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The network structure of over-the-counter markets exhibits a core-

periphery structure: a few dealers are highly interconnected with a

large number of dealers, while a large number of small dealers are

sparsely connected. We build a search-based model of dealer network

formation and show that the core-periphery structure emerges from a

clientele e↵ect. Customers with heterogeneous liquidity needs endo-

geously sort across di↵erent dealers. Dealers that attract a clientele

of liquidity investors have a larger customer base, support a greater

fraction of inter-dealer transactions, and thus form the core. Dealers

that instead cater to buy-and-hold investors form the periphery.

In over-the-counter markets, transactions between dealers exhibits a core-

periphery network structure. A few highly interconnected dealers account for

a majority of both dealer-to-dealer and client-to-dealer transactions. These

dealers form the core, while a large number of sparsely connected dealers

trade infrequently and form the periphery. Core dealers place assets more

readily and provide greater liquidity; the opposite holds for peripheral deal-

ers. Li and Schürho↵ (2014) document these patterns for the municipal bond

market and Neklyudov, Hollifield, and Spatt (2014) for asset-backed securi-

ties.

Existing explanations of the core-periphery phenomenon rely on an ex-

ogenous heterogeneity among dealers. Atkeson, Eisfeldt, and Weill (2014)

and Zhong (2014) assume that agents that form the core are exogenously
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large. In Neklyudov (2012), agents that resemble core dealers have exoge-

nously superior trading technologies. Others, such as Kondor and Babus

(2013), take the network structure and, hence, agents’ network centrality as

given. Thus, we are yet to explain how core dealers grow large in the first

place, how they maintain their size and market share, and why they co-exist

with peripheral dealers and do not necessarily take them over.1

We build a search-based model of endogenous network formation that

explains (1) the relative size and network centrality of core and peripheral

dealers and (2) the intermediation chain among dealers. We show that a core-

periphery structure endogenously emerges from a clientele e↵ect. Customers

endogenously sort across di↵erent dealers depending on their liquidity needs.

Dealers that attract investors with frequent trading needs have a larger cus-

tomer base, support a greater fraction of inter-dealer transactions, and form

the core. Dealers that instead cater to buy-and-hold investors form the pe-

riphery.

We show this insight with a model that builds on Du�e, Garleanu, and

Pedersen (2005) and, in particular, on Vayanos and Wang (2007). We add

to their environment dealers and inter-dealer trades. We assume dealers are

ex-ante identical, but customers have heterogenous liquidity needs. At one

end of the spectrum are liquidity investors who want to buy quickly and turn

around and sell quickly. At the other end of the spectrum are buy-and-hold

investors. Dealers intermediate directly between customers, but also use the

inter-dealer market to supplement their liquidity provision to customers. We

allow a fully connected dealer market, but network weights (in particular,

transaction volumes between pairs of dealers) are endogenous.

In this environment, an asymmetric equilibrium exists with the following

properties. Core dealers have a larger customer base, intermediate larger vol-

umes of transactions directly between customers, and charge customers nar-

rower bid-ask spreads. In the inter-dealer market, core dealers also provide

greater liquidity (by trading volume and transaction speed) to other dealers.

For the liquidity they provide, core dealers charge other dealers larger bid-

ask spreads. Peripheral dealers, in contrast, rely heavily on the inter-dealer

market to supplement their liquidity provision to customers. Bonds, as a

result, go through longer intermediation chains with peripheral than with

core dealers. Peripheral and core dealers, however, provide clients the same

liquidity immediacy.

Additionally, our model sheds light on the e↵ects of dealer interconnect-

edness and market fragmentation. We show that dealer interconnectedness

1For recent network models specific to the interbank loan market, see, for example,
Farboodi (2014) and Wang (2014).

2



improves bond liquidity: it increases the aggregate volume of transactions,

narrows bid-ask spreads, and speeds up transaction times. Greater liquid-

ity, in turn, alleviates misallocations: a larger number of investors with the

greatest utility for the bond own the bond. The more e�cient asset alloca-

tion increases customer welfare, while larger volumes of trade increase dealer

profits. The total welfare, as a result, increases.

Inter-dealer market fragmentation, in contrast, does not a↵ect the to-

tal welfare.2 Customers—indirectly, through their dealers and their dealers’

connections—connect to every other end-customer in the economy. As a re-

sult, in a fully connected dealer network, the final allocation of assets (hence,

the total welfare) do not depend on the number of dealers or how clients sort

across dealers.

Although market fragmentation does not a↵ect the total welfare, it deter-

mines how the welfare is split between customers and dealers. By assumption,

customers’ bargaining power increases with the length of the intermediation

chain (that is, the number of dealers involved in a chain). By lengthening the

intermediation chain, customers tilt the gains from trade in their favor at the

expense of dealers. Since a greater number of dealers in the economy imply

long intermediation chains on average, customers benefit from fragmentation.

The increase in customers’ welfare, however, comes at the expense of dealer

profits. Dealers prefer for some dealers to exit so that the inter-dealer market

is as concentrated as possible.

Our model also explains the observed network persistence. In Hugonnier,

Lester, andWeill (2014), transactions among agents resemble a core-periphery

structure. Investors in the middle of an intermediation chain form the core.

In their model, however, market participants randomly switch between dif-

ferent valuations, implying that a dealer that is a core dealer one period can

randomly become a peripheral dealer the next period and vice versa. In real-

ity, networks and trading patterns are highly persistent (see Li and Schürho↵

(2014)). In our model, dealer networks are persistent as long as the distri-

bution of customers’ liquidity needs is persistent. Liquidity investors of our

model could be, for example, investment funds that track indices and trade

frequently; buy-and-hold investors could be pension funds. Our results im-

ply that dealer networks are persistent because the distribution of liquidity

demands in the economy is persistent.

We proceed as follows. Section 1 presents the model. In Section 2, we

derive the clientele equilibrium and compare liquidity and prices that core

and peripheral dealers provide to customers and, on the inter-dealer market,

2We capture market fragmentation by the aggregate number of dealers in the economy.
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to other dealers. Section 3 gives additional results on how dealer intercon-

nectedness and market fragmentation a↵ect customer welfare, dealer profits,

bond liquidity, and bond prices. Section 4 concludes.

