investor correlation. The figure was obtained with
parameter values § = 1, @ = 0.1, 7 = 0.05, A\ = 5, n = 0.05, A = 1, u(a) = a7 /(1 — o), 0 = 5.
There are I = 15 preference types with ¢; = G=1(0.05+0.9(i —1)/(I — 1)) and m; = g(&;)/ > 9(5)
where G((,1,0) is the cumulative distribution function for a Generalized Pareto random variable
with shape parameter ( = —1, scale parameter normalized to 1 and location parameter normalized
to 0. Since equilibrium transactions can occur at different rates, I weight each potential individual
trade by its relative frequency of occurrence. The computation of the regression lines are described
in more detail in Internet Appendix B.

As with LR, the benchmark model does not match the cross-sectional cost-size relation-
ship, but is able to match the within-client correlations. To reconcile this difference, and as
is described in greater detail in Hugonnier, Lester, and Weill (2025), we need to allow for ex-
ante heterogeneity in the permanent characteristics of investors in addition to the temporary
heterogeneity in preferences. To do this, I consider an augmented version of the benchmark
model where investor’s permanent characteristics are allowed to differ across multiple di-
mensions. The augmented model is described in greater detail in Internet Appendix C, since

the solution method and equilibrium objects remain near identical to the benchmark model.
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Figure 7 reports these results.
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Figure 7: Cross-Sectional Distribution of Per-Unit Fees and Trade Sizes
Notes. The left panel plots per-trade per-unit fees against trade size in the cross section and the right
panel plots the same exercise for the within-investor correlation. Both panels use an augmented
model with additional ex-ante heterogeneity of investors. There are 2 types of investors of equal
measure. Both types of investors have a = 0.1, » = 0.05, A = 5, u;(a) = ;' °/(1 —0), 0 = 5.
There are I = 15 preference types with ¢; = G=1(0.05+0.9(i —1)/(I — 1)) and 7; = g(e;)/ > 9(5)
where G((,1,0) is the cumulative distribution function for a Generalized Pareto random variable
with shape parameter ( = —1, scale parameter normalized to 1 and location parameter normalized
to 0. Type I investor’s have § = 1 and 1 = 0.05 while Type II investors have § = 10 and n = 0.99.
The supply of assets is A = 1. The computation of the regression lines are described in more detail
in Internet Appendix B.

The augmented model is able to match the cross-sectional and within-client cost-size
relation. Here, ‘Type I’ investors have strong relationships and high bargaining power,
whereas ‘Type II’ investors have weak relationships and low bargaining power. So, there
exists a group of investors with small trade sizes and high fees, and vice versa for the second
group. This illustrates precisely the benefit of having more granular trade data, that is, at
the client level. A seemingly downward sloping cost-size relationship may in fact be upward
sloping.

However, this model delivers an additional insight with respect to the cost-size discussion.

What does it mean to look at these trades in isolation when investors form relationships

with dealers? The terms of trade negotiated by an investor-dealer pair for each transaction
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are determined with the expectation of engaging in future trades later in the relationship.
In other words, the per-unit transaction costs that an econometrician would observe for a
particular investor through time are correlated with each other. A low, or even negative,
fee today may only be possible if future fees are high. Hence, while observing the cost-size
relationship for individual trades is useful, a more informative measure of the relationship
between transaction costs and trade sizes would be as in Figure 3. That is, how does the
quantity of assets traded over the course of a relationship impact the per-unit discounted

sum of fees. The empirical conjecture of this model is that this relationship is non-monotone.

3.9.3 The Value of Non-Trade Services

When an investor and a dealer negotiate a long-term contract upfront, the key object of
importance is the discounted sum of fees, i.e., how the total gains from trade throughout the
relationship will be split. However, the way in which they are paid is indeterminate. Both
parties are indifferent to any number of payment schemes (lump-sum, flow payment, etc.) as
long as the expected discounted sum of fees remains the same. When the bargaining is done
over each trade during the relationship, we are able to pin down what is the net transfer
for each transaction from the investor to the dealer. We obtain that their are transfers that
are directly attributable to trades, all ¢;(a;) where i # j, and transfers that are non-trade
related, ¢;(a;). I provide two interpretations for these non-trade related fees.

Since investors and dealers effectively agree on a discounted sum of fees, we can generate
a payment scheme where each non-trade fee is rolled over to the next transaction. Thus, one
interpretation of the non-trade transfers is as future discounts or premiums the investor will
receive on transactions of positive size.

Alternatively, we can think of these non-trade transfers as goods or services that are both
costly for the dealer to produce and are beneficial to the investor. Chaboud et al. (2022)
document that investors in the US Treasury market value non-execution related services from

their long-term relationship counterparties. These non-trade relationship benefits include
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services such as financing and information about market conditions. Hendershott, Li, et al.
(2020) use a reduced form approach to model these benefits and interpret them as what they

call “soft-dollar and non-monetary transfers”.
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Figure 8: Non-Trade Transfers
Notes. The figure plots transfers from investors to dealers that are not associated with trades.
The y-axis is the transfer amount in units of the numéraire good and the x-axis is an investors
preference type i € Z.

Since the fees are expressed as a transfer from the investor to the dealer, a larger negative
fee is more favorable for the investor. Figure 8 shows that the investors who benefit the
most from non-trade transfers are the ones with extreme preference types. Relationships
with these investors are valuable because their expected discounted sum of fee payments is
large. When they change preference types, they will be stuck with an extreme asset position
and will have large gains from trading that the dealer can extract rents from. Therefore,
dealers give these investors larger non-trade transfers to maintain the existing relationship.
Note that the non-trade transfers are time-varying; they change according to the investor’s
preference type. This is in line with evidence from Di Maggio, Kermani, and Song (2017)
that documents the time-varying importance of trading relations. While it may be difficult
to observe or quantify these non-trade services, they are a crucial aspect of the cost-size
relationship in OTC markets. Not accounting for non-trade services that investors receive

from dealers does not incorporate a key benefit of long-term trading relations.
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3.10 Liquidity Measures

To help gauge market liquidity in the model, I look at multiple dimensions of liquidity

such as trade volume and transaction costs. The measures used are discussed below.

Trade Volume Investors can be classified as either mismatched or not with respect to
their portfolios. Mismatched investors have assets that are not in line with their preference
type. In contrast, investors who are not mismatched are satisfied with their current asset
holdings. In addition to trading contingent on a preference shock, mismatched investors will
also engage in realignment trades upon forming a relationship. Thus, volume of trade can

be expressed as

V:aZn}‘i\ai—aﬂ—i—)\Zn?Zﬂj]&j—ai]. (48)
Y]

/[:7.].
It is the sum of two components. The first is the sum of all realignment trades and the second

is the trading that takes place due to the arrival of preference shocks while in a relationship.
Proposition 6 Let u;(a) = g;1log(a), then OV /05 < 0 and 9*V/95* > 0.

When relationships are less stable, not only are there fewer investors who are able to trade,
but the ones who do transact do so in smaller quantities. These two effects taken together

imply that trading volume is a decreasing and convex function of relationship instability.

Effective Spread I use trading costs paid per unit of asset traded to more closely resemble
a bid-ask spread that one might observe in financial markets. Note that the per-unit price
of a transaction can be expressed as

¢i(a;)

ai—aj

Pi=p+ (49)

which equals an ask price if a; > a; and a bid price if a; < a;. Hence, the per-unit interme-
diation fees represent deviations from the midpoint (interdealer) price and are a measure of

transaction costs borne by investors. We can compute the effective spread, which weights the
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individual intermediation fees paid per unit of asset traded by the fraction of total volume

an investor accounts for. The effective spread is computed as

v ATn™) la; — a;
S = ZZ i a] Omﬂ + 7Tn]]) ’a a; (5())

PRy |a; — a]\ v
and represents a volume-weighted measure of transaction costs for investors.
Proposition 7 Let u;(a) = €;a, then 0S5/ > 0.

Proposition 7 shows that the effective spread increases as relationships become shorter
lived for the special case of linear preferences. Fully stable relationships (i.e. when § = 0)
always result in the lowest possible effective spread. For more general preferences, it is harder
to show that dS/00 > 0 given both the concavity of the utility function and the general
equilibrium effects through the inter-dealer price. However, numerical examples with CRRA
utility show that spreads can be either increasing, decreasing, or non-monotone with respect

to relationship instability (see Figure 9).

