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Abstract

Skilled intermediaries can represent multiple investors, generating
economies of scale in screening costs. However, locating competent in-
termediaries recreates the screening friction. I provide a framework to
study the structure of intermediation chain, focusing on its length, sector
size, skill distribution, and effort choice. Counterintuitively, efficient in-
termediation does not rely on intermediaries being more skilled. Longer
chains enhance welfare and reduce the market power of the intermediary
sector. Moreover, self-selection of intermediaries into two heterogeneous
layers can lead to greater efficiency compared to structures with ho-
mogeneous qualities across layers. These findings have implications for
delegated asset management industry.
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1 Introduction

Intermediation chains are vital in facilitating transactions across various mar-
kets. These chains consist of upstream intermediaries who screen and select
downstream intermediaries, creating a layered structure. For example, direct
investment is time consuming and challenging, and investors therefore often
rely on financial intermediaries to access the capital market. They select finan-
cial advisors (layer 1), who recommend pension funds or fund-of-funds (layer
2), which then choose hedge funds or private equity (PE) funds (layer 3),
ultimately selecting underlying assets.

Despite their prevalence, intermediation chains pose intriguing questions
and lack comprehensive theoretical guidance in the literature. For example,
there are almost as many equity funds as the number of public companies in
the U.S..! If investors struggle to pick a portfolio of underlying stocks, how do
they navigate the selection of funds? Additionally, why do numerous equity
index mutual funds, as much as 42% (Jiang, Vayanos, and Zheng, 2020), track
the S&P 500 index, offering essentially identical services? Finally, why do we
witness the existence of lengthy intermediation chains, and what trade-offs do
they entail??

This paper constructs a novel framework based on matrix algebra to exam-
ine some key factors of intermediation chains, including chain length, sector
size, skill distribution, and effort choices within each layer. To illustrate, con-
sider a simplified example:

Introductory Example

Imagine an economy with Ny = 1 mass of atomistic investors. Each investor
needs a portfolio. For simplicity, the quality of the portfolio is binary. A
fraction np of the them are good, providing a payoff of 1 when invested, while
others are bad, offering no payoff. A fraction ng of the investors can skillfully
screen the financial market to find good portfolios, while unskilled investors

can only randomly select. Investor welfare W is given by

Wo =mno + (1 —TL()) np.

!By the end of 2017, the number of U.S. listed companies was 4,336 compared to 4,234
U.S. equity investment funds (including exchange-traded funds and mutual funds). See
Detrixhe (2018).

2An illustrative example of a long intermediation chain in the financial market can be
observed in the shadow banking credit intermediation chain, as highlighted by Adrian et al.
(2012) and He and Li (2022).



The maximum potential welfare is 1, achieved when all investors invest in good
portfolio. The source of welfare loss (1 — Wy = (1 —ng) (1 —np)) arises from
the 1 — ng unskilled investors’ inability to find good portfolios.

Next, a single layer of intermediaries is introduced (I = 1). Each investor
selects an intermediary (financial advisor) who, in turn, selects a portfolio
from the market. Similar to the investors, a fraction ng of the intermediaries
are skilled and capable of finding good portfolios, while the rest are unskilled
and choose portfolios at random. Skilled investors can leverage their ability
to identify a skilled intermediary, while unskilled investor randomly select an
intermediary. (The ability of the skilled investors to screen intermediaries is
not crucial in a longer chain I > 1.) Welfare in this case is calculated as

follows:
W1 :Tbo—l—(l—no) [ns—l—(l —ns)np] :7’L0—|—(1—TLQ) [1— (1—77,5) (1 —np)].

Feature 1 [Efficient Intermediation Does Not Require Superior
Skill]: For any quality of the intermediary sector ng € (0,1), intermediation
improves welfare: Wy > W, for any ng,np € (0,1).

This feature may seem counter-intuitive. In particular, even if the inter-
mediary sector is less skilled than the investors on average (ng < ng), and has
lower quality than the asset market (ng < mp), it remains more efficient to
have an intermediary sector.

The reasoning behind this seemingly paradoxical feature is straightforward.
Skilled investors can obtain good a portfolio independently or through a skilled
intermediary, leaving their payoff unaffected. Unskilled investors, however, re-
ceive a higher payoff due to the probability ng that they can encounter skilled
intermediaries capable of delivering good portfolios. Even if they encounter
unskilled intermediaries (probability 1 —ng), these intermediaries provide ran-
dom portfolios as the unskilled investors would have obtained independently.
Consequently, the ng fraction of skilled intermediaries increases the chances
for unskilled investors to find good portfolios.

Now, suppose there are I layers of homogeneous intermediaries. A fraction
ng is skilled in each layer. Investors select intermediaries in layer 1; interme-
diaries in layer ¢ choose those in the subsequent layer; and intermediaries in
the final layer select the portfolios.

The skilled intermediaries effectively create an absorbing state: They con-



sistently locate skilled intermediaries in the following layers until the final
layer delivers good portfolios. Similarly to the single-layer case (I = 1), skilled
investors can receive good portfolios through a sequence of skilled intermedi-
aries. Unskilled investors eventually receive bad portfolios with a probabil-
ity of (1 —ng)’ (1 —np), that is they repeatedly find unskilled intermediaries
throughout the I layers and ultimately receive a bad portfolio. The welfare in

the economy is therefore
W1:n0+(1—n0) 1—(1—715)1(1—7113)

Note that I = 0 and I = 1 nest the previously calculated Wy and W as special
cases.

Feature 2 [Longer Chains Improve Efficiency]: For any ng,ng,np €
(0,1), Wy is increasing in I and approaches the first best

fim Wi =1

Welfare increases as the chain lengthens because unskilled investors have a
higher probability of obtaining good portfolios. Each additional layer provides
them with another opportunity to move towards the absorbing state created by
the skilled intermediaries. Importantly, this feature holds even when investors
lack the ability to screen intermediaries, for example, when all investors are
unskilled (ny = 0) or, equivalently, when skilled investors cannot redirect their
skills to screen intermediaries.

Feature 3 [Diminishing Marginal Benefit of a Layer]: As the inter-
mediary chain lengthens, the marginal welfare contribution of one additional

layer diminishes
lim W[ — W]_l — 0.

I—00

This feature immediately follows from the previous convergence property
(even when the limit is less than 100%). The diminishing effect becomes par-
ticularly relevant when market power of the intermediary sector is introduced
later in the paper. It implies that a longer chain lowers the market power for
the entire intermediary sector.

Additional Ingredients and Roadmap of the Paper

Building on these features, the baseline model in Section 2 considers three

additional factors. First, the success probability of skilled intermediaries may



not reach 100% and may require effort input. Second, effort incentives may
depend on the compensation received by each intermediary sector. Third,
intermediaries may exert market power when setting compensation in equi-
librium. Finally, Section 4 studies intermediaries self-selection into different
layers based on their skill levels and the entry cost of each layer.

Several additional insights emerge from the baseline model. First, effort
increases in the downstream of the intermediation chain (Subsection 3.1). The
convergence property in Feature 2 renders investors’ as well as upstream inter-
mediaries’ screening outcome inconsequential, as they can rely on the screening
effort of subsequent layers. In contrast, intermediaries in the final layers are
highly motivated to exert effort as their selection directly affects the delivery
of good portfolios. Second, longer chains diminish the market power of the
entire intermediary sector, potentially eroding the effort incentive along the
chain. This creates a tradeoff between achieving probability convergence and
providing an effort incentive (Subsection 3.2). Based on this tradeoff, one can
derive the optimal chain length I* for a given investor size Ny. Third, as the
investor sector (Ny) grows, an asymptotically efficient structure is established
(Subsection 3.3). This structure features a chain length that scales with the
number of investors in a power-law manner (I = N, where a > 0 possibly
small) and a logarithmic order of effort-making layers (Ip = Slog Ny) at the
tail of the chain. Finally, when skilled intermediaries can only imperfectly
screen, a simple condition is derived (Subsection 3.4) to determine whether
intermediation outperforms direct market access for investors.

In cases where intermediaries can self-select into layers based on their
skill types, a two-layer intermediation chain (I = 2) can enhance both in-
vestor payoffs and total welfare to an efficient level. The corresponding chain
structures display heterogeneous skill distributions across the two layers. One
high-quality layer is exclusively composed of skilled intermediaries, while the
remaining intermediaries (both skilled and unskilled) enter the other layer.
Under such structures, investors enjoy a high probability of finding good
portfolios without the need for individual screening efforts. Other structures
with mixed-quality intermediaries in both layers are less efficient, and the
bimodal-efficiency feature remains robust across different effort specifications
and screening technologies (Subsection 4.4).

It is worth noting that the effort patterns differ based on whether the first
or second layer is of high quality. If the first layer is high quality (Subsection



4.2), intermediaries in both layers need to intensively screen. Conversely, if the
second layer is of high quality (Subsection 4.3), only those in the second layer
engage in rigorous screening in the asset markets, while no additional effort
is exerted along the chain. Different structures can emerge as equilibrium
outcomes depending on entry costs. An example of the first structure is the
bank (layer 1) and loan originator (layer 2) chain, while some relevant examples
featuring a high-quality second layer include the fund-of-funds (layer 1) and
underlying PE or hedge fund (layer 2) chain.

As an extension and robustness analysis, I explore the scenario of multiple
asset markets, as outlined in Subsection 5.1. In this case, intermediation
introduces what I call “two-sided economies of scale,” and this effect is best
illustrated within a single-layer setting (Diamond 1984). On the one hand,
skilled intermediaries exert substantial effort to screen a wide range of markets
on behalf of investors, and these effort costs are shared by a large number
of investors. On the other hand, skilled investors exert significant effort in
identifying skilled intermediaries, and their effort costs are mitigated by the
broad array of markets that skilled intermediaries can cover for them. Other
extensions to the analysis encompass a more generalized compensation package

(Subsection 5.2) and scenarios with more than two skill types (Subsection 5.3).