1 Model

Time is continuous and goes from zero to infinity. Agents are risk neutral,

infinitely lived, and discount the future at a constant rate r > 0. A bond is

an asset with supply S and pays a coupon flow �.

The economy is populated by two sets of agents, investors and three

dealers. Dealers are indexed by i 2 N , where N = {1, 2, 3} is the set of

dealers. A flow of investors enter the economy as buyers, choose a dealer,

and, upon buying a bond through a dealer, become bond owners. Bond

owners enjoy the full value of the bond coupon flow until they experience a

liquidity shock and become sellers. Bonds yield sellers a flow utility � � x,

where x > 0 is sellers’ disutility of holding the bond. Upon selling the bond,

the investor exits the economy.

Buyers di↵er in the intensity with which they receive the liquidity shock,

denoted by k.3 After purchasing a bond, a k-type buyer expects to hold

the bond for a period of 1

k

. Thus, buyers are heterogenous in their trading

horizon. Those with a high switching rate (k) have a short trading horizon

( 1
k

) and expect to have to sell quickly, while buyers with a small k expect to

hold the bond for a long time. The distribution of buyers is characterized

by the density function f̂(k) with support [k, k]. The flow of buyers with

switching rates in [k, k + dk] is then f̂(k)dk.

A k-type buyer chooses dealer i with probability ⌫

i

(k) according to

⌫

i

(k) =

8

>

>

>

>

<

>

>

>

>

:

1 V

b

i

(k) > max
j 6=i

V

b

j

(k)

[0, 1] if V

b

i

(k) = max
j 6=i

V

b

j

(k)

0 V

b

i

(k) < min
j 6=i

V

b

j

(k),

(1)

where V b

i

(k) denotes the expected utility of a k-type buyer who is a customer

of dealer i, and
P

i2N
⌫

i

(k) = 1. Once a buyer chooses a dealer, we assume he

remains a client of that dealer throughout his life-cycle. In particular, if he

has to sell at a later date, he can sell only through his dealer. Figure 1

illustrates the life-cycle of clients.

3If buyers get the liquidity shock before they buy, they exit the economy.
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Figure 1: Clients of dealer i: buyers, owners, and sellers
The figure illustrates in dashed (black) lines clients’ life-cycle from a buyer to an owner
to a seller. Solid (blue) lines represent bond transaction flows intermediated through a
dealer.
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⌘
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The functions µ̂

b

i

(k) and µ̂

o

i

(k) are such that µ̂

b

i

(k)dk and µ̂

o

i

(k)dk are the

measures of buyers and owners with switching rates k in [k, k+dk]. For later

reference, we denote the aggregate mass of sellers and buyers as:

µ

s

N

⌘
X

i2N

µ

s

i

. (4)

µ

b

N

⌘
X

i2N

µ

b

i

. (5)

Dealers and Intermediations

Dealers intermediate bond transactions for customers who, otherwise, face

an infinitely large search cost of directly finding another customer. Dealer i

produces matches among her buyers and sellers according to

M

i

⌘ �µ

s

i

µ

b

i

, (6)

where � is an exogenous e�ciency of her matching ability. We assume dealers

do not hold inventory. They buy a bond from one client and instantly sell to
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another client only after they have pre-arranged the match.

A dealer supplements her liquidity provision to customers through dealers

in her network. Dealer i’s network, denoted by N

i

, is the set of dealers that

dealer i is connected to. We assume each dealer is connected to every other

dealer, N
i

= {j 2 N : j 6= i} for all i. We define two dealers i and j as

connected if they share their clients with each other. A link with dealer j

gives dealer i access to dealer j’s mass of sellers and buyers, µs

j

and µ

s

j

. It is

symmetric for dealer j. The masses of sellers and buyers aggregated across

dealer i’s entire network are µ

s

N

i

⌘
P

j2N
i

µ

s

j

and µ

b

N

i

⌘
P

j2N
i

µ

b

j

, respectively.

The total number of bonds dealer i intermediates on the inter-dealer market

is4

M

N

i

⌘ �µ

s

N

i

µ

b

i

+ �µ

s

i

µ

b

N

i

, (7)

where �µs

N

i

µ

b

i

and �µ

s

i

µ

b

N

i

are the number of bonds dealer i buys and sells on

the inter-dealer market, respectively.

In our environment, trading frictions manifest as waiting periods after

a dealer or client has submitted an order with a dealer. Customers and

dealers can instantly contact other dealers and submit their orders. But,

after receiving orders, dealers take time in producing the actual matches,

thus creating wait times for clients and other dealers. Our specification is

realistic. In practice, customers and dealers can easily call up and put an

order through dealers, but immediate transactions are not guaranteed.

4An alternative interpretation of our specification is as follows. Dealer i takes as inputs
(µs

i

+µ

s

Ni
) on the sell side and µ

b

i

on the buy side and produces a total number of matches
according to the matching technology �(µs

i

+ µ

s

Ni
)µb

i

. In addition, dealer i also helps
intermediate transactions in which other dealers in dealer i’s network use her sellers:
�µ

s

i

µ

b

Ni
, where µ

b

Ni
⌘

P

j2Ni

µ

b

j

.
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Figure 2: Clients, Dealers, and Inter-Dealer Trades
The figure illustrates the model environment. Dashed (black) lines represent clients’ life-
cycle between di↵erent types (buyer, owner, and seller). Solid (blue) lines represent bond
transaction flows. The size of circles represent the size of client measures.
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Market clearing

The supply of bonds circulating among customers of dealer i, denoted by s

i

,

equals the measure of customers who currently hold the bond:

ˆ
k

k

µ̂

o

i

(k)dk + µ

s

i

= s

i

. (8)

For market clearing, the number of bonds circulating across all dealers has

to equal the aggregate supply of the bond, S:

X

i2N

s

i

= S. (9)

Inter-dealer trades

We ensure that, in the steady state, a dealer is not growing or shrinking.