0.02 0.024 0.018

=)
=)
=

Effective Spread
(=]
2 =
Effective Spread

0.016
0.023

0.014
0.005 F
0.022
0.012

0.5 1 15 2 2.5 3 0 0.5 1 15 2 2.5 3 0 0.5 1 15 2 2.5 3
1 4 0

Effective Spl‘(,dd

(a) Increasing Effective Spread (b) Non-Monotone Effective Spread  (c¢) Decreasing Effective Spread

Figure 9: Effects of a Change in Relationship Stability on Effective Spreads
Notes. The figure plots the effective spread as a function of § for three different collections of
parameter values. The shared parameter values between the three panels are r = 0.05, A = 2.5,
n=0.25, A =1, u;(a) = &;log(a). There are I = 15 preference types with &; = G=1(0.05 + 0.9(i —
1)/(I =1)) and m = g(&;)/ 3, 9(€;) where G((,1,0) is the cumulative distribution function for a
Generalized Pareto random variable with shape parameter (, scale parameter normalized to 1 and
location parameter normalized to 0. The left panel has a = 1 and ( = —1. The middle panel has
a = 0.025 and ( = —1. The right panel has a = 0.01 and { = —2.
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There are multiple effects at play that generate the non-monotonicity in spreads. I use
logarithmic utility in the numerical examples to shut down the effects of frictions on the
interdealer price and allow us to focus solely on the other key channels. First, a decrease
in relationship duration decreases trade sizes. Investors put more weight on their average
preference type when choosing a position as relationships are shorter-lived. This type of
liquidity hedging reduces trade sizes and increases per-unit trading fees, holding other things
constant. Second, a change in relationship stability induces two distinct effects on the per-
trade intermediation fees. Shorter-lived relationships reduce the surplus of an investor; the
investor has larger gains from trade the longer the duration of her access to the inter-dealer
market. So, reducing the length of the relationship improves the bargaining position of the
investor as her lifetime utility if an agreement is reached nears her outside option. Holding
other things constant, this effect decreases per-unit fees. However, shorter lived relationships
also reduce the expected discounted future profits of dealers. These future profits fall since
both the investor’s future gains from trade and the probability that the relationship will
survive both decrease. If future profits fall, dealers need to be compensated more in the
current transaction. Hence, this effect pushes per-unit fees up. In general, if the dealer’s
future profits fall more slowly than the investor’s gains from forming the relationship, the
investor’s bargaining position improves, and her per-trade fees decline as relationships are
shorter-lived. Lastly, an increase in § also affects the volume weights, which gives more

importance to those investors who trade more.

4 Free Entry of Dealers

In this section, I am concerned with understanding how relationship stability impacts a
dealer’s decision to make markets. I assume that the rate of contact of investors varies
with the amount of dealers currently active in the market. Specifically, denote «a(v) as

the (endogenous) rate at which investors form relationships that critically depends on the
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measure v of active dealers. This formalization is adopted from Lagos and Rocheteau (2007).
[ assume that lim, o a(v) = 0 and lim,_,,, a(v) = co. Furthermore, dealers must pay a flow
cost 7 to operate in the market. The remaining characteristics of the environment remain
unchanged from Section 3.

Denoting dealer profits per unit time as I' = (a(v)/v) - > ni;®Pi(a;) — v, the free entry
condition implies that I' = 0. A particular dealer is contacted at rate a(v)/v and earns
> i;®Pi(a;) on average. The difference between dealer revenues and their operating cost,

v, must be zero in equilibrium.

=1 = 0.333
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(a) Dealer Profits for Varying ¢ (b) Dealer Profits for Varying n

Figure 10: Multiplicity of Equilibria
Notes. The left panel plot per-dealer profits as a function of the measure of active dealers for three
different values of §. The right panel plots the same exercise for three different values of n instead.
These graphs were obtained with the subsequent parameter values: u;(a) = ¢;log(a), r = 0.1,
n=050=2A=1,A=1,7, =0667, 7y =0.333, e =1, ey = 4, a(v) = 5%, v = 0.16.

Relationship stability affects the number of steady-state equilibria. For example, when
relationships are short lived (high §), there can exist a unique ‘low liquidity’ equilibrium
that is characterized by a small number of dealers present in the market, low degrees of asset
dispersion, low volume of trade, and high transaction costs. The high rate of relationship de-
struction does not provide dealers with enough incentive to participate. Instead, few dealers

enter and capture the limited amount of fees investors pay for short-lived relationships.
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As relationships are rendered more stable (decrease in ¢), multiplicity of equilibria appears.
A larger measure of dealers has two effects. First, it reduces the probability a dealer will be
contacted by an investor which tends to decrease per-dealer profits. Second, an increase in
v causes an increase in the rate at which investors contact dealers. This causes investors to
choose larger portfolio sizes which tends to increase fees, via larger gains from trade, resulting
in higher per-dealer profits. These two opposing effects generate the non-monotone behavior
of dealer profits giving rise to multiple equilibria: a low-liquidity, intermediate-liquidity, and
high-liquidity state. When the measure of active dealers is low, the first effect dominates.
As the measure of active dealers becomes larger, investors respond by trading in larger
quantities, and the second effect starts to dominate. Ultimately, the growth in investor’s
trade sizes begins to diminish and the first effect dominates, bringing dealer profits down
again. Moving from low to high liquidity equilibria, we find increases in the measure of active
dealers and trading volume and reductions in trading costs.

In a market where relationships are long-lived, the uniqueness of equilibria is recovered but
with more favorable liquidity properties compared to the unique equilibrium under short-
lived relationships. It is characterized by high trading volume and asset dispersion, a large
number of dealers, and low trading fees. Since trading relationships are long lived, investors’
gains from entering a relationship are large. Accordingly, many dealers enter to capture the
existing profits. In this way, relationship stability is both a tool that incentivizes dealers to
make markets, and a mechanism that can be used to coordinate on higher liquidity equilibria.

The multiplicity of equilibria can be understood intuitively as arising from beliefs about
others’ actions, consistent with the adage that ‘liquidity attracts liquidity’. If a particular
dealer believes that many dealers will enter, their best response may be to enter as well.
Conversely, if their beliefs are more pessimistic about dealer entry, their best response may
be to not enter either. Longer lived trading relationships resolve this coordination problem

by increasing dealers’ expected revenues, thereby eliminating the lower liquidity equilibria.
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5 Spot Trading and Relationship Trading

To account for the possibility of non-relationship investor-dealer trades, I assume that
investors receive relationship formation opportunities at Poisson arrival rate «;, as before, but
also receive the opportunity to engage in one-time, spot transactions with dealers at Poisson
arrival rate ag. I allow for dealers to have different bargaining powers for relationship and
spot trading arrangements which I denote 7 and 7, respectively. This model setup captures
the idea that investors have more than one way in which to trade.® Since many derivations
are identical in nature to those of Section 3 (up to the addition of some new parameters to

describe spot transactions) they are provided in Internet Appendix D.

5.1 Bargaining Problem (Spot Transactions)

Spot trades are formalized in a similar fashion to relationships with two important dif-
ferences. First, the assets acquired by a dealer on behalf of the investor will be a one-time
acquisition, not an asset path. Second, the intermediation fee paid to the dealer will be a
one-time fee, not a discounted sum of fees. I assume that the generalized Nash bargaining
solution is used.

An investor’s surplus from spot trading is the capital gain on her lifetime utility net of the
price she pays to readjust her portfolio. The capital gain is given by W;(a) — W;(a), where a
denotes her new asset holdings, and the price she pays for the readjustment is p(a—a)—¢?(a),

where ¢ (a) is the one-time intermediation fee the dealer receives for a spot transaction. The

9There often exists parallel markets for many assets: an OTC style market where relationships prove to
be important and a Limit-Order-Book market where trading occurs all-to-all with anonymity. See relevant
evidence in the market for corporate bonds (Hendershott and Madhavan (2015)), treasury securities (Barclay,
Hendershott, and Kotz (2006)), and foreign exchange contracts (Holden et al. (2021)). Alternatively, we could
view this setting as a single OTC market where a certain number of dealers are willing to form relationships
(core) and other dealers prefer to only engage in spot transactions (periphery).
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outcome of bargaining is given by

af = arg max{W;(a) — pa} (51)
i (a) = ns[Wi(ai) — Wia) — p(a; — a)]. (52)
where af denotes an asset position acquired from a spot trade. An investor chooses a portfolio

that equates the marginal value of being unmatched to the price of the asset. Fees paid to

the dealer are a constant fraction ny of the surplus that is created from trade.

5.2 Spot Trade Asset Demands

I now turn to the determination of asset demands by investors in spot trades. From (51)

the first order condition for spot trade asset demands is given by
W!(@) = p. (53)

It equates the marginal benefit of holding the asset as an unmatched investor to the inter-
dealer price. Differentiating W;(a), whose equation can be found in Internet Appendix D,

and substituting the result into (53) yields the following asset demand equation

[r+a(l —n) + as(1 —ns)lui(a) + A2, mul(a)
Ar+a(l—n)+ a(l —mns)

=1p. (54)

Noticeably, ¢ does not appear in (54). It implies that relationship stability only affects the
spot trading asset decision through potential effects via the interdealer price, p. Whereas
increasing 0 means putting more weight on future marginal utilities for relationship trades,
it has no effect on the marginal benefit for spot traders. The only parameters that affect
how much weight is allocated to current versus future marginal utilities are the bargaining-
adjusted arrival rates of trading opportunities, a(1 — 1) and as(1 — 7y), the rate at which

preference shocks arrive, A\, and the rate of time preference, r. An important determinant
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of market liquidity will be how different the portfolios chosen by spot traders are from the

portfolios chosen for relationship trades.

5.3 Transaction Costs

I distinguish between measures of transactions costs used for relationships and spot trades
to compare both types of trading arrangement. In particular, 8" denotes the effective spread
for relationships while §° is the analogous measure for spot transactions. Both measures are
defined in Internet Appendix D. I will examine 2 different ‘regimes’ which differ in the
intensity of preference shocks. Regime 1 is such that investors rarely receive preference
shocks with A = 0.01 while Regime 2 resembles a market where investors change preference
types frequently with A = 100. For example, we can think of Regime 1 as the market for
municipal bonds, which trade infrequently, and Regime 2 as the market for treasuries or other
types of fixed income that trade more often. Note that these regimes are non-exhaustive,
they simply help to illustrate the intuition.

As relationships become increasingly volatile, trading costs per unit of asset traded for
both spot trades and relationships converge to the same level as long as o = o and n = ;.
The intuition being that in the limit as 6 — oo, relationships are so short-lived that they are
not different from spot trades. The next important observation is with respect to the levels
of spot fees and relationship fees. We see that the effective spread for relationships is larger
than the one for spot trades in Regime 1, but the order is reversed in Regime 2. Higher values
of A\ tend to be more beneficial for the relationship investor, holding other things constant,
because they increase the future value of the relationship by making subsequent trades more
likely to occur. This improves the bargaining position of the investor as the potential gains
from trade for the dealer increase. Of course, more frequent preference shocks also drive
the investor to choose more average asset holdings, which tends to decrease the gains from

trade.!?