Literature Review

The literature on intermediation encompasses various perspectives and expla-
nations for the existence of middlemen in different markets. For instance,
middlemen can play a crucial role in matching buyers and sellers effectively
(Rubinstein and Wolinsky 1987). In the presence of informational frictions,
middlemen may have stronger incentives to become experts and provide qual-
ity certification due to their extensive transaction volume (Biglaiser 1993,
Biglaiser and Friedman 1994, Lizzeri 1999). In financial markets, financial in-
termediaries, such as banks, naturally emerge as delegated monitors on behalf
of small depositors (Diamond 1984). Market makers serve as intermediaries
who match buyers and sellers in the securities market and absorb excess supply
or demand (Glosten and Milgrom 1985). Intermediation can also arise when
an informed party wishes to sell information through a third party, such as
mutual funds (Admati and Pfleiderer 1990), or when agents collaborate to pro-

duce information, such as index providers or asset managers (Ramakrishnan



and Thakor 1984, Garleanu and Pedersen 2018). While each paper presents
interesting explanations for intermediation, many of these models simplify the
market structure by featuring only a single layer of intermediaries. Instead
of providing another rationale for intermediation, my focus is on the market
structure of intermediation chains, offering predictions on the chain length,
sector size, skill distribution, and effort choices. Even in the single-layer con-
text, many of existing stories rely on the intermediaries being more skilled than
their clients, whereas my model shows that superior skill is not a necessity for
efficient intermediation.

Several recent papers have also explored intermediation chains. Glode and
Opp (2016) and Glode, Opp, and Zhang (2019) demonstrate that intermedi-
aries mitigate informational frictions within each trading layer, increasing the
likelihood of efficient transactions. When the chain is sufficiently long, the in-
formation asymmetry within each layer diminishes, allowing for fully efficient
trades. He and Li (2022) illustrate how a credit chain formed by interme-
diaries facilitates firms with long-term projects in accessing cheaper funding
from overlapping-generation households in the form of short-term debt. While
intermediation reduces the inefficiency associated with trading debt claims
among households, it introduces rollover risks for intermediaries. The optimal
length of the credit chain is endogenously determined, striking a balance be-
tween the trade-offs. From a different perspective, Dasgupta and Maug (2021)
argue that excessive layers of inefficient delegation can arise when decision
makers have reputation concerns and prefer to pass decisions to a third party,
preserving their reputation in case of failure. In addition to offering a dis-
tinct mechanism from these studies, my model provides a novel insight that
even short chains can achieve full efficiency. Among many other differences,
I demonstrate that efficiency is typically achieved through the final layers of
the chain, and motivating effort in the initial layers proves to be both difficult
and unnecessary.?

While most of the aforementioned papers take the participants in interme-
diary sectors as fixed, I draw inspiration from Kaniel and Orlov (2020) who
study how agents with privately observed skill levels decide to join and leave

the (single-layer) intermediary sector. In my work, I also examine the endoge-

3This feature is in sharp contrast to models without effort choice, such as Glode and Opp
(2016), Glode, Opp, and Zhang (2019), and He and Li (2022), where each layer resolves a
fraction of the inefficiencies gradually.



nous participation of agents in the intermediary sectors, but I abstract from
the contracting problem between the agent and intermediary sectors. Instead,
I focus on the self-selection of agents into different layers of the intermediation
chain.

Berk and Van Binsbergen (2022) investigate the presence of charlatans in
high-skill professions, similar to the unskilled intermediaries in my model. In
their single-layer intermediation model, they find that the existence of charla-
tans may improve investor welfare by increasing competition for skilled agents,
thereby making prices more competitive. My work complements their findings
by considering the distribution of charlatans along the intermediation chain
and offering insights into their impact on the overall efficiency. Related to
the applications of the model, in context of the delegated asset management,
Gennaioli, Shleifer, and Vishny (2015) show that delegation to a less skilled
fund manager may be possible due to the trust that investors place in the fund
managers. My paper offers a rational story for this phenomenon.

Finally, the layered structure of the model lends itself to the literature on
corporate hierarchy, including Calvo and Wellisz (1979), Qian (1994), Chen
(2017), and Garicano (2000). This literature study the efficient distribution
of labor force across different layers in order to achieve better monitoring or
knowledge sharing. Interpreting my model in this context, I study a different
underlying friction — to select the correct (skilled) workers for production.
Novel to the literature and relevant in practice is that each layer contains
agents with different types. For example, CEOs need to select the suitable
high-level managers who in turn needs to select the suitable lower-level man-
agers who in turn select skilled workers. The results also provide new insights.
A multi-layer structure can improve the success probability up to an endoge-
nous limit. Simultaneously, each layer becomes less critical, lowering the total

wage bill.

2 Baseline Model

2.1 Model Setup

Consider an economy with Ny atomistic investors. Each investor needs an
investment portfolio. There is also a unit mass of intermediaries forming an

I-layer chain between the investors and the asset market. The term "player"



is used generically to refer to both investors and intermediaries. The special
case where I = 0 corresponds to investors directly invest in the asset market
without any intermediaries.

Investors receive portfolios in the following process. Each investor chooses
an intermediary from layer 1, who in turn chooses an intermediary from layer
2, and this process continues until the players in the final layer I (or investors
if I = 0) choose portfolios. Note that "choosing an intermediary" does not
necessarily mean selecting only one, but rather choosing a “portfolio” of inter-
mediaries with certain average quality. As will be clear, the average quality
(skill level) of the selected (set of) intermediary is the only relevant variable.

For simplicity, I consider binary quality types, that is some of the players
are skilled and similarly, some of the portfolios are good. I broadly refer to
the fraction of good portfolios/skilled players in layer i as the quality of that
layer, denoted by n;. As a notational convention, the investor sector is indexed
layer 0 and the asset market is indexed layer I + 1, with ng and n;41 = np
denoting the fraction of skilled investors and good portfolios. For now, I rule
out the self-selection of intermediaries into different layers (which will be the
key consideration in Section 4) and simply assume each layer i = 1,2, ..., [ has
a homogeneous structure. The sector size N; = % and the quality n;, = ng,
where ng is the total number (equivalently fraction) of skilled intermediaries.

A good portfolio generates 1 unit of payoff and a bad one generates 0. One
can interpret “good portfolio” as one with superior risk-return tradeoff, and the
associated payoff as abnormal returns. Due to the scope of the paper, I assume
away the pricing aspect of portfolios and assume that they are non-rival, mean-
ing that multiple investors can choose good portfolios without affecting their
payoffs.? Skilled players in layer i € {0,1,..., 1} have screening technologies:
They can exert effort e; and incur cost ¢;(e;) to find skilled players or good
portfolios in the next layer with an improved probability P;(e;,n;11). The
remaining unskilled players do not possess this technology. They randomly
choose portfolios or intermediaries in the next layer, and find a good (skilled)
one with the unconditional probability n;,;. To simplify exposition in the base-
line model, I assume binary effort level {e, 0} with P;(e,n;11) = pe € (nit1, 1]

and P;(0,7m;+1) = n;41. I normalize ¢(0) = 0 and write ¢, = ¢(e). Later in Sec-

4Essentially, all players in the economy are price takers, and there are sufficient supply of
good portfolios. The key friction in the market is the difficulty to locate the good portfolios
amid the uncertainty in quality.



tion 4, I allow effort choice e; to be continuous.

structure in this intermediated economy.

Figure 1 illustrates a typical

OOX™
@@ @ P(ey,n,) @ P(e,,np)
@@ @ @ Good portfolios

PO Bad portfolios
QO™ @%@

1-P(0,n,) Asset
@@ 1-P(0,n,) Market
n,=2/3 n,=2/3

Figure 1 illustrates the structure of the economy. The abbreviations "S" and
"U" represent skilled and unskilled players. In this example, ny = g be-
cause 6 out of the 10 investors are skilled. Similarly, in both layers 1 and 2,
ny = ng = 2/3. The probabilities associated with each arrow indicate the
likelihood of the corresponding outcome. For instance, the probability that a
skilled intermediary in layer 1 finds a skilled intermediary in layer 2 is given by
P(e1,n2). For readability, some possibilities are omitted in the figure, whereas
thicker arrows indicate more likely outcomes due to effort input.

Intermediaries effort incentive comes from the performance pay r; for delivering

good portfolios to investors.® Investors therefore receive a net payoff

from investing in a good portfolio.® There are different ways to introduce mar-
ket power to the multi-layered intermediary sectors, and they are essentially
different ways to endogenize r; which captures how the total surplus is being
shared among investors and each intermediary sector.

Despite the lack of consensus, Shapley value, in my view, is a natural

way to endow each sector some market power. More specifically, each layer

°I do not allow the intermediary fee to depend on individual skill types. Similarly, I do not
allow skilled or unskilled intermediaries to signal through different contracts or certification
system. Essentially, any mechanisms that reveal skill types eliminate the only friction in
the model, thereby trivializing the problem. In practice, such a revelation may exists but is
unlikely to be perfect as “pooling” arrangements are often observed in many markets. For
instance, the “2-20” fee structure (2% management fee and 20% carried interest) is common
in the hedge fund industry.

6In Section 5.2, I show that introducing a fixed fee f that is based on the total asset
under management and independent of the quality of the portfolios does not materially
change the analysis.
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(including the investor layer) is a player in a cooperative game, and there are
a total of I + 1 players. A coalition of J < [ players has zero value, if it
does not include the investor sector. A coalition of J players that includes
the investor sector generates the value of a J — 1-layer intermediation chain.
With this naturally defined characteristic function, the set of {r;} ensures that
each sector receive its Shapley value in the game. The detailed mathematical
expression for Shapley value and the determination of r; will be provided in
Subsection 2.3. As a simple example, in the single layer case I = 1, the
intermediaries and the investors will equally share the surplus brought by
having the intermediary sector in the game. In a multi-layer setting, the
Shapley value can also be microfounded in a bargaining game where investors
and each intermediary layer negotiate the division of surplus (see Stole and
Zwiebel 1996 for details).