The total number of bonds dealer i sells and buys on the inter-dealer market

are �µ

s

i

µ

b

N

i

and �µ

s

N

i

µ

b

i

, respectively. Equating the two ensures that she is
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neither a net buyer or a seller on the inter-dealer market:

�µ

s

i

µ

b

N

i

= �µ

s

N

i

µ

b

i

. (10)

Transitions

To ensure that population measures are constant in the steady state, a flow

of investors switching to a particular type has to equal the flow of investors

switching out of that type.

A flow of f̂(k)⌫
i

(k)dk of type k 2 [k, k + dk] investors become buyers

of dealer i. Among k-type buyers, some experience a liquidity shock and

exit the economy with intensity k; others buy a bond through the dealer

with intensity �(µs

i

+ µ

s

N

i

). Thus, the population measure of k-type buyers

is determined by

⌫

i

(k)f̂(k)dk = kµ̂

b

i

(k)dk + �

�

µ

s

i

+ µ

s

N

i

�

µ̂

b

i

(k)dk. (11)

Similarly, the population measure of k-type owners is given by

�

�

µ

s

i

+ µ

s

N

i

�

µ̂

b

i

(k) = kµ̂

o

i

(k). (12)

The left hand side is the flow of buyers that turn into k-type owners of dealer

i; the right hand side reflects the flow of owners that experience a liquidity

shock and switch to sellers.

Prices

Prices arise from bargaining. The end-seller and the end-buyer each cap-

ture z(n) fraction of the total gains from trade, where z(n) is a customer’s

bargaining power, and n is the number of dealers involved in the interme-

diation chain. Dealers split equally the remaining 1 � 2z(n) fraction. We

assume customers’ bargaining power increases with the length of the inter-

mediation chain: z(n + 1) > z(n). This assumption ensures an existence of

an asymmetric equilibrium.

Figure 3 depicts the characterization of prices. We denote by V

s

i

, V b

i

(k),

and V

o

i

(k) the expected utility of a seller, k-type buyer, and k-type bond

owner, respectively, who are customers of dealer i. From Nash-bargaining, a

seller of dealer i sells to his dealer at the bid price

p̂

bid

i,j

(k) = (1� z(n))V s

i

+ z(n)(V o

j

(k)� V

b

j

(k)) (13)

if the buyer at the other end of the intermediation chain is a k-type buyer of
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dealer j. Dealer i turns around and sells to dealer j at the inter-dealer price:

P̂

i,j

(k) = (1� 2z(n))V s

i

+ 2z(n)(V o

j

(k)� V

b

j

(k)). (14)

We denote dealer-to-dealer prices with capital letters (P ) and client-to-dealer

prices with small letters (p). After purchasing the bond from dealer i, dealer

j sells to his buyer at the ask price

p̂

ask

i,j

(k) = z(n)V s

i

+ (1� z(n)) (V o

j

(k)� V

b

j

(k)). (15)

If j = i, the intermediation is among a buyer and seller of the same

dealer i, and the inter-dealer price P̂

i,j

(k) is irrelevant. If j 2 N

i

, the bond

transaction instead involves an inter-dealer trade, and the end-buyer and

seller are customers of di↵erent dealers.

Figure 3: Prices from Bargaining
The total gains from trade is the di↵erence between the end-buyer and end-seller’s reser-
vation values. Prices are such that the two end-customers each capture z(n) fraction of
the total surplus; dealers split equally the remaining 1 � 2z(n) fraction.
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Value Functions

The expected utility of a k-type buyer who is a customer of dealer i is given

by

rV

b

i

(k) = k

�

0� V

b

i

(k)
�

+
X

j2{i,N
i

}

�µ

s

j

�

V

o

i

(k)� V

b

i

(k)� p̂

ask

j,i

(k)
�

. (16)

The first term reflects the change in the buyer’s utility if he gets a liquidity

shock before he is able to buy. In the second term, if j = i, the transaction is

with another customer of the same dealer. If j 2 N

i

, the transaction instead

involves an inter-dealer intermediation chain, and the end-seller is a customer

of another dealer j.

Analogously, the expected utility of a k-type bond owner who is a cus-
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tomer of dealer i is given by

rV

o

i

(k) = � + k (V s

i

� V

o

i

(k)) . (17)

The expected utility of a seller who is a customer of dealer i is given by

rV

s

i

= � � x+
X

j2{i,N
i

}

 ˆ
k

k

�µ̂

b

j

(k)
�

p̂

bid

i,j

(k)� V

s

i

�

!

. (18)

Definition. A steady state equilibrium is expected utilities

�

V

o

i

(k), V b

i

(k), V s

i

 

i2N ,

population measures

�

µ̂

o

i

(k), µ̂b

i

(k), µs

i

 

i2N , the distribution of bond supply

across dealers {s
i

}
i2N , prices

n

p̂

bid

i,j

(k), p̂ask
i,j

(k), P̂
i,j

(k)
o

i,j2N
, and entry deci-

sions {⌫
i

(k)}
i2N such that

1. Value functions solve investors’ optimization problems (16)–(18).

2. Population measures and the distribution of bonds across dealers solve

inflow-outflow equations (11)–(12), market clearing conditions (8)–(9),

and inter-dealer transactions equations (10).

3. Prices arise from bargaining (13)–(15).

4. Entry decisions {⌫
i

(k)}
i2N solve (1) and

P

i2N
⌫

i

(k) = 1.

2 Results

2.1 Clientele Equilibrium

In this section, we numerically derive results using the parameter values in

Table 1. Most of the proofs for below propositions and lemmas remain to be

completed. The following lemma shows that a symmetric equilibrium exists,

where dealers are identical.

Lemma 1 (Symmetric Equilibrium). There exists a unique symmetric equi-

librium, where each k-type buyer chooses all dealers with an equal probability.