ONote that if n = 1, an investor would always prefer to form trading relationships if given the choice,
since by design they are a superior trading technology.
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Figure 11: Effective Spreads Conditional on Trading Arrangement

Notes. The figure plots the effective spread for spot trade (dotted line) and the effective spread for
relationship trades (solid line) as a function of ¢ for two different regimes (left panel and right panel).
The parameter values for either panel are: u;(a) = €;a'=/(1 — o), r = 0.05, n = 0.5, n, = 0.5,
A=1,a=10, as = 10. There are I = 15 preference types with e; = G=1(0.05+0.9(i — 1) /(I — 1))
and m; = g(ei)/ >_; 9(g;) where G(¢,1,0) is the cumulative distribution function for a Generalized
Pareto random variable with shape parameter ( = —1, scale parameter normalized to 1 and location
parameter normalized to 0.

The third observation is that the slope of spot trading fees per unit of asset traded can
be either positive or negative as a function of relationship instability. This is driven by the
fact that as preference shocks are increasingly frequent, relationship portfolios will approach
those levels of spot portfolios, since investors’ asset demands in both types of trading ar-
rangement will be more heavily impacted by the average marginal benefit of holding the
asset. As a result, the gains from trade from a spot transaction will be lower, on average,
since the portfolio of a mismatched investor will likely already be close to the desired level
for a spot transaction. When preference shocks are frequent, an increase in the arrival rate
of destruction shocks reduces the gains from trade of a spot transaction, and hence the in-
termediation fees, more quickly than it reduces the quantity of assets traded. This causes

spot trading fees per-unit of asset traded to fall as relationships are rendered more unstable.

Lastly, we see that the non-monotonicity in conditional spreads can translate into market-
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Figure 12: Market-Wide Effective Spread

Notes. The figure plots the market-wide effective spread as a function of § for two different regimes
(left panel and right panel). The same parameter values from Figure 11 are used here.

wide measures as well. In the left panel of Figure 12, when ¢ is small, most trading volume
comes from relationship traders, as their are few unmatched investors. Therefore, the shape
of the market-wide measure is dominated by the shape of the relationship effective spread.
However, as we saw in Section 3, the effective spread for relationships can be non-monotone
as a decrease in the duration of relationships impacts the relative bargaining positions of

investors and dealers at different rates.

6 Endogenous Relationships

The fact that investors form finite trading networks suggests that relationships are costly
to form and maintain (Hendershott, Li, et al. 2020). I formalize this notion by assuming that
the duration of a relationship is a function of the effort expended to maintain it. Specifically,
relationships terminate at Poisson arrival rate d(e) where e € [0,1] denotes an investor-

1'11

dealer pair’s effort leve Exerting effort e incurs a flow cost of x(e). I assume that

UErom the point of view of the theory, who pays the effort cost is not important for the choice of asset
holdings and effort levels since the outcome from Nash bargaining will maximize the joint surplus from trade.
Hence, the pairwise decision for the asset and effort paths will be the same regardless of who expends effort
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lim.,; x(e) = oo and x(0) = 0 and that lim.,od(e) = oo and 6(1) = 0. Hence, spot
transactions correspond to the limiting case where an investor-dealer pair put no effort into

maintaining the relationship.

6.1 Bellman Equations

The lifetime value of an investor currently in a relationship is V;(a) = pa + V; where V;

solves the following Bellman equation

{ui@—x(é) o AemVi@) - a@Wi@ } (55)

rrAa+0@) YT TR A+e@)  r+ A+
Matched investors choose their portfolio and effort level optimally at every point in time.
They receive flow utility net of the cost of maintaining the relationship, acquire new asset
positions at the interdealer price, and receive preference shocks at rate \. Whenever an
investor switches to a new preference type, they update their asset holdings and may choose
to exert a different level of effort. Importantly, since matched investors can trade when
they receive a preference shock, this decision is independent of current asset holdings and
depends solely on an investor’s preference type. Lastly, investor’s are unmatched at rate
d(e). We can think of 1/d(e) as a measure of relationship strength; relationships that have
longer expected durations are maintained with greater intensity. The lifetime utility of an
unmatched investor writes just as equation (7). Asset demands remain identical to those in

Section 3 with the exception of the endogenous d(e).

6.2 Calibration

I calibrate the model to match a variety of moments from the inter-dealer municipal

bond market and choose a unit of time to represent one month. The interdealer portion

to maintain the relationship. For this reason, I refer to the assets and effort levels as a pairwise decision.
In principle, the calibrated values for the fees may differ depending on who pays the effort cost. Here, it is
assumed the investor pays the cost which is in line with the idea of a maintenance cost.
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of the municipal bond market has moments on relationship stability, a key feature of the
model, that are more readily available than dealer-to-customer markets. Since I target an
interdealer market, what are called investors in the theory can be thought of as peripheral,
or non-central dealers, while what the theory calls dealers has the interpretation of the inner
core, or most well connected municipal bond dealers.'? The rate of time preference is set
to 7 = 0.05/12 per month. The supply of assets is normalized to A = 1. I set the number
of preference types to I = 10 and assume that the &; are equally spaced between the 5%
and 95 percentiles of a Generalized Pareto Distribution G(C, i, ). The shape parameter ¢
will be calibrated, while the scale parameter p and location parameter 6 are normalized to
1 and 0, respectively.!® The m; are chosen so as to create a valid probability distribution,
ie, m = g(ei)/ >_; g(g;) where g(e) is the probability density function of the distribution
of valuations. Investors’ utility function is taken to be u;(a) = €,a'77/1 — 0. 1 take the
functional forms d(e) = (1 —e)/e and x(e) = x - ¢/(1 —e).

There are 6 parameters that I jointly calibrate to minimize the sum of squared percentage
deviations of 6 model moments from their data counterparts.'* The calibrated parameters
are y, a, o, A, 1, and (. The model is solved numerically and the procedure is detailed in
Internet Appendix E. Theoretical expressions for all targeted model moments can be found

in Internet Appendix E.2.

121 and Schiirhoff (2019) document that the interdealer municipal bond market has a core-periphery
network structure where the core consists of 10-30 highly connected dealers, while the remaining few thousand
dealers form the periphery.

13The choice of distribution is not crucial for matching moments related to transactions cost or trade
volume. However, when the distribution of valuations is not skewed, the model has difficulty in matching
the distribution of trade sizes. Intuitively, since bond markets have many participants who trade in small
quantities and a few participants who trade in very large quantities, the model requires many concentrated
valuations, and a few isolated ones.

14 Alternative objective functions can be used, but as noted in Pinter and Uslu (2022), using percentage
deviations ensures that all targeted moments are on the same scale so that large values do not receive more
weight compared to small ones.
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6.2.1 Targeted Moments

I calibrate the model to the year 2005 since this particular year has the most available
data regarding measures of market liquidity and relationship formation. Municipal bonds
outstanding at the end of 2005 totalled $3.105 trillion (SIFMA 2024) with inter-dealer trading
volume totaling $611.932 billion (MSRB 2009). These figures imply a monthly inter-dealer
turnover (volume as a percentage of supply) of 1.642%. Wu (2018) reports an estimate for the
average interdealer effective spread (expressed as a percentage of the midpoint price) of 136.5
basis points in 2005.'° T use this estimate as my target for the market-wide effective spread
paid in the model. The MSRB Fact Book (2009) also reports that 2005 saw 1.703 million
interdealer transactions. Combined with the figures from Clowers (2012) which documents
that there exists approximately 1.138 million unique municipal securities, these figures imply
that the average bond is traded 0.1247 times per month. Taken together with asset turnover,
the monthly number of trades per security imply that on average, each interdealer trade is
roughly 13% of the outstanding asset supply per issue.

Li and Schiirhoff (2019) calculate a transition matrix for the status of interdealer relations
using data from 1998 to 2012. They find that conditional on trading together in a given
month, the probability that two dealers maintain a relationship with each other in the
following month is 66%. It implies a monthly relationship separation probability of 34%.
This probability is analogous to the model’s endogenous separation probability which is
computed as the average probability, conditional on being matched, that a destruction shock
arrives during a unit of time.

The two remaining targeted moments exploit the asset divisibility present in the model and
aim to capture features of trade size heterogeneity. I compute the empirical distribution of
normalized trade sizes (trades expressed as a percentage of the largest observed transaction)

based on the MSRB Fact Book (2009) and target the fraction of retail sized trades (trades

15The data used by Wu (2018) only includes interdealer trades of less than $100k. However, a majority of
interdealer trades (= 83%) fall within this category. Thus, while imperfect, the spread represents an sensible
measure of transactions costs for that year in the interdealer market.
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less than $500k) in addition to the average normalized trade size. These moments capture the
fact that interdealer trades tend to be smaller than customer trades since most transactions

serve to reallocate inventory (U.S. Securities and Exchange Commission 2012).

6.2.2 Calibration Results

A summary of the calibrated parameter values and model fit are provided in Table 1 and
Table 2, respectively. The calibrated value for the contact rate implies that unmatched deal-
ers meet other dealers approximately every 0.205 trading days, which is in line with estimates
commonly found in the literature.'® Dealers who initiate the transaction receive a smaller
share of the trade surplus relative to their counterparty, as indicated by the bargaining power
parameter greater than one-half. The model matches all the targeted moments well with the

sum of squared percentage deviations totaling less than 0.04%.