An alternative modeling choice to endogenize r; is to assume that the
intermediary sector is competitive in that the unskilled ones break even in all
layers (Section 4 implements this alternative).” Most of the results in Section 3
are robust to different ways to endogenize ;. However, Proposition 2 no longer
applies as its insight is based on how intermediary market power (which no

longer exists with a competitive fee r;) varies with chain length.

2.2 Payoffs and Welfare

The payoffs to investors and intermediaries quickly become complicated as the
chain gets longer I > 1, due to the many different paths that a investor may
receive a good portfolio. As part of the technical contribution of this paper, I
employ matrix algebra to achieve general tractability.

Define the following screening matrix

Pi(ei,n; 1 — Pi(ei,n; .
p, = i) (eomiv) N o190 1 (1)
Pi(0,ni41) 1— Fi(0,ni41)

which captures the probability that a skilled (resp. unskilled) player in layer i
finds a skilled /unskilled player in layer i+ 1 (or a good/bad portfolio if ¢ = I).

7 Another possibility is to assume that intermediaries break even on average ex-ante before
they learn their skill. The outcome is qualitatively identical to the specification in Section
4.
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A skilled player in layer ¢ > 0 receives

. 1
HS,z‘ = max,, Ng ng 1—ng H;';%)Pj ( 0 ) ﬁrix

N J/

~
investor flow through a skilled player (2)

10 >H]I~:iIP’j ( (1) ) —ci(e;).

J/

~
probability of a skilled player finding a good product

and similarly, an unskilled player in layer ¢ > 0 receives

: 0
HU,i = NO ( N ]_—no >H§;%)]P] ( 1 > ﬁ’irix

J/

~
investor flow through an unskilled player ( 3)

|
0 1 )H]f.:ipj

[\ J/

~
probability of an unskilled player finding a good product

where Ng; = n;N; and Ny; = (1 —n;) N; denote the mass of skilled and
unskilled players in layer i. Even though Ng; = ng% and Ny,; = (1 — ng)%
for © > 1 can be immediately simplified in the baseline model, I preserve the
generality of setup for later use in Section 4, where the self-selection of the
intermediaries by their skill types creates more complex structures.

To understand the payoff functions, the matrix product in the first row of
(2) captures the probability that a investor finds an skilled (resp. unskilled in
(3)) intermediary in layer i through the initial ¢ — 1-layer chain. There are a
total of Ny investors, and the total investor flow is shared by the number of
skilled (resp. unskilled in (3)) intermediaries in layer i. If a good portfolio is
delivered to a investor, the intermediary receives ;. The matrix product in
the second row of (2) captures the probability that a skilled (resp. unskilled
in (3)) player can find a good portfolio through the subsequent chain. Skilled
intermediaries also pay the effort cost ¢;(e;) € {0, c.} in (2).

It is useful to note that expressions (2) and (3) are general enough to admit
the investor payoff as a special case. When ¢ = 0, the first row simplifies to r
which is an investors’ payoff from a good portfolio, and the second row is the

probability that they receive a good portfolio through the chain.®

8The following convention applies: H;:lo P; is the identity matrix.
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The welfare in the economy is defined as the sum of the payoffs of all
investors and intermediaries. It captures the total payoff generated by invest-
ments and deducts the total effort and entry costs incurred by skilled players.
The total welfare as a function of the chain length and number of investors

can be expressed as:

W, = Zi[:o Ig;Ng; + Iy, (N; — Ns;)

I

1

1
= Ny ( nyg 1—mng > IT;_P; — ci(e;)Ng,i , (4)
0 —
=0
N -~ 7
total payoff in the game total effort costs by skilled players

Note that the intermediation fees (r;) are purely a transfer among players and
does not directly affect welfare since they cancel out in investor and interme-

diary payoffs.

2.3 Equilibrium Definition

The exogenous parameters of the baseline model include the number of in-
vestors Ny, the chain length I (which can be endogenized in Subsection 3.2),
the fraction of skilled investors, intermediaries, and good portfolios ng, ng,
and np, respectively. The equilibrium conditions of the baseline model are as
follows:

1. Optimal effort choices: The effort levels {ef|i > 0} are individually
optimal for skilled investors or intermediaries, as given by equation (2).°
2. Intermediary fees {r7|i > 1} are such that each (intermediary or in-

vestor) sector receives its Shapley value in the chain:

-1
1 1 Cy_ ~ ~
T;N0<n0 1—77,0)1_.[;0]?‘7(0)—C(G:)HZNZ:I+1ZC£+1 WS+1—W3
s=0 1

total payoff to layer i intermediaries

(5)
Condition (5) needs some explanation. The left-hand side is the total payoff

to layer i = 0,1, ..., I.1% The total mass of investors receiving good portfolio is

9For simplicity, I focus on symmetric equilibria in which all skilled intermediaries in a
given layer choose the same effort level. In equilibrium, all skilled intermediaries within a
layer face the same optimization problem.

10Tt can be easily verified that that the expression in the right-hand side equals My, Ny, +
IIs;Ns,;-
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1
Ny < ng 1—mng ) H]I-:OIP]- 0 ) The portfolio must flow through one of the

intermediaries in each layer. Players in layer ¢ receive r for each good portfolio
delivered to investors, and the skilled ones (mass n; N;) incurs effort cost if el #
0. The right-hand side is Shapley value associated with layer 7. By definition,
the Shapley value of layer ¢ in the chain is its average marginal contribution
to all possible coalitions formed by the other players. A coalition consisting
only of intermediaries does not generate welfare. Therefore, a coalition of size
s + 1 sectors only generates welfare if one of the sectors is investors. Denote
by W, the total welfare generated by an s-layer intermediation chain with N,
investors and N; = } (j = 1,2, ..., s) intermediaries in each layer. There are
C3*! ways to form a coalition with s + 1 sectors, among which C§_, includes
the investor sector with an s-layer intermediation chain. For the s-layer chain,
the marginal value of having one additional layer is W,,; — W, and hence the
expression (5).

Technical Details: There may be multiple equilibria. For instance, if
pe — np < c., that is, investors lack effort incentives when directly screen-
ing the asset market, a trivial equilibrium emerges where no intermediaries
make effort, and all intermediary fees r; = 0 for i > 1. Another, more efficient
equilibrium exists where skilled intermediaries in some final Iz layers exert
effort, as detailed in Proposition 2 later. Instead of selecting a specific equilib-
rium, I characterize the range of all possible equilibrium outcomes. Given the
equilibrium multiplicity, various coalition values W, may arise depending on
the selected equilibrium. T adopt the convention that a coalition with J € [0, []
layers of intermediaries mirrors the effort pattern of the full chain, where the
final Iy layers exert effort. This convention on effort pattern in a coalition can
also be supported as an equilibrium outcome in a J-layer chain when N is

large and each layer inherits the same fee r} as in the full chain.

3 Long Chain: Screening Efficiency and Market

Power Reduction

The added ingredients provide further insights beyond the introductory exam-
ple. Firstly, subsection 3.1 underscores the difficulty of incentivizing effort in

the upstream layers of the chain. Subsequently, in Subsection 3.2, I demon-
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strate that the overall market power of the intermediary sector diminishes
with the lengthening of the chain. Leveraging this observation, I show optimal
chain length I* that maximizes total welfare or investor payoff is generally fi-
nite. Additionally, as the number of investors Ny grows, I establish an efficient
chain length characterized by a power-law relationship I* ~ log Ny in Subsec-
tion 3.3. Finally, Subsection 3.4 furnishes an explicit criterion to determine

whether intermediation outperforms direct market access for investors.

3.1 Effort Pattern along the Chain

I start by characterizing the first set of equilibrium variables — effort choices
in each layer e. If skilled intermediaries in layer ¢ do not make effort, they are
equivalent to unskilled intermediaries, which immediately implies that no one
in previous layers need to exert effort. Therefore, only skilled intermediaries
in some final Ig layers make effort, i.e. when ¢ > I — I for some cutoff I > 0.

Mathematically, the screen matrices are given by

]__
P, = (”S nS)ifjg]—IE

ng 1—?15
e 1- e e -

P, = (p b >1f]2]—IE+1 (6)
ng 1—?15

To find the cutoff layer, consider the effort decision for the skilled inter-
mediaries in the first effort-making layer, ¢ = I — Iy + 1. Since no one in the
previous layers makes effort, each intermediary in this layer randomly receives
% investors.!! The effort decision by layer I — Iz + 1 only affects P;_r,41.

Hence, condition (2) implies that skilled players in layer i exerts effort if

Ny < Pe 1 —Dpe ng 1—mng I 1
—7r7 10 — IE_, P, > c,.
N[ I=Ig+1 { [( ng 1-— ns ng 1-— ns g=I-Ig+2"J 0 o

Simple algebraic manipulation yields the following key expression that char-

"Indeed, it should be easy to check that ( ng 1 —mng )P; =P;. Hence, the first row in

(2) simplifies to Ny (1 — ng) ﬁ,i” = %—?n.
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acterizes the effort pattern along the chain!?