We focus on the asymmetric equilibrium of Proposition 1. Without loss of

generality, we label the dealer that endogenously attracts the slowest buyers

(that is, the most buy-and-hold investors) as dealer 1, the dealer that attracts

clients with intermediate liquidity needs as dealer 2, and the dealer that

attracts clients with greatest liquidity need as dealer 3. Other asymmetric

equilibria have identical properties but indices on the dealers reversed.
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Proposition 1 (Clientele Equilibrium). There exists a unique asymmetric

equilibrium. It is characterized by cuto↵s {k⇤
1

, k

⇤
2

}, where k < k

⇤
1

< k

⇤
2

< k,

buyers with k < k

⇤
1

choose dealer 1, with k 2 [k⇤
1

, k

⇤
2

] choose dealer 2, and

with k > k

⇤
2

choose dealer 3. Buyers at the cuto↵ k = k

⇤
1

are indi↵erent

between dealers 1 and 2: V

b

1

(k⇤
1

) = V

b

2

(k⇤
1

), and buyers at the cuto↵ k = k

⇤
2

are indi↵erent between dealers 2 and 3: V

b

2

(k⇤
2

) = V

b

3

(k⇤
2

).

Table 2 shows the numerical values of the equilibrium cuto↵s {k⇤
1

, k

⇤
2

},
and Figure 4 illustrates the result.

Figure 4: Cuto↵s {k⇤
1

, k

⇤
2

}

k
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k
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Proposition 2 (Properties of the Clientele Equilibrium). Suppose i > j.

• Dealers that attract relatively more liquidity investors have a larger

number of buyers and sellers: µ

b

i

> µ

b

j

and µ

s

i

> µ

s

j

.

• Dealers that attract more buy-and-hold investors have more owners and

a larger supply of bonds in circulation: µ

o

i

< µ

o

j

and s

i

< s

j

.

As Proposition 2 shows, the dealer that attracts more liquidity investors

has a faster turnover among her clients and, as a result, a larger buyer and

seller customer base. The dealer that instead attracts buy-and-hold investors

has a slower turnover among her clients, fewer buyers and sellers, more bond

owners, and a greater supply of bonds among clients. Figure 11 illustrates

the properties.

We measure dealers’ network centrality by their volume of inter-dealer

trades, M

N

i

, given in (7). In the literature, two common ways to mea-

sure centrality are (1) the number of counterparties a dealer has and (2)

the number of counterparties weighted by the trade volume. Since, in our

environment, the number of links is identical across dealers, our measure is

equivalent to (2). We define dealer i as more central (hence, core) than dealer

j if dealer i intermediates larger volumes of inter-dealer trades (M
N

i

) than

dealer j.

Definition 1. Dealers i and j are defined as relatively core versus peripheral

if M
N

i

> M

N

j

.

Proposition 3 gives the main insight of our paper.
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Proposition 3 (An Endogenous Core-Periphery Structure). The dealers that

attract more liquidity investors intermediate more:

1. Trades directly between its customers, M

i

> M

j

, and

2. Inter-dealer trades, M

N

i

> M

N

j

, and, hence, form the core.

As part 2 shows, the endogenous heterogeneity in dealers’ client base

(from Propositions 1 and 2) maps into an endogenous dealer heterogeneity

on the inter-dealer market. At one end, dealer 1 is the most peripheral dealer;

at the other end, dealer 3 is the most central dealer. Figure 5 demonstrates

the result.

A key ingredient for the endogenous dealer heterogeneity is search fric-

tions (� < 1). Absent trading frictions (� ! 1), the dealer heterogeneity

and hence the core-periphery structure do not arise.

Figure 5: An Endogenous Core-Periphery Structure
The figure illustrates the endogenous core-periphery structure. Dashed (black) lines repre-
sent clients’ life-cycle between di↵erent types (buyer, owner, and seller). Solid (blue) lines
represent bond transaction flows. The size of circles represent the size of client measures.
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2.2 Prices and Liquidity Provided to Customers

In this section, we compare liquidity and prices that core versus peripheral

dealers provide to clients. Since prices are specific to dealer-pairs as well

12



as to customer types, we aggregate prices as follows.5 An average buyer of

dealer i expects to buy at:

p

ask

i

⌘ E

b

i

2

4

1

µ

s

N

X

j2{i,N
i

}

µ

s

j

p̂

ask

j,i

(k)

3

5

, (19)

The expression inside the expectations operator is the price k-type buyer

expects to pay, and E

b

i

averages across buyers of dealer i.6

The price a seller of dealer i expects to sell at is the weighted average

price across buyers of dealer i and buyers of dealers in dealer i’s network

(that is, across all buyers in the economy):

p

bid

i

⌘ 1

µ

b

N

X

j2{i,N
i

}

µ

b

j

E

b

j

[p̂bid
i,j

(k)], (20)

where E

b

j

[p̂bid
i,j

(k)] is the weighted average price across buyers of dealer j.

We define the expected round-trip transaction cost as the expected ask

price minus the expected bid price normalized by the mid-point:

�

i

⌘ p

ask

i

� p

bid

i

0.5(pask
i

+ p

bid

i

)
. (21)

The transaction speed is the time a dealer takes to place a bond with a

client. A buyer purchases a bond through her dealer with intensity
�µ

b

i

µ

s

N

µ

b

i

=

�µ

s

N

, where the numerator is the total number of bonds dealer i places with

buyers. The buyer’s wait time is then ⌧

b

i

⌘ 1

�µ

s

N

. Similarly, a seller’s wait

time is ⌧ s
i

⌘ 1

�µ

b

N

.

Proposition 4 (Prices and Liquidity Provision to Clients). Suppose dealer

i is a core dealer, while dealer j is peripheral.

1. Customers of core dealers buy and sell at more favorable prices: p

ask

i

<

p

ask

j

and p

bid

i

> p

bid

j

.

2. Core dealers charge clients narrower bid-ask spreads: �

i

< �

j

.

3. For clients, transaction speeds are identical across core and peripheral

dealers: ⌧

b

i

= 1

�µ

s

N

and ⌧

s

i

= 1

�µ

b

N

for all i 2 N .