Parameter Notation Calibrated Value
CRRA coefficient o 15.7757
Preference Shock Arrival Rate A 0.2146
Relationship Flow Cost X 1.775-10°¢
Contact Rate Q 102.395
Bargaining Power i 0.7478
Preference Type Distribution Shape Parameter ¢ 6.1862

Table 1: Calibrated Parameters

Who Forms Strong Relationships? The left panel of Figure 13 plots the effort levels
for each preference type i. A larger effort level corresponds to a longer expected duration
of the relationship, 1/d(e;). The investors who form the strongest trading relationships are
those with the most extreme preferences, that is, those that are farthest from the average
valuation €. These investors also choose the most extreme asset positions. Consequently,

relationships are valuable for them because the possibility of receiving a preference shock and

1614 and Schiirhoff (2019) report an average holding period of 3.3 days for dealers executing principal
trades and a median value of 0.92. The calibrated contact rate is of similar magnitude to this figure.
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Endogenous Variable Target Model Value Percent Deviation
Effective Spread 136.50bps  136.47bps -0.022%
Asset Turnover 1.642% 1.6389% -0.188%
Relationship Separation Probability — 34.00% 34.003% 0.008%
Trades per Security 0.1247 0.1249 0.161%
Fraction of Retail Sized Trades 89.79% 88.05% -1.937%
Average Normalized Trade Size 5.706% 5.688% -0.315%

Table 2: Model Fit

changing to an “average” preference type while holding an extreme asset position creates a

mismatch that carries an opportunity cost. Trading relationships thus act as an insurance

policy for investors with extreme preferences, allowing them to take on very large (or small)

portfolios with the option to trade when they are hit with a liquidity shock.
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panels use the calibrated parameter values.
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Figure 13: Effort Levels and Future Trading Business
Notes. The left panel plots optimal effort levels as a function of the investor’s preference type. The
right panel plots the value of future trading business as a function of optimal effort levels. Both

The right panel of Figure 13 plots the value of future trading business, defined as the ex-

pected discounted sum of intermediation fees received by the dealer after the current trade,

as a function of effort levels.!” An investor-dealer pair invest most heavily into relationships

17 Just as in Section 3, we can split the discounted sum of fees into an initial fee for the first trade in the
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that have the greatest repeat trading value. From the investor’s perspective these relation-
ships serve the greatest insurance purposes, while from the dealer’s perspective they will use

their bargaining power to extract rents from those large future gains from trade.

Relationship Strength, Trade Sizes, and Transaction Costs Bak-Hansen and Sloth
(2024) have a unique dataset that classifies a trading relationship into one of four tiers. The
classification is done at the dealer level, so it reflects the strength of the trading relationship
from the dealer’s perspective. Bak-Hansen and Sloth (2024) find that investors with stronger
relationships (higher tier classification) trade in larger quantities on average. The left panel
of Figure 14 shows this relationship in the calibrated model. It plots the average net trade
size (negative if selling) for investors of different relationship strengths. If an investor has
preferences for the asset that are above the average valuation g, stronger relationships cor-
relate to larger average trade sizes. Investors who endogenously choose longer relationship
durations are the ones who already transact in large quantities. In addition, the longer rela-
tionship duration leads these investors to choose even larger asset positions which increases
the average trade size further. The greater the effort level, the more pronounced this second
effect becomes. For investors with valuations below €, a similar feature holds. The reason
a distinction is made between the two groups of investors is that the former are frequent
buyers while the latter are frequent sellers. Hence why they appear on different slopes.
There is ample evidence of so-called relationship discounts in OTC markets: transaction
costs tend to be negatively correlated with measures of relationship strength (see Section 1.1).
The right panel of Figure 14 documents this negative correlation in the calibrated model.
A one month increase in the expected duration of a relationship decreases transaction costs
by 1.21 basis points, when expressed as a percentage of the interdealer price. These results
highlight an important feature of the model. The measure of relationship strength that
impacts transaction costs is forward looking. The investors who get the greatest relationship

discounts on average are the ones who exert the most effort to maintain the relationship. But

relationship and an expected discounted sum of future intermediation fees.
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Figure 14: Average Trade Sizes and Trading Costs by Effort Level

Notes. The left panel plots the average net trade size as a function of optimal effort levels for low
preference type investors (below the average type) as diamonds and high preference type investors
(above the average type) as circles. The right panel plots the weighted least squares regression line
for all per-trade per-unit fees (expressed as a percentage of the interdealer price) as a function of
relationship duration. The weights used correspond to the relative frequency of occurrence. Both
panels use the calibrated parameter values.

we see from the right panel in Figure 13 that the investors who exert the most effort have
the highest expected discounted sum of future intermediation fees. This insight tells us that
building measures of relationship strength based on past trading volume, as is commonly

done in empirical work, is only a good predictor of relationship strength insofar that past

trading volume is correlated with the value of future business.

7 Conclusion

Despite a large body of empirical work documenting the existence of trading relationships
in financial markets and its importance for spreads and trading volume, the search-based
literature on OTC markets has largely omitted this empirical finding in theoretical work.
I build a tractable model of trading relationships between investors and dealers within a

decentralized asset market. Investors in the model circumvent both search frictions and
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a holdup problem via relationships that impact portfolio decisions, trading volume, and
transaction costs. As a result, relationships can explain negative transaction costs as arising
from long-term contracts. The intermediation fees paid by the investor are impacted not
only by the gains from trade for the current transaction, but also by the expected future
fees the dealer will receive later in the relationship. These countervailing forces can give rise
to non-monotonicity in per-unit discounted sums of fees and imply a potential relationship
quantity discount.

The benchmark model is extended along multiple dimensions. First, I study the role of
trading relationships under free entry of dealers. Relationship stability impacts both the
number and the respective liquidity properties of steady state equilibria. More stable rela-
tionships allow for coordination on a unique, higher liquidity equilibrium. Second, I show
that when spot trading and relationship trading coexist, effective spreads may change in a
non-monotone fashion as the stability of relationships is altered. This finding highlights a
trade-off in liquidity between differing trading arrangements. Finally, I endogenize trading
relationships and calibrate the model to the U.S. interdealer municipal bond market. The
results show that only those agents with the most extreme preferences choose to form long-
lasting trading relationships. These long-duration relationships act as an insurance mecha-
nism in the case that an investor with extreme preferences receives a liquidity shock. The
calibrated model finds that investors with stronger relationships trade in greater quantities

and incur lower transaction costs on average, in line with empirical evidence.
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A  Proofs

Proof of Proposition 1. Since a matched investor is connected to the interdealer market,
we can think of her lifetime utility from the moment she chooses to reoptimize her portfolio

onward. Thus,

Vi(a) = fﬂ?&?{ /0 e "ui(a)dt—pla—a)+E[e L {rory Ze; m;Vi(@)] +E e L {rryy Wi(a)] }
J

(56)

where 7 = min(7s, 7)) and 75 and 7, are exponentially distributed times with respective

means of 1/6 and 1/\. Expanding the above equation further we obtain that

J

mm(d)}. (57)

_ u;(a) . A .
Vila) _p”l??é({m _pa+m;%vj(a)+

The first term is an investor’s wealth, pa, and the second term can be fully summarized by
an investor’s current preference type. It follows that the lifetime utility of a matched investor

can be written as

Vi(a) = pa +V;. (58)

Hence, her value function is linear in her wealth. m

Proof of Proposition 2. We want to show that the following inequality always holds

BE = (r+a+A+6)(r+a) _ WP < (r+a+A+6)(r+a) _ WNoR — pNoR (59)
C(r+a+N(r+a+d) T (r+a+Nr+a+d) - '
After some simple cancellation, we obtain that the above inequality is true when
1 1
(60)

>
K+0  K+0+An

which always holds since A\n > 0. =

Proof of Proposition 3. Note from equation (41) that the sign of 0®;(a)/0a is entirely
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determined by rp — u/(a)[(ke; + A€)/(k + A)]. It implies that 0®;(a)/0a > 0 if and only if
rp — ' (a)[(ke; + A8)/(k + A)] > 0. Given the strict concavity of u(a), we have then that
0®;(a)/da > 0 if and only if
. A
a>u"" (M) =aj. (61)
KE; + AE
By similar argument, it follows that 0®;(a)/da < 0 if and only if a < af. Hence, we have
that sgn (0®;(a)/0a) = sgn (a — af) as stated by the proposition. m

Proof of Proposition 4. Differentiating ®;(a)/Q;(a) with respect to a we obtain that

0®;(a)/Qi(a)  9®i(a)/da - Qi(a) — Pi(a) '3Qz‘(a)/3a.