—Ig+1 (pe — nS)IE 2 Ce. (7)

Condition (7) reveals a robust economic insight on its own: It is more diffi-
cult to incentivize effort in the upstream layers of the chain. Mathematically,
(7) is less likely to hold for a larger /. Hence, upstream layers (with a smaller
layer index I — I + 1) are less likely to start making effort. Intuitively, the
success of an upstream intermediary’s screening effort depends on whether the
selected downstream intermediaries can find a good portfolio. Each subsequent

layer amplifies this "indirectness,"

which is mathematically captured by the
term (p. — ng)'® in (7). In contrast, skilled intermediaries in the final layer
rely on their own effort to find a good portfolio without contamination from
other intermediaries. Hence, downstream intermediaries have stronger effort
incentives. This insight is robust to a general probability function P;(e;, n;41)

with continuous effort choice.!® Rearranging terms, I have the following result:

Proposition 1 There exists a cutoff layer

. CeNI
I = min {I, {log R (8)
P 11 No
where |-] denotes the floor function, such that skilled intermediaries in layer
1 make effort if and only if © > I — Ig. Additionally, the probability that an

inwvestor finds a good portfolio is

pUe) = pf [1 — (pe — ns)IEH] : (9)

where
P — L 10
e (10)

2The key to the derivation is to observe that (1 0 1-ng —(1-ns) > =

0 0
(1—ns)( 1 -1 )and( 1 -1 )Pj:(l—ns)( 1 -1 )
13When the probability function P;(e;,n;41) is continuous rather than binary, condition
(7) becomes

No
=y o (Pilei,niga) — Pi(0,mi41

OPr_1g1(er—1p+1, N—15+2)
~ )
I

Oer 141

= pp(er—rps1)-

Each subsequent layer in the chain reduces the marginal benefit of effort by P;(e;,n;y1) —
Pi (0, nH_l).
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As an important step in characterizing the long-chain result, Proposition
1 determines the effort pattern and the success probability. To better under-
stand (9), first note that < pl 1 —pf > is the left invariant distribution under
the screening matrix P in (6).!* The convergence of the investor’s success
probability towards the invariant probability p’ occurs at an exponential rate
when an additional effort-making layer is introduced. As a numerical example
for the converging speed, let’s assume that a skilled intermediary can find an-
other skilled intermediary with certainty through effort (p. = 1), and a fraction
ng = 0.5 intermediaries are skilled. In this case, the limiting probability p' is
equal to 1, and after I = 4 rounds of intermediation, the success probability
reaches approximately 1 — 0.5* ~ 94%.

The observation that each layer of the intermediation chain gradually solves
inefficiencies is indeed a common feature in the literature (Glode and Opp
2016, Glode, Opp, and Zhang 2019, and He and Li 2022). By incorporating
effort decisions, my model highlights a novel theoretical observation that the
resolution of inefficiencies is primarily achieved by the final (Ig) layers of the
chain.

Another related observation that will be useful in Subsection 3.2 is that,
for a given compensation structure r; and sector size N;, the number of effort-
making layers I is independent of the chain length I because it does not
appear in (7). Intuitively, the effort incentive depends only on the number of
subsequent layers until the asset market and is not influenced by the preceding
layers.

I conclude this subsection with an observation from the financial market.
Financial advisors arguably represent the first intermediary layer next to in-
vestors. My model predicts that financial advisors have little incentive to
screen. Empirically, Egan, Matvos, and Seru (2019) have shown that as many
as 7% of financial advisors have a misconduct record, with the number ex-
ceeding 15% in some of the largest firms. If one views financial advisory firms
as another intermediary layer in the chain, the model predicts that skilled
intermediaries are more likely to identify other skilled ones in the next layer,
creating an association between good firms and good financial advisors. These
authors indeed find supportive evidence from the opposite perspective: some
firms specialize in misconduct and cater to unskilled investors. On the other

end of the intermediation chain, private equity funds or hedge funds directly

141t can be easily verified that ( pt 1—pt )IP’ = ( pt 1 —pf ) and ng < pf < p1.
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invest in asset markets. Anecdotally, they typically attract top talents in the
financial market, and the turnover of unskilled fund managers is usually rapid.
As a result, these fund managers also exert high effort to identify abnormal

returns for assets under their management.

3.2 Intermediary Fee r; and Optimal Chain Length

In this subsection, I complete the equilibrium characterization by calculating
the second set of equilibrium variables — intermediary fee r}. A key qualitative
result is that a sufficiently long chain can eliminate the market power of the
intermediary sector. Consider the equilibrium fee 7 determined by the Shapley
value in (5). When the coalition size is at least s > Ig+ 1 (one investor sector
and I intermediary sectors), there is no marginal welfare creation (W (s+1) =
W (s)), as it is always those intermediaries in the final I layers exerting effort.
Therefore, an intermediary layer only contributes to the total welfare if the
existing coalition forms a chain fewer than I layers (s < Ig). After some

manipulations, condition (5) becomes:

Ip—1
< N; 1 N;
- i>I—Ip+1Cells —— -
No =R N

(11)

Note that the first term (the average welfare contribution) in (11) is inde-
1
1
librium fee only varies based on whether layer ¢ needs to be compensated for

o ple) _ 1 s+ 1
! [+1S:0 1

(P(s-H) . P(s) — Ccong

pendent of the layer index i (recall V; = 7 is a constant). Hence the equi-

their effort input in equilibrium. The initial I — Iz layers do not make effort,

and hence their fees (i < I — Ig) are given by

1 s 1
¥ = pet) _ pe)y _pg—r . 12
i = The (I +1) PUr) ; Ji ( ) c nSIN() (12)

Skilled intermediaries in the final Ig layers make effort and the corresponding
fees (i > I — Ig + 1) are therefore

1 el o 1 1
bk (+1) _ pls) _ .. L _
== ESET ;0 7 (P P CnS TR +CenSP(IE>INO'

(13)

Ignoring the effort compensation term that is vanishing small censNLO as Ny —

oo (this approximation is for illustration only and not required for the proof),
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the total compensation to the intermediary sector is approximately given by

Ip—1

. s+1 s s s+1 s
riPUB) T Z T4l (Pt+Y) — pB)) = Z =1 (1 —ns)™t. (14)

s=0 s=0

Essentially, the total market power of the intermediary sector (measured
by 71 or more precisely 7%, (I — Ig)+1r:1g) can be seen as a weighted average
of the marginal increase in the success probability due to each one of the Ig
effort-making layers. Recall from the discussion at the end of Subsection (3.1)
that Ig does not directly depend on I. Therefore, as the chain lengthens,
the market power of the intermediary sector diminishes (£ — 0). Intuitively,
when there are many layers, each layer becomes less pivotal and contributes
less to the total welfare (Feature 3 of the introductory example). However, the
investor sector is indispensable to create welfare and hence the result.

Now, I introduce the main result of this section that characterizes the

outcome as the chain length I varies.

Proposition 2 Given the size of the investor sector Ny, the chain length I
that maximizes the number of effort-making levels Ig is generally finite. Fur-
thermore, when the chain becomes excessively long, no intermediary makes

effort
lim [7 (1) = 0.

I—o00

In the case of a relatively short chain, all intermediary layers have effort
incentives (Ig = I) as their efforts significantly impact the probability of de-
livering a good portfolio (condition (7) is more likely to hold with a small Ig).
Consequently, due to their substantial welfare contribution, the corresponding
fee r} is relatively large. Here, the lengthening of the chain improves the suc-
cess probability (condition (9)) and simultaneously reduces the market power
of intermediaries (17 decreases).

As the chain becomes longer, the marginal contribution of each layer di-
minishes, leading to a decrease in the equilibrium fee ;. Consequently, the
number of effort-making layers Ir eventually decreases, with the extreme case
being no layers making effort (/g = 0).

A direct implication of this proposition is that the optimal chain length
is generally interior. However, I refrain from presenting a formal result be-
cause the exact optimal I* depends on the objective function. Depending on

the objective—whether it is maximizing investor payoff, total welfare, or the
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probability of finding good portfolios—the optimal length varies. Nonetheless,
the fundamental tradeoff remains consistent: a longer chain reduces the market

power of intermediaries but simultaneously diminishes their effort incentives.

3.3 Large Investor Sector: An Asymptotic Efficient Re-

sult

Up to this point, I have characterized the equilibrium outcome for any given
number of investors Ny;. Now, I demonstrate that if the investor sector is
sufficiently large, as is the case in many markets, a long chain construction

can achieve asymptotic efficiency.

Proposition 3 Suppose the number of investors Ny is sufficiently large. Let
the chain length I = N§ for any constant o € (0,1). Then as Ny — oo,
there exist a sequence of equilibria where the number of effort-marking layers

I satisfies:
lim —E_ — Lo >0 (15)
Nolgloo In N() N In (pe - ns)

In addition, both the skill and unskilled investor payoff approach p':

lim gy = lim Iy, =p'.
No—o00 ’ No—o0 ’

Finally, the welfare in the economy almost entirely accrues to investors:

The result is by construction. The chain length is constructed as a power
function of the investor size Ny. Given such a construction, I show that the
number of effort-making layers I grows logarithmically with Ny. This pattern
is primarily driven by the fact that effort incentive decreases exponentially as
a layer is farther away from the asset market (refer to condition (7)). The
presence of many effort-making layers (Ip — 00) drives the success probability
towards the invariant probability p' (see Proposition 1). The intermediaries’
effort costs are shared among the large number of investors, and hence the
welfare conclusion.

The reason why welfare almost entirely accrues to the investors is similar

to the intuition behind Proposition 2: The fraction of effort-making layers is
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vanishingly small in the entire chain ITE — 0. The presence of many non-effort-
making layers eliminates the market power of the entire intermediary sector.
As a result, the total fee paid to the intermediary sector (i.e. r}, (I —Ig) +
r¥Ip) becomes vanishingly small. Investors therefore receive almost all of the
surplus in the economy.

The introductory example can be considered as a special case where effort
ensures a good outcome with certainty (p. = 100%). In this case, the limiting
probability is also pf = 100%. Consequently, Proposition 3 demonstrates
that a long chain can create first-best efficiency even when each layer contains
both skilled and unskilled intermediaries and the intermediary sector possesses

market power.

3.4 Is Intermediation Beneficial?

Now I can provide a simple condition for when intermediation is efficient. If
investors directly screen in the asset market (I = 0), their payoff depends on
whether the skilled investors find it worthwhile to exert effort. When

Pe — Mg < Ce, (16)
no investors make effort and they each receive the payoff of
W() =ngs.

Since a long intermediation chain can deliver a payoff of W, = p' in the limit
(Proposition 3), it is obvious that intermediation improves efficiency.

The comparison is more complicated when skilled investors have effort
incentives on their own (i.e., when condition (16) fails). In this case, the

average payoff to an investor without intermediation is
Wo = no (pe - Ce) + (]- - nO) ngs.