Clients of core dealers trade at more favorable prices than clients of pe-

ripheral dealers. As buyers, they buy cheaply, and as sellers, they sell at a

high price. The bid-ask spreads they face are also narrower.

5Appendix A explains in detail the intuition behind how we aggregate prices.
6In particular, for some function f(k), Eb

i

[f(k)] =
´
k

k

µ̂

b
i (k)
µ

b
i

f(k)dk.
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Thus, core dealers attract liquidity investors with favorable prices and low

round-trip transaction costs. In turn, core dealers benefit from the frequent

turnover and trading needs that characterize the liquidity investors. Figure

12 shows these results.

Core and peripheral dealers, however, provide identical transaction speeds

to their clients. The intuition is as follows. A core dealer has a large customer

base of her own. She supplements her own pool with a small number of clients

of peripheral dealers she is connected to. A peripheral dealer, in contrast,

has a small customer base of her own, but has access to the large pool of

clients of a core dealer she is connected to. Thus, aggregating a dealer’s own

client base with that of other dealers in her network, core and peripheral

dealers provide the same liquidity immediacy to their clients.

2.3 Prices and Liquidity in the Inter-Dealer Market

In this section, we analyze prices and liquidity that an arbitrary dealer,

indexed d, faces from a core (i) versus from a peripheral dealer (j). We

denote prices and bid-ask spreads from dealer-to-dealer transactions with

capital letters, P and �, to contrast them from client-to-dealer transactions,

p and �, that are in lower case.

Dealer d buys from dealer i 2 N

d

at price P̂
i,d

(k), defined in (14), if dealer

d’s client is a k-type buyer. The weighted average price across all dealer d’s

buyers is

P

buy

i

= E

b

d

[P̂
i,d

(k)]. (22)

Conversely, a dealer sells to dealer i at price P̂

d,i

(k) if the other dealer’s

client is a k-type buyer. The weighted average price across buyers of the

other dealer is

P

sell

i

= E

b

i

[P̂
d,i

(k)]. (23)

We define the bid-ask spread as the expected purchase price minus the

expected sale price normalized by the midpoint:

�
i

=
P

buy

i

� P

sell

i

0.5P buy

i

+ 0.5P sell

i

. (24)

Although P

buy

i

, P

sell

i

, and �
i

are specific to dealer d, for exposition, we sup-

press their dependence on d.

Proposition 5 (Prices and Liquidity Provision in the Inter-Dealer Market).

Suppose dealer i is a core dealer, while dealer j is peripheral.
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1. Interdealer prices from a core dealer are lower than from a peripheral

dealer: P

buy

i

< P

buy

j

and P

sell

i

< P

sell

j

.

2. Core dealers charge other dealers wider bid-ask spreads than peripheral

dealers: �
i

> �
j

.

3. Core dealers buy and sell more than peripheral dealers: �µ

s

d

µ

b

i

> �µ

s

d

µ

b

j

and �µ

b

d

µ

s

i

> �µ

b

d

µ

s

j

.

4. Core dealers provide greater liquidity immediacy:

1

�µ

b

i

<

1

�µ

b

j

and

1

�µ

s

i

<

1

�µ

s

j

.

Core dealers provide greater liquidity to other dealers. First, they trans-

act greater volumes. The number of bonds an arbitrary dealer d sells and

buys on the inter-dealer market are �µ

s

d

�

µ

b

i

+ µ

b

j

�

and �µ

b

d

(µs

i

+ µ

s

j

), respec-

tively, where i is a core dealer and j is a peripheral dealer. Since core dealers

have a larger number of buyers and sellers, core dealers intermediate larger

fractions of transactions for other dealers. As a corollary, peripheral dealers

rely relatively more on the inter-dealer market than on their own customer

base when filling customer orders. For a core dealer, in contrast, intermedia-

tions directly between customers constitute a relatively larger fraction of all

the intermediations she is involved in.

Second, core dealers provide more liquidity immediacy. Dealer d sells and

buys from dealer i with intensities
�µ

s

d

µ

b

i

µ

s

d

= �µ

b

i

and
�µ

b

d

µ

s

i

µ

b

d

= �µ

s

i

, respectively.

Since core dealers have a larger number of buyers and sellers, they provide

faster transaction speeds in the inter-dealer market: 1

�µ

b

i

<

1

�µ

b

j

and 1

�µ

s

i

<

1

�µ

s

j

.

For the liquidity they receive, dealers face less favorable prices and higher

bid-ask spreads from core dealers. Recall that the opposite holds for dealer-

customer transactions: customers of core dealers pay narrower bid-ask spreads.

Figure 13 shows these results.

Thus, we summarize one of the main insights of our paper: The large cus-

tomer base of core dealers supports core dealers’ superior liquidity provision

in the inter-dealer market (in terms of transaction volumes and transaction

speeds). The large customer base of core dealers itself endogenously arises

from the characteristics of clients that self-select with core dealers (namely,

investors with frequent trading needs). The mechanism works in reverse for

peripheral dealers.
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3 Additional Results

3.1 Dealer Interconnectess

In this section, we contrast environments with and without the inter-dealer

market and show that dealer interconnectedness increases customers’ welfare,

dealer profits, bond liquidity and bond prices.

The environment without the inter-dealer market is fragmented: Dealers

do not trade with one another, but intermediate between only their own

customers. We assume the supply of bonds circulating among customers of

each dealer is identical at s
i

= S/3. The environment is similar to Vayanos

and Wang (2007), but markets in their setting map into dealers in our setting,

and we have more than two dealers. Table 2 shows the equilibrium cuto↵s

{k⇤
1

, k

⇤
2

}. Similar to the intuition from Vayanos and Wang (2007), dealers

that attract liquidity investors provide greater liquidity to clients (in terms

of transaction speeds and bid-ask spreads) than dealers that attract buy-

and-hold investors. For the greater liquidity they provide, dealers of liquidity

investors charge their clients higher prices.