= — 62
da 0,(a)? (62)
Using equation (46) for @;(a), it follows that
(
1 if a > a;,
3@1 a
8(5 ) =30 if a = a;, (63)
—1 ifa<a;.
\

Using the above and the result from Proposition 3, it follows that sgn(®;(a) - 9Q;(a)/0a) =
sgn(a — a;) and sgn(0®;(a)/da- Q;(a)) = sgn(a — af). These statements make use of the fact
that both ®;(a) and Q;(a) are strictly positive. Consider the case where ¢; < 2. We know
that and a; < af. If a; < a < @ it follows that the first term in the numerator of (62) is
negative, while the second term in the numerator is positive. Thus, 0®;(a)Q; *(a)/da < 0
and it has the same sign as @ — a;. The analogous argument can be made for the case where
g >fandal <a<a,. W

Proof of Proposition 5. See Internet Appendix A.2 for the proof. m
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Proof of Proposition 6. Volume of trade is given by the following equation
V:aZn?Aai—aﬂ—k)\anﬁﬂ%—ai|. (64)
i,j )

Using both the expressions for the distribution of investors (Section 3.6) and a; (Section 3.8),

V is easily reexpressed, after a few lines of algebra, as follows:

B+A+a)d+A+r+a(l—p) [arlr+all =n) >, mimle — &

Y T Gt trral—) (a4 A)(r+all =m)+Arp

(65)

After taking the first and second derivatives of V with respect to § where we use the fact that
p is independent of the relationship stability parameter under log-utility, we easily obtain
the desired results that 8v <0 and ?9512) >0. m

Proof of Proposition 7. Since only investor’s of the highest preference type, ¢ = I, hold

assets, we need to show that S/99 > 0 where

or(a;) (an i+ AT Nar — i(ar) an%—l—)mm’]}ﬂai — ay|
S — Z j § L . (66
]a;—aJ] V% ‘az—al‘ V ( )

Using the expression for V and the expressions for the distribution of investors given by

(31)-(36) we obtain that

2aradmr(1 — 7)) (e + A+ 0)
(a+ N)(a+9)

Y = E (anfy +Ammii)|ar —a;| + E (anf; + Amnty)|a; —ar| =
JAI it
(67)

After using the fact that a; = A/7; and substituting this into equation (66) we obtain that

S = 1 — <Z m¢r(a;) + qubz ar ) . (68)

i#ET
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Using equations (29) and (47) and after some algebra we obtain the expression

Tr 77(1—7r1)(7"+(5)a1 (/€+)\+(5)/€€[+5)\§ 77)\(1—7r1)§a1
. - +T) (69)
K(r+A+90) (k4 A)(k+96) K(r+A+90)
where
_ nare B narermy
K K

r

(70)

does not depend on 9. Then, differentiating (69) with respect to § we obtain that dS/96 > 0

when

EANK+ A2 (5 + X)) +EX&(r + 8)(r + A+ ) + EXN25(k + )

+edk(k+0)(K+A+0) —e e(r+0)(r+A+0) >0 (71)

which always holds since the first three terms are positive and the fourth term is always

greater than or equal to the fifth term given that k =r+ (1 —n) >r. =
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Internet Appendix

A Limited Commitment

Here, I relax the assumption that dealers are able to commit to providing the assets
that investors demand throughout the entire length of the relationship. 1 construct two
alternative bargaining approaches. First, I model an extensive form game representing the
strategic bargaining process over an intermediation fee and asset position of an investor-
dealer pair. Second, I use the generalized Nash bargaining solution for each trade during the

relationship.

A.1 Alternating Offer Game

The bargaining problem is represented as an alternating offer game with discounting and
exogenous risk of breakdown. An investor-dealer pair only interact at discrete points in
time. A proposal made by either agent consists of an asset position for the investor and
an intermediation fee paid to the dealer. The receiver of the offer is free to accept or
reject the proposed contract. If an investor (dealer) rejects a proposal, I assume they must
wait Ay (Ag) units of time before formulating their own offer. In the case where an offer
is accepted, the players remain matched but the bargaining game ends and both players
receive their according payoffs. In the case of rejection, the game continues on unless either
the relationship is destroyed, the investor finds a new counterparty, or a new preference

shock is received after which I assume a new bargaining game begins.

A.1.1 Equilibrium

I restrict my attention to equilibria where investors and dealers use stationary strategies

so that proposals and acceptance rules will be the same in all periods for a given agent.
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Maximization Problems Let Vi(a) and W;(a) denote the expected lifetime utility of
a matched and unmatched investor with preference type ¢ and a units of the asset. The
function I;(a) is the expected lifetime utility of a dealer who is in a relationship with an
investor having characteristics (i, a). If the investor makes an offer, she chooses her terms
of trade to maximize her expected utility net of the fees incurred to rebalance her portfolio,
subject to a dealer indifference condition, as follows

max {—¢' + Ui(a,a) + Y/(a) : ¢ + Ya) > R%(a)} (72)

where

Ui(a,a) = E; {/ e‘”ui(d)dt} —p(a—a) (73)
0
is the expected utility of an investor from now until the next shock occurs (preference or
destruction) at time 7 = min(7y,7s) where 7, and 75 are exponentially distributed with
means 1/ and 1/6, respectively. The functions T(a) and Y¢(a) are defined as

~ —rT 7 ~ —rT T A z ] 7T‘7(C~L) (N/T/@(d)
Y@ = E |7y Vi @] + B [T Wia)] = P W S

(74)

~ —-rT ~ A ~
Td(a) =E [6 ]I{T:TA}HS(TA)(a)} = m Z WjHj(CI,) (75)
JET

and represent the expected continuation values of an investor and dealer, respectively. R%(a)
denotes the reservation value of a dealer and is taken as given by the investor, it is defined
precisely shortly. The investor will always propose an intermediation fee so as to make
the dealer indifferent between accepting and rejecting the proposal so that the inequality
constraint will always bind in equilibrium. Substituting the binding constraint into the

objective function reduces the investor’s problem into a choice of asset holdings that solves
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the following maximization problem
max {U;(a,a) + Y] (a) + T%a) — R%a)} . (76)

The functions II(-), V(-), and W (-) are taken as given by the investor when formulating
her offer. The portfolio choice will pin down the intermediation fees so that an investor’s

proposed contract will be entirely summarized by the following:

a1(i) = arg max{Ui(a, @) + Ti(a) +1@a) — R'(a)} (77)

61(i,a) = R(a) — T(as(1)). (78)

The proposal consists of an asset position that maximizes the joint value of the investor-
dealer pair while the intermediation fee makes the dealer indifferent between accepting the
proposal or rejecting it.

If the dealer gets the chance to make an offer he will maximize his expected payoff, equal
to the current per-trade fees plus his expected discounted continuation value, such that the
investor is indifferent between accepting and rejecting his proposal. His problem is written

in a similar fashion to the investor’s problem as follows
rp%,x{gﬁ’ +Y4a) : Ui(a,a) + Yia) — ¢ > Rf(a)}. (79)

The dealer’s proposed contract is summarized by the following equations

aq(i) = arg gnaX{Ui(% a) + Yi(a) + @) — R'(a)} (80)

ba(i,a) = Ui(a,aq(i)) + Y1(aq(i)) — R (a). (81)

It is an asset position that maximizes the joint value of a relationship and an intermediation

fee that equals the largest payment an investor would be willing to make.

66



Inspecting (77) and (80), it follows that the assets proposed in a contract will maximize
the joint value of a relationship irrespective of who is making the offer. Thus, in my notation,

I write a; as the asset holdings proposed in a contract when the investor is of type .

Bellman Equations The expected lifetime utility of a matched investor can be written

as below!®

(7 ! —rt . 0 I A ~
V;(CL) =K {/0 e uz(al)dt] —p(ai — a) — ¢d(Z, (Z) + m%(al) + m ]%; Wj‘/}(ai).

(82)
It equals the discounted utility of holding the asset until the next shock arrives net of the
cost of acquiring it, plus the expected continuation values when that shock is realized. The

lifetime utility of an unmatched investor with characteristics (i, a) solves

rWia) = wia) + X [Wj(a) — Wila)] + a[Vi(a) — Wi(a)] (83)
jez
with the obvious difference from equation (7) that the exogenous dealer bargaining power

does not enter the above equation. The expected lifetime utility of a dealer solves

1i(a) = dali @) + —— 3" miTly (). (34

r+5+Aj

A dealer enjoys the current per-trade fees paid to him by the investor, plus an expected
continuation value of remaining in the relationship. Crucially, the dealer’s continuation

value depends on the assets he trades with the investor today.

Reservation Utilities Here I write the expressions for the reservation utilities of investors

and dealers, respectively. In my notation I make use of the fact that on the equilibrium path,

18Tn writing the Bellman equations here I assume that dealers make the first offer. However, the problem
can be written identically when investors make the first offer. Since I am interested in the limit as the time
between counteroffers goes to zero, any first-mover advantage will be eliminated implying that this exposition
is without loss in generality.
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counteroffers will always be accepted. An investor’s reservation utility can be broken down

into two components as below.

R'(a) = Aqu(a) 4+ e (5AIVT/1‘(Q> + ALYy [Uj(a,a5) = dala, §) + Y5 (a;)]

JeL
+ OzA[ [UZ’(GI, ai) - ¢d(a’7 Z) + Tzl(a’l)}

+ (1 — 5A] — /\A] - O[A[) [Ui((l, Cl,i) - ¢[(CL, Z) + TZI(CLZ)} ) (85)

The first component represents the utility flow enjoyed by an investor during an interval
of length A;, should an agreement not be reached. The second component represents the
discounted expected utility an investor will receive after this interval of length A; has passed.
The terms inside the brackets correspond to the following events. With probability dA; a
relationship is destroyed and the investor becomes unmatched. With probability AA; an
investor changes type after which a new bargaining game begins and the dealer makes an
offer. With probability aA; an investor meets a new dealer who makes an offer that the
investor accepts. Lastly, with complement probability (1 — dA; — AA; — aAy) the investor
is neither unmatched nor changes type nor meets a new dealer and is thus able to make a
counteroffer.

A dealer’s reservation utility is simply his expected discounted utility from rejecting an

offer. So,

Ri(a) = e "R ()\Ad Z ;i [¢a(a, j) + T4 (ay)]

jeT

+ (1 — 5Ad — /\Ad - aAd) [gbd(a, Z) + Td(az)]) (86)

Over an interval of length A, after a dealer’s rejection, four events are possible. First, the
game ends with probability 0A, after which the dealer receives a payoff of zero. Second, with

probability AAg4, an investor changes type and a new game begins, with the dealer making
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an offer. Third, with probability aAy an investor meets a new counterparty and the dealer
receives a payoff of zero.' Lastly, with complement probability (1 —d§Ag — Ay — al\y), the

investor’s characteristics remain unchanged and the dealer makes a counteroffer.