Compared with the intermediated payoff pf, the following tradeoff emerges.
There are two benefits. First, intermediation creates economies of scale on
effort costs c¢., because it eliminates the need for each investor to exert effort.
Second, intermediation improves the payoff to the unskilled investors from

ng to pf. There is, however, also a downside of intermediation: It reduces
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the probability of skilled investors receiving good portfolios from p. to pf. The

next proposition offers a succinct condition on the efficiency of intermediation.

Proposition 4 Assume the investor sector Ny is sufficiently large, a long

intermediation chain can improve welfare and investor payoff if

Ce = nio [nope + (1 = ng) ng — 1_;&1”3]

. (17)
= (pe - nS) (1 - nO(l*pi*‘rnS))

It is useful to note that condition (17) nests (16) as a subset. Intuitively,
intermediation is beneficial if the economies of scale on effort costs ¢, is signif-
icant, including the case when it is prohibitively costly for investors to exert
effort on their own (16). In addition, when the fraction of the skilled investors
ng is sufficiently small, intermediation is beneficial.

Finally, it is important to note efficient intermediation does not require the
intermediary sector being more skilled ng > ng. For instance, even when there
is no cost-saving benefit ¢, = 0 and more investors are skilled ny € (ng, 1),
intermediation may still be beneficial if p. is sufficiently large. This result
is also robust to the possibility that unskilled intermediaries may deliver a
strictly worse outcome than random selection.!® In the introductory example,

pe = 100% — a case that guarantees (17).

4 Intermediary Self-Selection and Short Chain
Efficiency

In the baseline model, I have assumed that each intermediary layer has homo-
geneous quality ng. This assumption can be motivated by the possibility of
learning on the job — skill is only realized after the chain has formed. An al-
ternative and equally plausible setting is that intermediaries can choose where
to operate in the chain based on their still types. In this section, I extend the
model to study this possibility. The self-selection of intermediaries generates
implications on endogenous sector sizes (N;) and skill distribution (n;) along

the chain.

150mne only needs to replace ng in condition (17) by the corresponding probability that
can be achieved by an unskilled intermediary.
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The key finding is that a short two-layer chain with heterogeneous qual-
ities can achieve asymptotic efficiency. The structure is largely determined
by the relative entry costs associated with each layer. Welfare as well as in-
vestor payoff are non-monotonic with respect to the structure. Efficiency is
achieved by having either the first layer (Subsection 4.2) or the second layer
(Subsection 4.3) consist entirely of skilled intermediaries, while the other layer
contains both skill types. In contrast, when both layers contain mixed-quality
intermediaries, efficiency is reduced (Subsection 4.4). The results shed light
on lender-originator chain, and the investment chain in the delegated asset

management industry.

4.1 Introducing Intermediary Self-Selection

In this section, I modify the model to incorporate the self-selection of inter-
mediaries. The basic chain structure and the process of portfolio selection are
the same as in the baseline model. Unlike before, intermediaries know their
skill types and can pay entry cost C; in order to operate in layer ¢. I simplify
away the intermediary market power and assume a constant fee r; = r that
is determined by the unskilled intermediaries breakeven condition. The payoff
functions of the skilled and unskilled players in layer ¢ only require a small
modification to the baseline model 2 and 3 in order to incorporate the entry
costs Cj.

. 1
lIg; = maxe, No ny 1—mng H;‘;%)Pj ( 0 ) Néir

J/

~~
investor flow through a skilled intermediary (18)

1

[ J/

~~
probability of a skilled intermediary finding a good product

, 0
HU,i = NC < Un 1 — Ny )H;;%P] ( 1 ) Nllm_r

J/

and

TV
investor flow through an unskilled intermediary (19)

1
0 1)T_P, ( . ) -G

TV
probability of an unskilled intermediary finding a good product
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Welfare in the economy is defined as

I

W = No < ng 1—mng ) I_,P; ( (1) ) — > (clei)Ns; + Cily), (20)

=0
. N

Vv TV
total payoff in the game total effort and entry costs

which is the total payoff generated by investments net of screening and en-
try costs incurred by (skilled) investors and intermediaries. For notational
simplicity, Cy = 0 — investors do not have entry costs.

I also enrich the model to allow for continuous effort choices e € E among
some feasible set E. The qualitative results only depend on the following
natural assumptions on the screening technology P(e,n) and c(e).

Assumption 1: P(0,n) = n, P(co,n) — 1 for n > 0, P(e,0) = 0, and
P(e,1) = 1.

Perhaps only one assumption (P (oo, n) — 1) requires explanation: as long
as good intermediaries or portfolio exists, sufficiently large effort input results
in finding them almost certainly. This assumption allows the possible outcome
to be first best for exposition. Subsection 4.4 relaxes this assumption.

Assumption 2: % > 0, 82];22’") <0, 6P(8°§’") — 0, and % > (.

e

Naturally, effort improves the probability of finding a good intermediary or
portfolio, but its marginal effect diminishes. Higher quality n naturally also
helps the screening outcome. A simple example is

(14+e)n (1+e)n

P(e’n):(l—i—e)n—l—l—n: l+en (21)

Assumption 3: ¢(0) = 0, ¢(o0) = 00, ¢(0) =0, /(e) > 0, and ¢"(e) > 0.
The (marginal) cost of effort is initially zero and increases in a convex

fashion to infinity. A simple example of this cost function is
cle) = =e”. (22)

An equilibrium now contains three sets of variables: 1. the number of
skilled and unskilled intermediaries in each layer {N o Np 1 <i < }, 2. the
effort choice of investors and intermediaries in each layer {ef|0 < ¢ < I}, and
3. the equilibrium fee r*. These 31 + 2 equilibrium variables are determined
by the following equilibrium conditions.

1. [I + 1 conditions| All effort choices {ef|0 < i < I} are optimal, deter-

24



mined by skilled players (18).
2. |I conditions| Unskilled intermediaries break even whenever they operate
in a layer ¢« = 1,2, ..., I:
My = 0. (23)

)

Alternatively, if a layer does not include unskilled intermediaries, then Ng;; = 0
is the corresponding equilibrium condition and (23) holds with inequality <.
3. |I — 1 independent conditions| Skilled intermediaries are indifferent

between the different layers that they operate in
IIs,; =11, (24)

for some constant IIf, > 0 independent of i. Alternatively, if a layer does not
include skilled intermediaries, then N, = 0 is the corresponding equilibrium
condition and (24) holds with inequality <.

4. |2 conditions| Intermediary market clearing by skill types

I I
g Ng,; =ng and g N, =1—ns.
i=1 =1

4.2 High Quality First Layer

The first of the two possibilities to achieve asymptotic efficiency with a short
two-layer chain (I = 2) is by having a significantly higher entry cost for the
first layer (C; — Cy — o0). The structure features a small but a high-quality
first layer (ny = 1, N — 0). Formally,

Proposition 5 Suppose [ = 2. As Ny — oo, there exists a sequence of entry
costs C1(No) and Cy(Ny) such that the corresponding sequence of equilibria
have the following properties:

1. Only a small number of skilled intermediaries join layer 1: N§; = N —
0. The remaining skilled as well as all unskilled intermediaries join layer 2:
Nijo =1—ng and N§, — ns.

2. Investors do not exert effort el = 0. Skilled intermediaries in both layers
exert high effort ef — oo (i=1,2).

3. The payoffs of all investors approach the first-best outcome: gy =
My — 1.

4. The entry cost for the first layer dominates that for the second layer:
Cy—Cy — 0.
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In this equilibrium, the small amount of skilled intermediaries in layer
1 each receives a large amount of investors and therefore has strong effort
incentive to screen the lower-quality intermediaries in layer 2. Skilled inter-
mediaries in layer 2 also exert high effort to identify good portfolios, after
receiving significant investor delegation from layer 1 intermediaries. Investors,
however, do not need to exert any effort (e = 0) because all intermediaries in
layer 1 are good, but nonetheless can receive good portfolios almost certainly
(P(ej,n%)P(es,np) — 1). The unskilled intermediaries in layer 2 do not wish
to deviate and join layer 1 because they do not have the skill to deliver a
skilled intermediary from layer 2 and therefore cannot break even on the high
entry cost.

It is worth noting that the entry costs C;(Ny) and C3(Ny) need to be
designed appropriately so that the efficient outcome can be attained at a di-
minishing cost to investors, that is the intermediation fee r* — 0 and simul-
taneously provides sufficient effort incentives in both layers (% — 00). The
main technical challenge arises from the strategic complementarity of effort
across layers. If skilled intermediaries in layer 2 exert higher effort, finding
them becomes more valuable, and skilled intermediaries in layer 1 exert higher
effort. Conversely, higher effort by skilled intermediaries in layer 1 leads to
more investor delegation to skilled intermediaries in layer 2, motivating them
to exert higher effort as well. This self-fulfilling nature poses a challenge to
the existence of an equilibrium with the desired properties. The proof in the
appendix provides detailed construction of the entry costs to address this chal-
lenge. 16

As an application of Proposition 5, the model sheds light on the market
structure of banks (layer 1) and loan originators (layer 2). It is clear that
forming a bank entails a much higher cost than operating as a loan originator
(C1—Cy — 00). As aresult, the first layer — the banking sector — has relatively
few players (Ng; — 0) relative to the second-layer loan originators and the

number of depositors Ny. Banks are often considered very skilled in screening

16To establish the existence of the equilibrium, I employ a constructive approach. First, I
construct a sequence of equilibrium variables Ng ; and e3 as Ny — co. Using these variables,
I solve for the corresponding values of r* and e} by satisfying the incentive compatibility
conditions of skilled intermediaries. Next, I demonstrate that by appropriately designing
NZ, and e3, the desired equilibrium properties r* — 0 and P (ej,n3) — 1 are satisfied.
This ensures that the equilibrium price approaches zero, and the probability of finding a
good portfolio converges to one. Finally, I establish that the entry costs C; and C5 can be
calculated from the equilibrium variables and verify C; — Cy — oc.
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borrowers (n} = 1). Consequently, investors (depositors) do not need to screen
banks’ lending skills (ef; = 0). On the other hand, the second layer, consisting

of originators, is larger (IV; =~ 1) and exhibits mixed quality (n} ~ ng < 1).