We define customers’ welfare as

W

c

⌘
X

i2N

[

ˆ
k

k

µ̂

b

i

(k)V b

i

(k)dk +

ˆ
k

k

µ̂

o

i

(k)V o

i

(k)dk + µ

s

i

V

s

i

. (25)

+
1

r

ˆ
k

k

V

b

i

(k)f̂(k)⌫
i

(k)dk]

For dealer i, the present value of the stream of flow profits is

⇡

i

⌘1

r

ˆ
k

k

�µ̂

b

i

(k)µs

i

(1� 2z(1))
�

V

o

i

(k)� V

b

i

(k)� V

s

i

�

dk (26)

+
1

r

X

j2N
i

 ˆ
k

k

�µ̂

b

i

(k)µs

j

✓

1� 2z(2)

2

◆

�

V

o

i

(k)� V

b

i

(k)� V

s

j

�

dk

!

+
1

r

X

j2N
i

 ˆ
k

k

�µ̂

b

j

(k)µs

i

✓

1� 2z(2)

2

◆

�

V

o

j

(k)� V

b

j

(k)� V

s

i

�

dk

!

.

The first term captures profits from intermediations directly between her

customers. The second and third terms are profits from buy and sell inter-

dealer transactions, respectively. The total profit across dealers is

⇧ ⌘
X

i2N

⇡

i

. (27)
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The total welfare of all agents in the economy is then

W

all

⌘ W

c

+ ⇧. (28)

As Lemma 2 shows, the total welfare depends only on one endogenous vari-

able: the aggregate mass of sellers µs

N

.

Lemma 2. The total welfare is given by

W

all

=
�

r

S � x

r

µ

s

N

. (29)

The first term is the present value of the stream of bond coupon flows.

The welfare in a frictionless environment corresponds to this term because

only investors that enjoy the full value of the coupon flow own the bond.

Search frictions, however, create misallocations: investors (with total mass

µ

s

N

) who dislike holding the bond (x) own the bond also. Thus, the second

term represents the welfare loss from search frictions.

Lemma 3 (The E↵ect of Interconnectedness). Customers’ welfare (W

c

), the

aggregate dealer profit (⇧), and the total welfare (W

all

) increase with dealer

interconnectedness.

The presence of the inter-dealer market improves bond liquidity: it in-

creases the aggregate volume of transactions, narrows bid-ask spreads, and

speeds up transaction times. Greater liquidity, in turn, alleviates misalloca-

tions: a larger number of investors who enjoy the full value of the coupon

flow (hence, fewer sellers) own the bond. The more e�cient asset alloca-

tion increases customer welfare, while larger volumes of trade increase dealer

profits. The total welfare, as a result, increases.

Second, since bonds are held proportionately more by investors with the

greatest utility for them, bond prices increase and, in particular, approach

the frictionless price. For the parameter values in Table 1, the measure of

buyers is greater than the total bond supply; consequently, buyers are the

marginal investors in the bond. In a frictionless environment (� ! 1),

the bond price is the present value of buyers’ valuation of the bond, p = �

r

.

With frictions, low-valuation investors also hold the bond; hence, bond prices

are discounted relative to the frictionless price. Thus, the more e�cient

allocation of bonds and the increase in bond prices imply that bond prices

approach the frictionless price.

Third, the dispersion of prices and liquidity across dealers decreases, and

dealers become more similar to one another. Fourth, we proxy dealers’ inven-

tory balance by the ratio of their sellers to buyers. Without the inter-dealer
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market, the ratio di↵ers across dealers and is higher for dealers that cater to

buy-and-hold investors. With the inter-dealer market, as Lemma 4 shows,

the ratio is identical across dealers; hence, dealers achieve what looks like a

full inventory risk-sharing.

Lemma 4. In the presence of the inter-dealer market, the inventory balance

is identical across dealers:

µ

s

i

µ

b

i

=
µ

s

N

µ

b

N

. (30)

3.2 Market Fragmentation

In this section, we analyze how inter-dealer market fragmentation a↵ects

customer welfare, dealer profits, and bond liquidity. Keeping the level of

interconnectedness fixed, we increase market fragmentation by increasing the

aggregate number of dealers in the economy. In particular, we compare three

environments with di↵erent aggregate number of dealers : (1) one dealer

(that is, dealers are merged into one), (2) two dealers (dealers are merged

into two), and (3) the benchmark environment with all three dealers. In

the latter two cases, since multiple equilibria exist, we compare across only

the asymmetric equilibrium of each environment. In the environment with

just one dealer, the supply of bonds circulating among the dealer’s clients is

simply the aggregate supply of bonds, S.

Lemma 5. The cuto↵s and the number of dealers do not a↵ect: (1) the aggre-

gate mass of sellers, µ

s

N

, (2) the aggregate volume of trade,

P

i2N

�

M

i

+ 1

2

M

N

i

�

,

or (3) the total welfare in the economy, W

all

.

Lemma 5 shows that market fragmentation does not a↵ect the social wel-

fare. Customers—indirectly, through their dealers and their dealers’ connections—

connect to every other end-customer in the economy. Thus, in a fully con-

nected inter-dealer network, how clients sort with di↵erent dealers does not

a↵ect the final allocation of assets. As a result, transaction volumes, the ef-

ficiency of asset allocation, and, hence, the total welfare are identical across

network structures with varying fragmentation.

Proposition 6 (The E↵ect of Market Fragmentation). Customers’ welfare

increases, but dealers’ profits decrease with market fragmentation: ⇧(n
N

+

1) > ⇧(n
N

) and W

c

(n
N

+ 1) < W

c

(n
N

).

As Proposition 6 shows, market fragmentation instead a↵ects how the

total welfare is split between customers and dealers. By assumption, cus-

tomers’ bargaining power increases with the length of the intermediation
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chain (that is, the number of dealers involved in a chain). By lengthening

the intermediation chain, customers as a group tilt the gains from trade in

their favor at the expense of dealers. Since a greater number of dealers in the

economy imply long intermediation chains on average, the most fragmented

inter-dealer market yields the largest customer welfare. The increase in cus-

tomers’ welfare, however, comes at the expense of dealer profits. Dealers

instead prefer for some dealers to exit so that the inter-dealer market is as

concentrated as possible. Figure 15 shows the result.