Definition 3 An equilibrium of the alternating offer game for an investor-dealer pair must
satisfy 3 conditions. First, a set of proposals {ar, o1} and {aq, ¢a} that satisfy equations
(77),(78) and (80),(81) taking as given the Bellman equations V, W, and 11 as well as the
reservation values R and R!. Second, equations (82), (83), and (84) that define the value
functions V,W, and II. Lastly, equations (85) and (86) that define the reservation values

for investors and dealers, respectively.

A.1.2 Immediate Counteroffers

[ assume that the ratio A;/Ay is constant and equal to 6 so that an investor takes 6 times
longer to formulate a counteroffer compared to a dealer. Equivalently, I can write Ay = A
and A; = #A. T am interested in finding a solution to the bargaining game described above
when A — 0. When counteroffers are immediate, I remove any first-mover advantage in the
bargaining procedure. The intermediation fees reflect comparative advantages in terms of

proposal speed and outside options instead of who is the first to make an offer.

Per-Trade Intermediation Fees It can be checked from (78) and (81) that as the time
between counteroffers goes to zero, ¢4 = ¢;. Thus, in the limit as counteroffers are imme-
diate, contracts proposed by investors will exactly match those contracts offered by dealers.

Combining (78) and (81) while using the expressions for the reservation values (85) and (86)

19Gince the dealer is unconstrained in how many relationships he can host, if the dealer meets another
investor it does not affect the current relationship. We can alternatively think of the dealer as getting some
steady-state outside utility that is invariant of what happens in the current game.
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it follows that ¢4(i,a) can be expressed as

¢a(i,a) = T1[Ui(a, a;) + Y] (a:)] + T2 Y m;[Uj(a, a;) + Y1 (a;)] + TsY%a;) + Ty Y 7Y% a;)

jeT JjET
+Tsui(a) + Lo Y mjug(a) + ToWi(a) +Ts > mWila) (87)
jeT jeT

where the I' coefficients are provided below. We have that

1 — e 2(1 — 66A — NOA)

I = 88
' ! (88)
A —r6A
[y = Y[l — (1 —50A)e 8] — M+ (89)
1
—rfA 1 — - o —rA 1 — _ _ _
r, = e ( 00A — NIA a@A)ﬁi@ ( 0A — AA — aA) — 1] (90)
1
“rAHOA (T — §OA — MA — 0 A)NA
r, =2 ( QOANA - (91)
2!
OA
I's=—— 92
PE (92)
I'e = —0A, (93)
—rfA A
r=_¢ %A (94)
g
Iy = —vye "250A (95)

where 71, 72, and 3 are given by

1 =1—afAe ™ — AU (1 — A — MA — afA)(1 — A — AA — aA) (96)

e D0A A (L 80A — MA — aBA)AA]
" (= e PAMOA + e A (1 — 30A — MA — afA)AA))

VY2

Y3 = Y2e "R (1 = 60A — NIA — afA)[1 — e (1 — 6A — aA)] (98)
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Taking the limit as A — 0 and applying I’Hopitals rule where necessary yields that

o= (it%iﬁg Ny (99)
L (1~|—9)(7“+5~|—9))\\)C;(a+ A1 0)(r+0) (100)
ampls =07 7("1‘:—50—;(?:;_{_ ) (101)
2T T +9)(r+6+ai)(;(a+ T+ 0)(r+9) (102)
E%FSZ_Q+(1+Q)Q(T+5+)\) (103)
Mo ="ty (1—|—9)(r+;\f—(1)\)—;(2+ L+ 0)(r19) (104)
E%F7:_a+(1+9(§?r+5+» (105)
et e R Py Y +?f(i>>+<§)+ A1 0)(r+0) (106)

which gives per-trade fees as

(r+ 0+ N)[Ui(a, a;) + Ti(a;) + Td(az’)]] _ ui(a) + 6Wi(a)
a+(1+0)(r+0+ ) a+(1+0)(r+0+ )
[ Aa Yo milUs(a, a) + Yi(a;) + T4ay)] }
(a+1+0)(r+d+N)(a+(1+0)(r+9))

¢i(a) =0 {

Ao miug(a) + A0, m;W;(a)
(a+(1+0)(r+0+A)(a+1+06)(r+9))

—0(1+0) { 1 —Y%a;). (107)

The fees paid by an investor for trade to occur depends on how fast she can formulate an
offer relative to the dealer, how much she stands to gain if trade occurs, and her outside

options from holding the asset without trade. I illustrate three special cases below.
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Fast Dealers When dealers respond substantially faster than investors (6 — o), (107)

reduces to

¢i(a) = Ui(a, a;) + T (a;)

5(r+5)m(a)+(5)\2j7rjﬁ/j(a) (r + O)ui(a) + A Y, mju;(a)
_ (r+8)(r+A+9) + R CES ey (108)

so that the fees paid by an investor equal exactly the expected utility from accepting a
proposal (first two terms) net of the investors utility should an agreement not be reached
(third term). This corresponds to the outcome of the Nash bargaining solution when dealers

have all the bargaining power.

Fast Investors When investors have maximum advantage with respect to counteroffer
speeds (# = 0), combining equation (107) with (84) implies that a dealer’s lifetime utility is
zero so that (107) reduces to

¢i(a) =0 (109)

which corresponds to the outcome of the Nash bargaining solution when dealers have no
bargaining power. It means that investors need not pay any fees when they are significantly

faster than dealers and instead enjoy the full joint surplus.

Equal Counteroffer Times When investors and dealers are symmetric in their ability
to generate counteroffers (f = 1), we obtain the following expression for the intermediation

fees:

[+ 6+ N)[Ui(a, a;) + T (a;) + T(a;)]
d)i(a)_i{ r+2+0+A ]
1 {)\06 > milUj(a, a5) + Tj(ay) + Td(@j)]} 1 {ui(a) + 5Wi(a)]
> (r+ 240+ N0+ 2+0) P S0+ A

2

B [AZj mjuj(a) + A0 Y, m;Wi(a)
(r+5+d+ N+ 95 +9)

} —T%a;). (110)
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Investors and dealers split the surplus created by a trade equally amongst themselves.

Bellman Equations Revisited It follows from the results above that the maximum

lifetime utility attainable by an investor and dealer, respectively, can be written as

-1 [(r+a+d+MNUla,a;) +T](a;) + Tai)]
Vi(a)_1+9[ PRENCRY Y }
L0 |:/\O‘Zj7rj[Uj(avaj)+T]I'(aj)+Td(aj)]:|
(1+0)2 (r+15 +0+ A0+ +9)
0 [uwla)+oWia)] 0 [AX;mua) + A6 3, mW(a)
+1+0[r+ﬁ+5+/\} 1—|—0[(r+1%9+5+)\)(7“+ﬁ+5)} (1)
and
0 [(r+ 6+ N [Uila, a;) + T (a;) + Ta;)]
Hi(a)_1+9{ 12 8+ A ]

0 {)\04 >, milUi(a, a;) + Y5 (a;) + Td(@j)]] 0 [ ui(a) + 6Wi(a) 1

1+6)2] (r+5+6+A)(r+ 1% +9) IO+ S+

0 |:)‘Zj7rjuj(a)+)‘62jﬂ-jv~vj(a)
L+0[(r+ 355 +0+A)(r+ 155 +9)

} . (112)
The joint surplus of a relationship then, V;(a) + II;(a), is linear in wealth since
Si(a) = Vi(a) 4+ I;(a) = Ui(a, a;) + Y(a;) + T a;) (113)

so that S}(a) = p. Using this and the choice of asset holdings given by both (77) and (80),

it follows that the FOC for the portfolio decision can be written as
w(a;) + 6W! (a;) = (r + 0)p. (114)

It is identical to equation (6) up to the inclusion of W/(a) instead of W/ (a), which solves (7).
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A.1.3 Asset Demands

Equation (83) can be differentiated with respect to an investor’s current portfolio to obtain

rWi(a) = ui(a) + XY m[Wila) = W/(a)] +a[V(a) = Wi(a)]. (115)

jez
Differentiating (107) and substituting the result into the above equation after using the fact
that V/(a) = p— ¢)(a) yields an expression for W/(a) in terms of current and future marginal
utilities, uj(a) and ) ; 7;uj(a), and the interdealer price p. After some algebra, one obtains

that

(a+1+0)(r+d+N) (a+rl+60)ui(a;) + A1+ 6)* >, miu(a;)
(a+(1+0)(r+N)(a+(1+60)(r+9))

=rp.  (116)

There exists a direct mapping from the ratio of counteroffer speeds, #, into the ratio of
bargaining powers used in Nash Bargaining, &7, given by 6 — % It follows that # = 0
is equivalent to n = 0 and # — oo is equivalent to n = 1. Using the fact that a mapping
exists between 6, the ratio of counteroffer speeds, and 7, dealers’ bargaining power, the above

equation can be re-expressed as

A+7r+al—n)+0)(r+a(l —n)uila;) + oA, muj(a;)
A+r+a(l—n)(r+a(l—n)+9)

=1p (117)

which exactly coincides with the asset demands under the generalized Nash solution.

A.1.4 Intermediation Fees and Trade Sizes

In addition to providing asset demands under the case of no commitment, the strategic
bargaining approach also yields per-trade intermediation fees, denoted as lowercase ¢;(a).