4.3 High Quality Second Layer

The second possibility to achieve asymptotic efficiency with a two-layer chain
(I = 2) is by having a significantly higher entry cost for the second layer
Cy — €7 — oo. The structure features a small but a high-quality second layer
(ng =1, Ny — 0). Formally,

Proposition 6 Suppose I = 2. For any sequences of C; — 0 and Cy — oo,
the corresponding sequence of equilibria have the following properties:

1. Only a small number of skilled intermediaries join layer 2: N§, = Ny —
0. The remaining skilled as well as all unskilled intermediaries join layer 1:
Ny =1-ng, Ni; — ns.

2. No wnvestors or intermediaries in layer 1 exert effort: ej = ej = 0.
Skilled intermediaries in layer 2 exert high effort e5 — oo.

3. The payoffs of all investors approach the first-best outcome for any Ny:
gy = Iyp — 1.

The high quality of layer 2 implies that investors as well as layer 1 interme-

diaries do not need to make effort (e = ef = 0). The large amount of investor
No
N3,
effort incentive and as a result, P(e5,np) — 1. The unskilled intermediaries

delegation received by skilled intermediaries in layer 2 (

) provides strong

do not deviate and join layer 2 because their inability to effectively screen the
asset market it impossible for them to break even on the large entry cost Cs.

While the market structure in Proposition 6 might appear as the flip side
of that in Proposition 5, there are crucial qualitative differences. Efficiency in
Proposition 5 necessitates a large number of investors Ny — 0o, but the struc-
ture in Proposition 6 does not. When layer 1 has high quality, all skilled inter-
mediaries in the chain must exert high effort, demanding a large number of in-
vestors to share the costs for achieving asymptotic efficiency. Conversely, when
layer 2 has high quality, only the arbitrarily small number of intermediaries in
this layer incur substantial screening and entry costs (Ng, (c(e3) + Ca) — 0).
Consequently, the total cost remains negligible even with a finite number of

investors.
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This structure aligns well with several real-world examples. In the asset
management industry, it is arguably more costly to develop and maintain a
reputable index like the S&P 500 (layer 2) compared to registering as a passive
mutual fund manager (layer 1). Consequently, only a few widely recognized
indices are followed by a significant portion of passive index mutual funds.
The index providers exert effort to screen and construct portfolios, while the
passive mutual funds typically track the indices through replication. Investors
benefit from this structure as they can invest in the chosen index without the
need for extensive evaluation of different mutual funds or the asset market.

To the extent that it is more challenging (costly) to create financial prod-
ucts (layer 2) than to become a financial advisor (layer 1), the model predicts
there will be a large number of financial advisors recommending similar prod-
ucts to investors. This is consistent with the evidence documented by Egan,
Matvos, and Seru (2019).

When the entry costs are similar C; =~ (5, the structure characterized
in Proposition 6 still holds, although the size of the second layer (N;) may
no longer be vanishingly small. Consequently, efficiency requires the investor
sector to be sufficiently large Ny — oo. This is numerically demonstrated in

Figure 2.
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Figure 2 illustrates the relationship between the size of the second layer No
(left panel) and investor payoff (right panel) as a function of the first-layer
entry cost C, which ranges from 10 to 10%. The numerical example assumes
the following parameter values: Ny = 10°, ng = 0.6, np = 0.4, ng = 0.5, and
Cy = 10%.

The graph on the left panel shows that as the first-layer entry cost C7 in-
creases, the size of the second layer Ny also increases. In particular, when C4
approaches the level of Cs, the size of the second layer expands to include all
skilled intermediaries, No — ng. The graph on the right panel displays the
investor payoff as a percentage of the first-best outcome. It demonstrates that
investor payoff stays approximately 94% of the first-best level in this numerical
example.
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A relevant example of this case is the relationship between fund-of-funds or
pension funds (layer 1) and underlying private equity (PE) and hedge funds
(layer 2). The entry costs to become a fund manager or a fund-of-funds man-
ager are likely to be similar (C] &~ (). As a result, both intermediary sectors
can have significant representation in the economy, with the more skilled man-
agers residing in the second layer. This observation aligns with anecdotal
evidence that PE and hedge funds typically attract top talent in the financial
industry.

To conclude this subsection, it is worth discussing the potential deviation
of investors to bypass layer 1 and directly engage with layer 2 intermediaries.
By doing so, investors could avoid paying the layer 1 fees r*. However, such a
deviation is generally suboptimal in the case of Proposition 5, where investors
crucially rely on the screening efforts of the high-quality layer 1 intermediaries
to identify the skilled intermediaries in layer 2. Hence, this structure is robust
against deviation.

On the other hand, in the case of Proposition 6, where all layer 2 intermedi-
aries are skilled, investors do have an incentive to deviate and interact directly
with them. The equilibrium structure therefore requires commitments to the
chain. In practice, such commitments are often achieved through restricted
access or some un-modeled services provided by layer 1 intermediaries. For
example, in the context of index-tracking mutual funds and index providers,
terminal investors usually lack the capacity to directly invest in hundreds of
stocks to replicate an index. Similarly, in the financial advisor or fund-of-
funds example, layer 1 intermediaries (financial advisors and fund-of-funds
managers) may provide exclusive access to underlying funds that investors ei-
ther do not have or are unaware of. It is important to note that due to the
deviation incentives, this structure is less robust. Disruptions can occur, as
seen in the rise of index exchange-traded funds (ETFs), which provide investors
with a cost-effective means of accessing indices and significantly impact the

traditional business model of index-tracking mutual funds.

4.4 Mixed Quality Layers, Compact Effort Space, and

Imperfect Screening

Propositions 5 and 6 characterize the two most efficient outcomes that can

be attained by a short two-layer chain. The shared feature is that the two
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layers have extremely heterogeneous quality: one layer with only skilled inter-
mediaries and the other with everyone else. A natural question is what lies in
between the two extreme cases. When both layers contain mixed skill types
(n; € (0,1)), there is a positive probability (bounded below by II3_; (1 — n;))
that unskilled investors keep finding unskilled intermediaries and bad port-
folios. In addition, all skilled players have some effort incentives, thereby
reducing the economies of scale on effort costs. Consequently, the welfare is

bounded away from first best. Formally,

Corollary 1 When the entry costs Cy and Cy are such that both layers contain
mized skill types (n; € (0,1)), investor payoffs and welfare are bounded away
from the first-best level for any intermediary structure {Ng;, Ny;|t = 1,2}.

Another natural question is what if the effort set E is compact, and the
screening outcome of the skilled players is less than perfect even at the maxi-

mum effort level. Mathematically,
P ; == 1.
(rgleax e, Nit1) = Pe <

In this case, the main results in this section (Propositions 5 and 6) have some
minor changes. First, the feature that effort and entry costs are vanishingly
small due to the economies of scale remains robust. In fact, if the effort level
and costs are bounded rather than infinite, the cost per investor vanishes even
quicker. Second, the success probabilities are now different as characterized

by the following corollary.

Corollary 2 The maximum payoff per investor that can be attained by having

a high quality first layer (nq = 1) is
P2+ (1 —pe)np. (25)

The maximum payoff per investor that can be attained by having a high quality
second layer (ng =1) is

Pe-

The expression in (25) is the probability that a skilled intermediary in layer
1 can find a good portfolio. With p. probability it finds a skilled intermediary
in layer 2, who in turn finds a good portfolio with probability p. and with
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1 — p. probability it finds a unskilled intermediary in layer 2, who in turn finds
a good portfolio with probability np.

Comparing the two cases, it is easy to see that the latter (high quality
second layer ny = 1) dominates because all investors delegate the screening to
a small set of skilled intermediaries, which is also the most efficient outcome
that can be attained in this economy. However, the former structure (high
quality first layer ny = 1) is locally efficient relative to small perturbations in
the distribution of skill types. The logic is easy to see. Suppose some small
amount of unskilled intermediaries enter the first layer, that is ny =1 — ¢, for
some small € > 0 and ny =~ ng. A skilled investor receives a payoff that is
strictly bounded above by (25) due to the effort cost required to find a skilled
intermediary in layer 1. An unskilled investor receives a payoff that is strictly
below (25) due to the positive probability € that he may find a unskilled layer 1
intermediary. Hence, the bimodal feature characterized by Corollary 1 remains

robust.

5 Robustness and Extensions

5.1 Multiple Asset Markets

The model can be easily generalized to incorporate M different segmented
markets, where investors need M portfolios, one from each market. In this
case, if (skilled) investors directly screen M different markets, they need to
exert effort costs M times. Similarity, I assume that in the case of an inter-
mediation chain, those skilled ones in the final layer need to incur effort costs
cr(er) in each one of the M markets. As such, the payoff functions only need
some minor adjustments for the effort cost in the final layer (i = I) and the
fact there are now NyM total transactions. Extending the payoff functions

(18) and (19) to M portfolios, skilled players receive

; 1
HS,i = INaXe, NO ( No 1 — Nyo >H;;%)]P)J ( 0 ) NLSZMTZ

N J/

Vv
investor flow through a skilled player

10 ) m’_p, ( (1) ) —eile) [+ Lie (M —1)] = €

Vv
probability of a skilled player finding a good product
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and unskilled players receive

: 0
].__[U’i - NO < N 1 — Nyo >H_Z];%)IP‘7 ( 1 > NileS,i Mri

N

investor flow through an unskilled player (27)
1
0 1)T_P, ( ~C;.
0

[\ J/

~
probability of an unskilled player finding a good product

All insights from the previous sections remain valid. In fact, the proofs
for Propositions 5 and 6 in the appendix are for the generic case with M
markets. However, the case with multiple markets indeed introduces a new
channel: two-sided economies of scale on the effort costs, making it easier for
intermediation to be efficient. This new channel can be best illustrated in the

single layer case I = 1.