Consider now the e↵ect of fragmentation on bond prices and the bid-

ask spreads that clients face. To compare prices across di↵erent network

structures, we take the weighted average across dealers:

p̄

ask

⌘ 1
P

i2N

�

1

2

M

N

i

+M

i

�

X

i2N

✓

1

2
M

N

i

+M

i

◆

p

ask

i

�

(31)

p̄

bid

⌘ 1
P

i2N

�

1

2

M

N

i

+M

i

�

X

i2N

✓

1

2
M

N

i

+M

i

◆

p

bid

i

�

(32)

�̄ ⌘ 1
P

i2N

�

1

2

M

N

i

+M

i

�

X

i2N

✓

1

2
M

N

i

+M

i

◆

�

i

�

. (33)

As Figure 14 shows, bond prices increase, while bid-ask spreads narrow with

market fragmentation. Thus, for clients, the expected round-trip transaction

cost decreases when the average intermediation chain lengthens, reaching the

minimum in the environment with three dealers.

4 Conclusion

The network structure of over-the-counter markets exhibits a core-periphery

structure: a few dealers are highly interconnected with a large number of

dealers, while a large of number of small dealers are sparsely connected. We

build a search-based model of dealer network formation and show that the

core-periphery structure emerges from a clientele e↵ect. Customers with

heterogeneous liquidity needs endogenously sort themselves with di↵erent

dealers. Dealers that attract a clientele of liquidity investors have a larger

customer base, support a greater fraction of inter-dealer transactions, and

form the core. Dealers that instead cater to buy-and-hold investors form the

periphery. Inter-dealer market fragmentation improves customer welfare but

at the expense of dealer profits.
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A Aggregating Prices

For intermediations directly between clients, Figure 6 illustrates expected prices that clients

of dealer i face.

Figure 6: Prices
The figure illustrates prices from transactions in which a dealer intermediates directly between her cus-
tomers. �b

i

(k) denotes the reservation value of the k-type buyer of dealer i.

V

s

i

p

bid

i

p

ask

i

E

b

i

[�b

i

(k)]

z z z

For transactions that instead involve an inter-dealer chain, Figure 7 illustrates the price

that di↵erent dealers’ average buyer expects to pay. In particular, substituting the defini-

tion of p̂ask,I
i,j

(k), given in (15), into the definition of pask,I
i

, given in (19), and simplifying,

p

ask,I

i

can be expressed as

p

ask,I

i

= z

I

V

s

j2N
i

+ (1� z

I

)Eb

i

⇥

�b

i

(k)
⇤

,

where �b

i

(k) = V

o

i

(k) � V

b

i

(k) denotes the reservation value of a k-type buyer of dealer i,

and

V

s

j2N
i

⌘ 1
P

j2N
i

µ

s

j

X

j2N
i

µ

s

j

V

s

j

. (34)

In (34), V
s

j2N
i

is the average reservation value of sellers in dealer i’s network. Thus, an

average buyer of dealer i expects to buy at a price that lies between the average reservation

value of sellers in dealer i’s network and the reservation value of the average buyer.

Figure 7: Prices from an End-Buyer’s Perspective
The figure illustrates the price that di↵erent dealers’ average end-buyer expects to pay for transactions
that involve an inter-dealer chain.
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Similarly, Figure 8 illustrates the prices di↵erent dealers’ end-sellers face from transac-
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tions that involve inter-dealer chain. Substituting p̂

bid

i,j

(k), given in (13), into the definition

of pbid,I
i

, given in(20), pbid,I
i

can be expressed as

p

bid,I

i

= (1� z

I

)V s

i

+ z

I

�
b

j2N
i

,

where

�
b

j2N
i

⌘ 1
P

j2N
i

µ

b

j

X

j2N
i

µ

b

j

E

b

j

[�b

j

(k)]. (35)

Figure 8: Prices from an End-Seller’s Perspective
The figure illustrates prices from an end-seller’s perspective (i.e. bid prices) for transactions that involve
an inter-dealer chain.
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B Proofs

Proof of Lemma (5). From and writing µ

s

N

= µ

s

i

+
P

j2N
i

µ

s

j

, the measure of sellers of dealer

i,µs

i

, is determined by:

ˆ
¯

k

k

f̂(k)⌫i(k)�µs

N

k (k + �µ

s

N

)
dk + µ

s

i

= s

i

Summing across dealers, we get

ˆ
¯

k

k

f̂(k)�µs

N

k (k + �µ

s

N

)
dk + µ

s

N

= S.

Thus, the aggregate measure of sellers µs

N

does not depend on the particular cuto↵s or the

number of dealers.

Proof of Lemma (4). The inter-dealer constraints are

µ

s

i

µ

b

N

i

= µ

s

N

i

µ

b

i

.
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Substituting µ

b

N

i

= µ

b

N

� µ

b

i

and µ

s

N

i

= µ

s

N

� µ

s

i

, we get

µ

s

i

�

µ

b

N

� µ

b

i

�

= (µs

N

� µ

s

i

)µb

i

.

From this, we get (30).

C The Observed Network Structures

Figure 9: The Observed Network Structure in Municipal Bond Market
The figure shows the network structure of inter-dealer transactions of municipal bonds as documented in
Li and Schürho↵ (2014). Nodes are dealers. The top plot shows just the most active dealers; the bottom
plot shows the entire dealer market.

Figure 1: Dealer network topology

The figure illustrates the network structure of dealers in the municipal bond market in terms of the order flow between

the dealers. Each node represents a dealer firm. Each arrow represents directed order flow between a pair of dealers.

In Panel A, we impose the restriction that order flow between two dealers exceeds 10,000 transactions over the sample

period. In Panel B, we plot the dealer network using all transactions. The plots are generated using multidimensional

scaling.
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Figure 1: Dealer network topology

The figure illustrates the network structure of dealers in the municipal bond market in terms of the order flow between

the dealers. Each node represents a dealer firm. Each arrow represents directed order flow between a pair of dealers.