Differentiating (107) with respect to an investor’s current portfolio yields that d¢;(a)/da > 0
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if
(118)

rp > () (si(a +7r(1+0))+zN1+ 0)) |

a+ (14+0)(r+X)
But here we have recovered the inequality from Proposition 3 and so it follows that given

the strict concavity of u(a), we have that d¢;(a)/0a > 0 if and only if

1 rp(a+ (1+0)(r+ X)) .
@=u (ai(oz—l—r(l—i-@))—i-g)\(l—i-ﬁ)): : (119)

which is analogous to the result in Proposition 3 when 6 = n/(1 — 7).

A.2 Alternative Nash Bargaining Approach

The investor and dealer Nash bargain over a new asset position and a transfer. The bar-

gaining problem writes as

~ A

(@) = p(a —a) = Wi(a) = ¢]'"[¢ + D(@)]"” (120)

2=
£l

where V;(a) denotes the expected discounted lifetime value of a matched investor with asset
holdings a and preference type i, VAVi(a) is the expected discounted lifetime value of an
unmatched investor, and D(a) is the expected discounted value of the relationship to the
dealer, net of the fees for the current trade, when the investor has new asset position a. The

outcome of bargaining is given by

a; = arg;nax{‘z(d) + D(a) — p(a — a)} (121)
¢i(a) = n[Via) —pla; — a) = Wia)] = (1 =) D(as). (122)
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The three HJB equations for \7, W, and D write as follows

~

rVi(a) = wi(a) + 6[Wi(a) = Vi(@)] + A Y m[Vj(a;) = pla; — a) = Vila) = ¢5(a)]  (123)

A A A

rWila) = wi(a) + XY m5[Wj(a) = Wila)] + alVi(a) — pla; —a) = Wila) = ¢i(a)]  (124)

~

We can define the joint value of a relationship as S;(a) = V(a;) + D(a;) — p(a; — a). After
using the solution to the bargaining problem given by (122) and after adding equation (125)

to equation (123) and subtracting p(a; — a) from both sides we obtain that

rSi(a) = u;(a;) — rp(a; — a) + 6[Wi(a) — Si(a;)] + A Z m[S;(a) — Si(a)] (126)
rWila) = u;(a) + )\ZWJ[WJ(G) — Wia)] + a(1 — n)[Si(a) — Wi(a)]. (127)

We can recognize that these are ultimately the same equations as (5) and (7) and as a result,

n[S;(a) — W;(a)] = ®;(a). Using this, we obtain that

A
Dia;) = — D 12
(a;) T+)\+(5Zj:7rj ](al) (128)
and so it follows that
A
pi(a;) = Pi(a;) — . ;qu)j(ai) (129)

as stated by Proposition 5.
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B Regression Lines Supplementary Material

We are interested in the relationship between trade size and transactions costs in the
cross-section. However, if we simply plot the transaction costs as a function of trade size,
we are not taking into account their relative frequency of occurrence. So, we need to weight
each possible transaction by its relative frequency when computing the line of best fit. Note

that the relative frequency with which we observe a per-unit fee of ¢;(a;)/|a; — a;| is

any; + Amn’
= 130
i an® 4+ \n™ (130)

Now, we want to run the regression
Cost = By + p1 - TradeSize (131)
with weighted least squares. It is possible to write in matrix notation as
Y =X (132)

where X is an (I? — I) x 2 matrix whose first column consists of ones and whose second
column consists of all trade sizes, Y is an (I — I) x 1 matrix of per-unit fees, and 3 is a
2 x 1 matrix. Note that all ¢;(a;)/|a; — a;|, of which there are I, are omitted as they are not

well defined hence the minus [ in the size of the matrices. We obtain that
B=(XWX) " (X'WY) (133)

where the weighting matrix W is an (12 — I) x (I? — I) diagonal matrix of the weights wj;.

Then, the line of best fit is plotted as
Cost = by + 1 - TradeSize (134)
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where Bl is positive in Figure 6. Next, to compute the within-client line of best fit, I control

for the client’s preference type ¢ by running the regression

Cost; = By + p1 - TradeSize; + ;. (135)

This yields a Bl that is positive as well. Note that I do not run weighted least squares for
the within-client exercise, since the cost-size relationship is always upward sloping when we
condition on a particular preference type. Therefore, while the estimate of Bl may change,

its sign will not.
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C Augmented Model with Investor Ex-Ante Hetero-
geneity

As with the benchmark model, there is a measure 1 of investors. A fraction p; will be called
“Type 17 investors, while the remaining 1 — p; investors will be called “Type 2” investors.
A Type k = {1,2} investor has a vector of fixed characteristics = = [rg, Ok, ak, 1 — 1k, Ag)-
For simplicity, both types of investors have the same distribution of transient preference
types. So, a Type k investor will have utility from holding the asset of u;(a) = g;u(a) with
probability m; € {1, ..., I} such that Zle = 1. The expected discounted lifetime utility from

unmatched investors solves

rWia) = wia) + M Y m; [Wia) = WHa)] + (1 =) [V (a) = W (a)] (136)

jeT

while the expected discounted lifetime utility for matched investors solves

V(@) = max {uxa) —rip(@ - a) + BWE@) — V@] + M Y 7 [VE@) - VE@)] } (137)

jeT

for each k € {1,2}. These equations can be solved in similar fashion to equations (4) and

(7) to yield

8¥(a) = e [V () ~ W(a)] (138)
) = k(@) - 3 3" mbt(a) (139)

which are the discounted sum of intermediation fees and the per-trade fees, respectively. The

individual asset demands solve

(M + 75 + (1 =) + 0k) (75 + (1 —m))ui(af) + e Yo, myuf(ar)

O 7 & on(L— 1)) (s (T — i) + %) =np. (140)
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The distribution of investors across states is given as follows

no. = TPk for all i € T and k € {1,2}
Qp + Ok
ny, = 0 forallj#4 and k € {1,2}
P
nly, = OLARTT, for all i # j and k € {1,2}

(A + o) (ag + k)
5kOCkﬂ'l' + )\kékﬂ'g

nee = foralli € Z and k € {1, 2}.

()\k + Oék) (Oék -+ (Sk)

From here we can specify the market clearing equation as

A= Z(n:?kz +ni)a;

i7j7k:

which pins down a unique interdealer price.

80

(141)
(142)

(143)

(144)

(145)



D Spot Trading Supplementary Material

Bellman Equations FEven though matched investors are able to contact dealers for spot
trades, since their portfolios are optimal at every point in time, it implies that they will
never need to trade with a spot dealer. As a result, the value function of a matched investor
remains as in Section 3. Making use of the solution to the bargaining problem for spot

transactions, the lifetime utility of an unmatched investor solves

rWi(a) = ui(a)+ A Z mi[Wj(a) = Wi(a)]+a(l—n)[Vi(a) = Wi(a)] + as(1 —ns) [V’ (a) — Wi(a)]
< (146)

where

Vi (a) = pa+ Q;

denotes the value of being matched for a spot trade and §2; = mae/xx{Wi(a’) — pa'} represents
the net utility gained from purchasing the new asset position. An unmatched investor enjoys
some flow utility, changes type with intensity A, and meets a RD or SD, respectively, at
effective rates a(1 —n) and a,(1 — 7).

Solving for W;(a) yields that

Wi(a) = Ele~""pa] + E, [ /0 ' e‘”us(t)(a)dt] + A (147)

We break down the value of being unmatched into three different components. The first is
the expected wealth of the investor the next time she is able to trade, (i.e. when she next
meets either type of dealer). This event occurs at some future time 7 that is exponentially
distributed with parameter a(l — 1) + as(1 — n5). The second component is the expected
utility the investor enjoys until time 7. Finally, the third term A; stands in for the expected
value of being able to engage in a spot trade or trade vis-a-vis a relationship at time 7,
respectively.

Using equation (146), multiplying each side by 7;, summing over all ¢ and collecting like

81



terms yields that

S mWi(a) = —— 2Tl a1~ ) + (1~ ,)

Cr+all —n)+al(l —n,) +par+a(1 —n) + a(1 —n,)
Zi 71-i[cy(l —n)Vi+ as(1 - 778)91‘]

148
T EE N R
Substituting the above equation back into (146) and solving for W;(a) yields
1 - 1—- ksui(a) + A muj(a
Wi(a):paoz( n) + as( 775)+ (a) > miuj(a)
Ks Ks(ks + A)
Ks(Ks + A)

where ks = r+a(1—n)+as(1—n;s) is defined for notational convenience. The above equation
expresses the lifetime value of an unmatched investor as the sum of three terms which are
exactly those described in equation (147): the expected wealth of an investor at a future
time 7 that is exponentially distributed with parameter o(1 —n) + as(1 — 75), the utility the

investor enjoys up until that time 7, and the continuation value of the investor at time 7.

Relationship Trade Asset Demands The first-order condition for the optimal asset
holdings of a matched investor is given by (6). After differentiating (147) and substituting
the expression into (6), an investors’ choice of asset holdings while in a relationship can be

reduced to the following equation:

(A + 0 + rs)rsui(ai) + 6N D2, mjus(a;)
(A + Rs) (0 + Ks)

= rp. (150)

Equation (150) equates the expected marginal utility of holding the asset (left side) to the
marginal cost (right side). As before, the expected marginal utility of holding the asset is a
weighted sum of current utility and future expected utility. The weight on current utility is

increasing in r, a(1 —n), and a,(1 — n,) while the weight on future utility is increasing in A
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and 0. As investors are more impatient or as they expect to be able to contact dealers more
quickly, their current valuation of the asset dominates. Conversely, when investors expect to
change types more quickly or as relationships are shorter lived, they place more weight on

the expected marginal utility.