Proposition 7 Suppose M, Ny — oo and the entry cost Cy, = aM (No)b for
some constants a > 0, b € (0,1), then for any ng > 0, skilled investors’ payoff

per portfolio approaches the first best (H]\‘ZO —1).
The unskilled investors’ payoff per portfolio approaches

iy

v P(0,ns) + [1 — P(0,ng)] P(0,np), (28)

which is higher than P(0,np) — their payoff without intermediation (I =0).

Intuitively, intermediation generates two-sided economies of scale from
both receiving large investor delegations /Ny and screening many asset markets
M. First, the large investor delegation motivates intermediaries’ effort, even
when the fee r* individually is small (r* — 0 but 7* Ny — 00). Intermediaries’
effort costs are shared by the many investors that they represent.

Second, since skilled intermediaries can screen many markets M on behalf
of investors, the skilled investors in turn has high effort incentive to find a
skilled intermediary. Investors’ one-off screening costs in the intermediary
market are shared by the large number of good portfolios a skilled intermediary
can deliver.

The payoff to the unskilled investors also improves similar to the introduc-
tory example. The skilled intermediaries offer these investors higher proba-

bility of finding good portfolios. The entry cost C; is designed so that the
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equilibrium fee r* is simultaneously small individually and sufficiently big col-

lectively (r* ~ ;9= = (Np)" ™" = 0 and r* Ny ~ N} — o0).

The two-sided economies of scale in this model bear resemblance to Dia-

mond’s (1984) theory of financial intermediation, where banks serve as dele-
gated monitors on behalf of many small depositors. Similar to the two-sided
economies of scale in my model, banks in Diamond (1984) receive deposits from

many depositors and monitor many underlying firms to generate efficiency.

5.2 Fixed Fee and Performance Fee

In this paper, the focus is on the market structure of the intermediary sec-
tor. To simplify the analysis and isolate the effects of endogenous price and
effort choice, the compensation of intermediaries has been reduced to a simple
performance pay, where they receive a payment of r when a good portfolio is
delivered to a investor. However, one natural extension is to introduce a fixed
pay component based on the flow of investor capital through an intermediary,
irrespective of the ultimate performance.

Formally, the intermediary payoff now consists of two components. Let f
represent the fee that an intermediary can collect whenever a portfolio (re-
gardless of its quality) is delivered to an investor through that intermediary.
Additionally, as before, if the portfolio is good, the intermediary charges a
performance-based fee r, resulting in a total compensation of f + r.

For simplicity, I consider the case where intermediaries do not know their
skills 0 = % Similar to 2 but with the additional fixed compensation term f,

the break-even condition of an intermediary in layer ¢ can be expressed as

M N
N;

f+T< un 1-— o >HJI»:0P]‘ ( (1) )] —ngc(ei) [1 + 1i:I (M — ]-)]_Oz =0.

TV
total compensation

(29)
The main finding of this analysis is that the introduction of a fixed fee f
as a parameter does not lead to new equilibrium outcomes. The equilibrium

results remain unchanged.

Proposition 8 Any equilibrium outcome {N},ei r*} associated with entry

1 7

costs C; and a fixed fee f > 0 can be implemented by a set of modified entry
costs C; = C; — f% without a fized fee f = 0.
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This proposition is straightforward to verify since the intermediaries’ break-
even condition (29) remains unchanged by the modification of entry costs and
the elimination of the fixed fee f. Moreover, the effort incentives of all partici-
pants are unaffected by the fixed fee and entry cost modifications. Intuitively,
the fixed pay f can be viewed as a subsidy to the entry cost C;, and therefore,
its removal does not impact the equilibrium outcome.

It is worth noting that with additional model features, it is possible to
endogenize the fixed fee f. For instance, in a model where intermediaries can
incur a cost K to become skilled, an additional equilibrium condition

HS,i - HUi = K,

)

would arise, allowing for the determination of the equilibrium fixed fee f*.
However, as the focus of this paper is not on the determination of the com-

pensation structure, this question is left for future research.

5.3 More than Two Skill Types

In this extension, the model relaxes the assumption of binary skill types and
considers T' discrete types of intermediaries with different screening technolo-
gies. Each intermediary type t = 1,2,...,7 in layer 7 can input effort e;, and,
based on the prior distribution d;;; € AT can find an intermediary in layer
i+ 1 with a distribution P(e;¢, §;41)

Pt(ei,ta(SiJrl) € AT = {Q? € RT|xi € [07 1]7 le = 1}7 (3())

Clearly, this setup nests the main model as a special case. The following
T-dimensional screening matrix replaces the 2-dimensional matrix (1) in the

main model.
Pi(e;1,0i41)

]P)i = Pt(ei,ta 5i+1) ) 1= 07 ]-7 27 ceey I. (31)

PT(ei,Ta 5z‘+1)
I intuitively argue, without providing the technical details, that the insights

from Sections 5.1 to 3 remain robust in this extended setup.

For the single-layer specification I = 1 as in Proposition 7, when both N,
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and M — o0, all types of intermediaries have a strong incentive to exert effort
due to delegation as long as their effort inputs result in first-order stochastic
dominance in P;. As a result, investor payoff improves due to better screening
outcomes at a negligible fee in equilibrium.

The intuition for the two-layer specification I = 2 similarly carries over. It
is possible to design a pair of entry costs C7 and C5 such that only the most
skilled type (denoted by type 1 without the loss of generality) enters either
the first or the second layer. In the former case, those type-1 intermediaries
in the first layer screen intensively and almost certainly find another type-1
intermediary in the second layer who in turn screens intensively in the asset
market. As in Proposition 5, investors here do not need to screen. In the latter
case, similar to Proposition 6, investors as well as all intermediaries in the first
layer exert no effort, whereas the type-1 intermediaries in the second layer
screens hard in the asset market. In both cases, investor payoff can approach
the first best outcome.

Finally, when skill types are unknown and all intermediary layers share
the same prior skill distribution denoted by 9, if intermediaries of a same type
also use the same effort levels across layers, i.e., e;; = e;, then the screening
matrix P; is again layer-independent, similar to that in Proposition 1. As the
chain becomes sufficiently long I — oo, the limiting matrix P! depends on the
converging properties of P. Suppose a sufficiently high effort e; results in a
type-1 intermediary almost certainly finding another type-1 intermediary or
the best portfolio (P;(ey,0) — ( 10 ...0 > as e; — 00) and other types
have non-vanishing probabilities of finding a type-1 intermediary (P; (e, d) >
e for any e; and some € > 0), then the limiting probability of finding the best
portfolio approaches 1. The structure in Proposition 3 remains valid as an

implementation of the efficient outcome.

6 Conclusion

I introduce a model of intermediary market structure, focusing on key aspects
such as skill distribution, sector size, effort choices, and the number of layers
in the intermediation chain. The model demonstrates that superior quality or
skill is not necessarily required for efficient intermediation. The findings also
highlight the importance of self-selection and the length of the intermediation

chain in achieving efficient outcomes.
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Other features of the asset management industry can also be considered.
For example, there may be different types of skills: Some agents are more
skilled in selecting the superior portfolio, others may be more skilled in moni-
toring and improving the performance of the assets under management. How
do different types of skills distribute along the chain?

The framework developed in this paper can serve as a valuable tool to model
various other economic activities. For instance, when applied to corporate hi-
erarchical structures, the model mirrors the hierarchical layers of managers,
each responsible for monitoring and selecting their subordinates. This hierar-
chical cascade, akin to the intermediation chain, allows each layer to correct
mistakes in lower layers but simultaneously introduces new errors into the
system. In this context, some interesting questions could be the promotion
pattern, career trajectory of workers, and job design in a corporation.

The model can also be applied to analyze platform economy, where plat-
forms are skilled first layer intermediaries that screen the influencers — the
second layer intermediaries who ultimately screen product markets. It is in-
teresting to consider additional features such as rebates, quality choices by
manufacturers, pricing, and consumer reviews on the influencers. The collec-
tion and strategic disclosure of information by the platforms may also yield
new insights.

I look forward to future research can build upon this model to delve into
these specific applications and uncover further insights and policy implications

for various intermediary sectors.
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Appendix

Lemma 1 Suppose A; — oo (i = 1,2,...) is a sequence of positive coefficients and let
ef = argmax. A;P(e,n) — c(e) denote the solution for any fivzed n € (0,1). Then the
average cost ded) .

Aq

Proof of Lemma 1: Consider the same problem redefined on the choice of probability
max A;p — ¢(p), (32)
3

where é(p) = ¢(P~!(p,n)) and e = P~!(p,n) — the inverse function of P(e,n) with respect
to e. Because P(e,n) is increasing and concave in e, P~1(p,n) is increasing and convex in
p. Hence, the compound function é = ¢ o P~! is increasing and convex in p. Since this
optimization problem (32) is identical to the original problem, their solutions must also
coincide p; = P(e},n). The first-order condition of (32) with respect to p is therefore given
by

A= (). (33)

Because 4; — oo, it must be pf — 1. Consider the following decomposition of é(p}) and
apply Darboux’s theorem,

i 7

(W)= @) e =D (0)) 0 —pi <D () (0] - P

Jj=1 j=1 j=1

where ¢(p§) is conveniently defined as 0, p} € [p;f_l, p;‘] is some intermediate value, and the
last inequality utilizes the convexity of ¢. In addition, 0 < pj — pj_; — 0. Consequently,

i * *
oeler) Loepn) _ =145 (] —Pj-
i <) o 600 o Zima A (0~ Ri)

1—00 Ai 1—00 4 1—00 Az

Now I show that the last term converges to 0. Consider any ¢, there exits an k such that
1 —pj < 5. For this k, there exits an i > k such that % < 5. It then follows

% * * k % * * k * *
im0 7 0in) _ B P mien Ay 057 0i)  Tim B8] ey
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; c(e)
This completes the proof for === — 0. B

i

Proof of Proposition 1: Suppose ¢ = I — I + 1 is the first layer in which the skilled
intermediaries make effort. In addition to the effort condition for the ith layer (7), the i — 1
layer should not have effort incentive and therefore

No In+1
E?”IE—l (pl - ns’) B < c.
Taken together, they imply
Ip= 1 il
= lo
E gplfns T}(E NO