In Panel A, we impose the restriction that order flow between two dealers exceeds 10,000 transactions over the sample

period. In Panel B, we plot the dealer network using all transactions. The plots are generated using multidimensional

scaling.
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Figure 10: The Observed Network Structure in ABS, CDO, CMBS Markets
The figure shows the network structure of inter-dealer transactions of asset-backed securities (ABS), col-
lateralized debt obligations (CDOs), and mortgage backed securities (CMBS) as documented in Hollifield,
Neklyudov, Spatt (2014). Nodes are dealers. The size of the nodes represent dealer sizes by number of
transactions.
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D Model Figures

Figure 11: Clientele Equilibrium Properties
The figures plot the number of owners, buyers, and sellers and bond supply as functions of dealer centrality
(in x-axis). Dealer centrality is measured by the total number of inter-dealer transactions that a dealer
intermediates, M

Ni . See Section 2.1 for more detail.
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Figure 12: Liquidity and Prices Customers Face
The figures plot liquidity and prices clients face as functions of dealer centrality (in x-axis). Network
centrality is measured by the total number of inter-dealer trades that a dealer intermediates, M

Ni . See
Section 2.2 for more detail.
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Figure 13: Liquidity and Prices Dealers Face from Other Dealers
The figures plot liquidity (transaction times and bid-ask spreads) and prices that dealer d faces from core
versus peripheral dealer i. The x-axis is network centrality of dealer i, measured by the total number of
inter-dealer transactions, M

Ni . See Section 2.3 for more detail.
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Figure 14: Bond Prices and Liquidity as Functions of the Inter-Dealer Market Fragmenta-
tion (from Clients’ Perspective)
The figures plot the average bond prices and bid-ask spreads in the economy as functions of the inter-dealer
market fragmentation, measured by the aggregate number of dealers in the economy: 1, 2, and 3 dealers.
See Section 3.2 for more detail.
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Figure 15: Dealer vs. Client Portions of the Total Welfare as Functions of the Inter-Dealer
Market Fragmentation
The figure plots clients and dealers’ portion of the total welfare as functions of the inter-dealer market
fragmentation, measured by the aggregate number of dealers in the economy: 1, 2, and 3 dealers. The
total welfare does not change with the aggregate number of dealers, only how the total welfare is split
between customers versus dealers. See Section 3.2 for more detail.
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Table 1: Parameter Values
This table gives the parameter values chosen for the numerical analysis.

Variable Notation Value

Bond coupon blow � 1
Disutility of holding the bond x 0.5
Support of customer distribution [k, k̄] [1,5]
Dealers’ matching e�ciency � 100
Supply of bonds S 0.3
Risk-free rate r 0.04
1 - Customer bargaining power, n=1 z(1) 4
1 - Customer bargaining power, n=2 z(2) 3

Table 2: The Equilibrium Cuto↵s

Fragmented Clientele

k

⇤
1 1.55717 1.89443

k

⇤
2 2.59545 3.1563
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Table 3: Equilibrium Properties

Variable Notation No Inter-dealer, 3 dealers With Inter-Dealer, 3 dealers One dealer
Peri. (1) Peri. (2) Core (3) Peri. (1) Peri. (2) Core (3)

Bond supply s

i

0.1000 0.1000 0.1000 0.1318 0.0936 0.0746 0.3000

Num. of owners µ

o

i

0.0741 0.0731 0.0722 0.1202 0.0799 0.0584
Total across dealers µ

o

N

0.2193 0.2586 0.2586

Num. of sellers µ

s

i

0.0259 0.0269 0.0278 0.0116 0.0137 0.0162
Total across dealers µ

s

N

0.0807 0.0414 0.0414

Num. of buyers µ

b

i

0.0356 0.0543 0.0931 0.0403 0.0474 0.0561
Total across dealers µ

b

N

0.1831 0.1438 0.1438

Seller to buyer ratio µ

s

i

/µ

b

i

0.7277 0.4958 0.2988 0.2882 0.2882 0.2882 0.2882

Table 4: Prices and Liquidity Provision to Clients

Variable Notation No Inter-dealer, 3 dealers With Inter-Dealer, 3 dealers One dealer
Peri. (1) Peri. (2) Core (3) Peri. (1) Peri. (2) Core (3)

Client-to-Dealer Trades M

i

0.0925 0.1464 0.2588 0.0469 0.0648 0.0906
Dealer-to-Dealer Trades M

Ni 0.2405 0.2635 0.2835
Total transactions M

i

+ M

Ni 0.0925 0.1464 0.2588 0.2874 0.3283 0.3741 0.5960
Total across dealers

P

(M
i

+ M

Ni) 0.4977 0.5960

Bid price p

bid

i

16.4726 16.6851 16.8797 19.2317 19.2326 19.2334 18.8161
Ask price p

ask

i

16.5608 16.7462 16.9172 19.2720 19.2564 19.2450 18.8512
Bid-ask spread (%) �

i

0.5338 0.3659 0.2219 0.2094 0.1237 0.0602 0.1860

Table 5: Inter-Dealer Prices

Variable Notation From Peripheral From Core

Price at which dealer d buys P

buy

i

19.2700 19.2703
Price at which dealer d sells P

sell

i

19.2544 19.2433
Bid-ask spread (%) �

i

0.0810 0.1404

Table 6: Customer Welfare and Dealer Profits

Variable Notation No Inter-dealer, 3 dealers With Inter-Dealer, 3 dealers One dealer
Peri. (1) Peri. (2) Core (3) Peri. (1) Peri. (2) Core (3)

Customer welfare W

c

i

1.97188 1.93935 1.90987 2.98178 2.05259 1.59492 6.45983
Total across dealers W

c 5.82109 6.62929

Dealer profit ⇡

i

0.20384 0.22387 0.24254 0.11829 0.11660 0.11776 0.52210
Total across dealers ⇧ 0.67024 0.35264

Total welfare W

all

6.49133 6.98193 6.98193
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