Distribution of Investors Our measure of matched investors remains as given by (31)
and (32). We distinguish between investors whose last trade was in a relationship, with
measure n*", and those whose last trade was a spot transaction, with measure n"*. We
have then that n* = n"® + n"". This distinction will prove important since the quantity
of assets acquired via a spot trade can be different than those quantities acquired through

relationships. The laws of motion for unmatched investors are given by the following four

equations.
Ry = ong — anl — Aol + Am Yy nlt — AL —m)nly Vi€ {l,...1} (151)
ki

Y= A > ndt = ML= m)nl — anll — Bnl Vi # i (152)
ki

A =B) np+BY miE —anl +Am Y nlf — M1—m)ngt Vie{l,.. I} (153)

k ki k#i

Y= A Yy nlie = ML —m)nly — anlfy — Bl Vi # i (154)

ki

The flow of investors whose last trade was a spot transaction is a,n®" while the flow
of investors whose last trade was in a relationship is an*. Thus, we have that n"® =

nas/(a+as) and n* = n“a/(a+as). In a steady state, solving the above equations yields
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the following;:

(a + ag)adm; + Aadr?

ur — forallieZ 155
" Drataatata) oS (155)
(S)\Oéﬂ'i’/'('j . .
ur — for all 156
" Biatad@ifaiay iR (150
. 2
s — as0(a + ag)m; + a0 AT forallicT (157)
A+ a+as)(a+0)(a+ ay)
SONTT T S,
ni = SLEAAULLE, for all 4 # j. (158)

7 (A atas)(a+6)(a+ ay)

Market Clearing In a steady state, the market clearing condition states that all assets

must be held by investors. So, we have that

A= (7 +nia; + Y nlta;. (159)
ijeT ijeT
The left side of (159) is a constant, whereas the right side is decreasing in p. Thus, there is

a unique interdealer market price, p, that is a solution to (159).

Trading Volume Volume of trade is calculated as the sum of all realignment trades ex-
ecuted at the onset of a relationship and subsequent trades made during the relationship
after receiving a preference shock. The novelty with the addition of spot trades is that we
must keep track of what type of assets investors hold. More precisely, asset positions that
investors demand from spot trades will be different from those demanded by investors in
relationships, so the magnitude of the realignment trades will vary depending on what was

the last trade an investor engaged in. Relationship trading volume can be expressed as

V= Z <an}‘f|ai — ai| + anjj|a; — a;| + Injimsla; — ai\). (160)
i?j
The first two terms in the summation operator capture the volume of trade driven by re-

alignment trades of investors who are newly matched and hold a portfolio that is aligned for
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spot transactions and relationships, respectively. The last term represents volume of trade
by investors currently in a relationship who trade after receiving a preference shock.
One way to view volume of trade for spot transactions is as consisting only of realignment

trades by investors. Spot volume, which we denote as V*, is given by the following expression:

VS:QSZ( “las — o] + nl7]as —aj|> (161)
2%
There will be those investors who hold a spot portfolio but are mismatched with respect

to their preference type (first term), and those investors who hold relationship portfolios

(potentially mismatched) and wish to transition to spot portfolios (second term).

Effective Spreads We can compute effective spreads for investors both conditional on the
particular trading arrangement and as a market-wide measure. First, the effective spreads

for relationship trades, 8", and spot transactions, §*, are given as

. $ilay)  (anf] +dmnf) i — aj  onitlai — aj
S_ZZ<|0JZ'_CL]‘|X %4 +Z |az—a| %4

(162)

and

ZZ( ocn us!is_a |>+Z(‘f(jgj| . ocn W'SS aj|). (163)

1§
We can also compute the market-wide effective spread as

B (an¥ 4+ Amn™) ¢s(a;) + a*nli ¢ (af) aniigi(af) + a’nli ¢3 (a;)
_ZZ< : ijT’_’_Vs : +Z< : V?"_I,_VS )

i jF 12
(164)

which weights the per-unit fees by the fraction of market-wide volume they account for.
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E Endogenous Relationships Numerical Procedure

Here I detail the numerical procedure used to solve the model. We have that the expected

discounted lifetime utility of a matched investor is given by V;(a) = pa + V; where V; solves

V; = max

a,e

(165)

wi(@) —x(@) A XermVila) o a(e)Wi(a)
{r+)\+5(é)_pa+ rEA+ (@) +r+A+6(é)}'

We also have the expected discounted lifetime utility of an unmatched investor given by

Wi(a) =

rui(a) + A5 mui(a) ol —n)pa Lod=n) [“V@' A2, ijj} (166)

K(k+ ) K K K+ A

where k = r 4+ a1l —n). Writing the first-order condition for optimal asset demands we

obtain a mapping between asset holdings and effort levels given by the equation

EiRk [(li + /\)e + 5(1 — 6)] —|—§/\5(1 . 6)} 1/0.

k(K + N) (ke + 6(1 — e))rp (167)

) = |

We can substitute this expression into equation (165) to reduce the objective function of the

investor into a choice of effort levels as follows

(a:(e)) — v(e A miVi(a(e 5(e)YW;(a;(é

e [ OO X@) AT e mV(@@) | s@Wie@)) g
é r+ A+ 0(€) r+A+6(€) r+ A+ 0(€)
The laws of motion for the distribution of investors can be written as below
e = a(m —nl) —d(e)ny — Anlt + Amn™  for all 4 (169)
ni =0 foralli#j (170)
nge = 0(e;)nlt — any — And + Am; ank + Amng.  for all ¢ (171)
ki

Y= Am > nd 4+ Amnl; — anl — AnY, for all j # i. (172)

k#j
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After using the fact that in a steady-state, the measure of investors in relationships must be

constant, we obtain the following identity

an" = Zé(ez)nz1 (173)

Using this relation, we can solve for the steady-state distribution of investors across states

and obtain that

mi(a + An™) :

Mm=————2 forall 174
Mai a+ A+d(e) oratt (174)
ni =0 foralli#j (175)
ng = ((j(;—i?;i)) d(e;)nlt  for all 4 (176)

Amid(ej)n'm
PG (177)

where

i )

m_ o(e;)miax d(e;)mA o
" _(a_za+/\+5(e,-)> <a+z&+)\+5(ei)> (178)

is the steady-state measure of investors in relationships.

E.1 Algorithm

To solve the model numerically, the general algorithm proceeds as follows:
1. Guess an initial inter-dealer price py.
2. Guess an initial value function V.

3. Taking as given the initial guesses of the value function and interdealer price of the

asset, find the optimal policy rule e (effort choice) that solves equation (168).

4. Tterate the Bellman equation until convergence taking as given that eg is the optimal

policy rule.
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5. Given the converged value functions, compute the new policy rule e;. If the new policy
rule e; deviates from the initial guess ey, set ey = e; and go back to step 4. If the new

policy rule e; = eg, the policy rule has converged and move to the next step.

6. Taking as given the converged policy rule and value functions, compute total asset de-
mand. If total asset demand deviates from the total asset supply, adjust the interdealer

price as needed and go back to step 3. Otherwise, the model has been solved.

E.2 Calibration Details

The calibration of the model proceeds by minimizing the sum of squared deviations of
model moments from their targeted data counterparts with a vector of six parameters, 1) =
[X,a,0,\,n,(], as the argument of minimization. Minimal constraints are imposed on 1)
except that it must lie in the set ¥ such that: x,«, o, A > 0 and n € [0, 1]. The minimization
problem is given below.

min[(m(y) — mr) @ my]'[(M(Y) — mr) © my] (179)

pew

The vector of theoretical moments consists of the following six equations describing asset
turnover, the effective spread, average normalized trade size, relationship separation prob-
ability, the fraction of retail sized trades, and the number of trades per security. Asset
turnover is computed as the total volume of trade expressed as a fraction of the asset supply

and writes

_ (180)

)\Zﬂ] aj — CMH‘CIZTL Jai —ajl|/

The effective spread, expressed as a percentage of the interdealer price can be computed as

S = 1 Z ( qbz(%) (anyl + )\ﬂ-in?}) |ai B aj‘) (181)

=V
T=12

where
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®;(ay) = n[Vi(a;) — W‘(aj)] (182)

di(a;) = Bia;) — r+)\+5 ka a;) (183)

denote the intermediation fees. The average, normalized trade size is computed as

om + /\7Tz ]J ) ‘CL,L' — aj]) (184)

avg size =
g g;l (Zk,l;«ék (anjj, + Amnt) LTS

where LTS simply denotes the largest observed trade size present in the market. The

relationship separation (destruction) probability can be computed as

=3 Z—: (1 - e““eﬂ). (185)

It is the average probability, conditional on being matched, that a destruction shock arrives
and the relationship is terminated. The MSRB Fact Book (2009) report the distribution
of trade sizes for 8 categories of trades: $0 < z < $25k,$25k < x < $50k,$50k < z <
$75k,875k < x < $100k,$100k < = < $500k,$500k < = < $1,000k,31,000k < z <
$2, 000k, $2, 000k < x. To compute the empirical largest trade size, I simply take the average
of the largest category of trades, i.e., the average of the trades greater than $2 million. Call
this figure LT S44.ta. Then, the theoretical fraction of retail sized trades is the fraction of
trades that are less than 500k /LTS 414 % of the largest trade size, LT'S. Lastly, the number

of trades per security is given by the following expression

# trades = )\Zn?;(l — ) + ozZn;.‘i. (186)
i i+
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Hence, the theoretical moment vector is a 1 X 6 row vector given by

m(y) = [T,S,avg size,d, retail, # trades] (187)

which consists of the six targeted moments.
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