To calculate PU/®) note that the screening matrix can be diagonalized as follows

1 1-pm 1 0 pf 1—pt
P= 1 . 0 _ 1 _ 1 )
ns b1 —ns 1—p1+ns 1-pi+ns
where 4
plT 1—1pT >:<1 1—p
I—pitns  l-piins 1 —ns
Hence,
. 1 1—p 1 0 p! 1—pf
P = 1 i 1 1
—ns 0 (pl - Tls) I-pi+ns  1-pitns
_ 1 (I—=p1)(p1—ns) p' 1—pf
= 3 1 _ 1
1 —ns(p1—ns) T pitns  I-pitns
ns+(1—p)(pi—ns)’ (1-p1)—(1-p1)(pP1—ns)’
— 1-pi+ns 1-pit+ns )
ns—ns(p1—ns)’ 1-pi+ns(p1—ns)’
1—pi+ns . 1-pitns .
7 7
_ P+ (=P —ng)" 1-p' = (1-p")(p1—ns) )
p—p (p1 —ng)' 1—p'+p' (p1 — ng)’

When Igp < I, some initial layers together with the investor sector do not make effort.
Hence, the success probability is

1 F+ (1-p") (01 —ns)'®
(Ig) — _ I _ _ p p')(p1 s
PUE = ( ng 1 ns )IP)E ( 0 —(’I’LS 1 ns )( pT—pT(p1—nS)IE

=0t = (b = ns) (01 —ns)"" = pf [1 —(p1— ns)IEH} .
]

Proof of Proposition 2: First, note that * < 1. Hence, condition (8) implies that
as I becomes sufficiently large

IE S Inge

Ceo —log, _,,I=alnl+b,

Ce
“ns TN = O8rns

1
" In(pe—ns)
constants. Consequently as I — oo, the ratio ITE — 0.

Next, I show that for any I > 1, ITE < € for some small € > 0, effort condition (7) fails

Le are two

where In is the natural logarithm, and a = s N

> 0 and b = log,,
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to hold. To see this, note that condition (13) implies

Ig—1
€

* = (s+1) _ p(s) _ _—
"< ) P Z_;) P P& — cong

INO +cens

€
PUSIN, < (I—|— 1) P(IE)—i-cens

PUER) TN,
Since this condition holds for any e, the fact that PUr) > PO = ng implies
* Ce
< )
"o S TN,

when [ is sufficiently large. Recall Ny = %, the above condition immediately implies that

N
Y —no)E 20
N[ Te (pe ns) < N[

Hence, it must be that Ir = 0 when I becomes sufficiently large. B

*
T < Ce.-

Proof of Proposition 3: First, I show there exists an equilibrium where at least some
intermediaries make effort Iz > 1. Using (7) and (13), I want to show that

1 1
INg (pe — ns)

1
- - p)y_pO _ il
T+ 1 P01 P P CeMNs

1
TN, + cens

POIN, = %
Using the fact that I = N§ for some « € (0,1), the left-hand side is bounded below by

1 1 N, p — pO
_ - - pmy_po _ ‘0 — - -
o (pe =ns) mypm g 0P = g e ns) —pm e
Therefore, Ig > 1.
Second, I estimate a lower bound on r%. From (13), we have
Ip—1 0)
* 1 S + 1 (5+1) (S) 1 P(

1—
(I+1)° pUIr)
Proposition 1 and expression (8) imply that

. 1
Ip =log, . 01+L > (=1+ —)log, _, N + const.
TEN, a
Hence, the limit is bounded by
. Ig 1-2
> — & .
Nossso In No = In(pe —ns)

Third, =} also has an upper bound from (13):

Again from expression (8)

Ip < (-1+ a) (log,. _ns No+1log, . Ip) + const.

40



Note that Iy — oo implies that % — 0. Hence,

I 1-1L
lim —& < — @
No In Ny In (pe — ng)

Taken together, we have established (15).

I now show that investor payoffs converge to pf. Since Ir ~ In Ny — oo, condition (9)
implies that the success probability is p'. Furthermore, because investors do not make effort
in equilibrium, there is no effort cost and both skilled and unskilled investors receive the

same payoff. Finally, from the upper bound on r} in (34) and the fact that ITE ~ lrj‘ngo — 0,

we have

.. Ig PO 1
TEIST 1_m +Cen5’ﬁ0—>0,

as Ng — oo. The total intermediation fee therefore

lim (I—1Ig)r,, +Igr; —0,

No*)OO
and ro = 1. In summary, investor payoff

lim Hgo= lim Iy =rip’ =p'.
No—oo 5,0 No—oo v0 Op p

Finally, since total welfare in the economy is bounded below by total investor payoff

and bounded above by the total payoff (excluding effort cost) to investors, it is immediate

that ;
1% N,
pJr < lim e < lim op .

No—o0 0 No—o0 0

This completes the proof of the proposition. B

Proof of Proposition 4: First, when condition (16) holds which automatically implies
(17), a long intermediation chain always improves welfare and investor payoff:

WOO:pT>nS:WO.

Next, suppose (16) fails. From (10), we have

W > Wy
& pl = ng (pe —ce) + (1 —no)ns
& 1_;671%2710(]76706)4’(1*710)715 '
& noce > nope + (1 —no) ns — 1_;871715

Dividing by ng and after some manipulation, the above condition becomes

ng Pe —MNg s
ceZ(pe—ns)—nol_eernSZ(pe—”5)<1_no(1—p+ns)
e €

Hence, the conclusion.ll

Proof of Proposition 5: In this conjectured equilibrium, investors (regardless of their
skill levels) do not need to make any effort e* = 0 as all layer 1 intermediaries are skilled

{71 = 0. The remaining four equilibrium variables, including skilled intermediaries’ effort
. . C . . . ng—N§ .
levels e} and e3, intermediary distribution N, (or equivalently, nj = f—Tssll)’ and price

41



are determined by the following conditions:
1. first-order condition of skilled layer 1 intermediaries

0P (e, n3)

M r*No [P(e5,np) — P(0,np)] T o =d(e}), (35)

Nga
2. first-order condition of skilled layer 2 intermediaries

P * * P(e*
(elanZ) T‘*Noa (;ZLHP) — C/(@;)’ (36)
2

nsg — Né,l
3. skilled intermediaries indifference condition between the two layers

M g Ny [P(ef, n3) P(eg. np) + (1~ Pled,n5)) P(0,np)] — e(ef) — o

P(e},n3) » . . (37)
=M ns(ejj\%zzr NoP(e3,np) —c(e3)| — C2 20,
4. unskilled intermediaries break even in layer 2
1 _ P * *
MMT*NOP(O, np) = Cy, (38)

1—ng

5. and finally, unskilled intermediaries do not wish to enter layer 1 (an inequality constraint
that needs to satisfy in equilibrium)

M r*No [P(0,n1)P(es,np) + (1 — P(0,n1)) P(0,np)] < Ci. (39)

"
N3,

We consider the following conjugate problem: finding the entry costs C; and Cy such

that an equilibrium exists with the desired properties in the proposition. Choose a sequence
9P (ef,n3)
de¥
of N5, — 0 and ef — 00 as Ny — oo, such that —rle— = Ny' and N§,; = Ng*, where
P (et ,n})
. . . de¥ . . .
ro — 1 < x1 < o < 0. Such a choice is possible because Ti;) is decreasing in e] and
1

approaches 0 as ef — oo.

Taking the ratio between (35) and (36), we have

OP(ey,np) " OP(ey,n3)
325 = _ Mns - NS,I P(eSanP) B P(O,'flp) 8‘3191‘ : (40)
c(e3) Nga P(et, n3) (e7)
BP(ffS;np)
Since % is decreasing in e} with a full support on (0,00) and the right-hand side is
2

increasing in e3, a solution must uniquely exist. In addition, the sequence of (N $1 e*l‘) is
chosen such that

dP(ef,n3) AP (e}, n3)
RGN R
. c’(e} . — . c’(e} . -
lim —Y— = lim Nj'™® =0and lim —“—Ny= lim N;7" " =0,
No—ro0 NS 1 No—o0 No—o0 NS 1 No—o0

(41)
then (40) implies that its solution ej — oco. In addition, (35) implies that »* — 0 and
r* Ny — 0o. Conditions (37) and (38) jointly determine Cy > 0 and C}.
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Next, I show that Cy > Cy. Manipulate (37), we have

M [13(617]\73) *NoP(e5,np) — 0(62)} )
= My No [Pef, n3) P(es, np) + (1 = P(ef, n3)) P(0,np)] — e(e1) — Ci
> M1 No [P(e3,m3)P(e5,np) + (1 = P(e5,n3)) P(0,np)] — c(e3) - C1,

where the last inequality is due to the optimality of ej. Let Ny — oo, using the fact that
P(ei,n3), P(es,n3), P(e3,np) — 1, and N§; — 0, we have

1
*No — M—————*No + (M — 1) ¢(e3).

Cl - 02 = N*
S,1 ns —4Ngq

Note from (41) that r*Nyg — oo and Ng; — 0, so C1 > Cs.
Furthermore, I verify the inequality condition (39). Using (37) and (38), we know that
(39) is equivalent to

* * * ( *)N*
L {[P(e1,ng) — P(0,m)] [P(eg, np) — P(0,np)] — S5 |
|: (e 17"2)P(e§7np) 1= P(e 17"2)]3(0 n ):| _ c(e3)

ns N* l-ng r*No

(42)

Apply Lemma 1 to condition (35) implies that % — 0, a8 Ng; — 0. It immediately

follows that the left-hand side of (42) approaches oo as N§,; — 0, whereas the right-hand
side is bounded. Hence, the inequality condition (39) holds.

Finally, I show investor payoff Ilsg = Illyo — M. Since e = 0, r* — 0, and
P(ey,n3), P(es,np) — 1, we have

HS,O = 1_[U,O > M(l - 2T*)P(€T,RS)P(€;,TLP) — M?
completing the proof. W

Proof of Proposition 6: In this conjectured equilibrium, skilled intermediaries in the
first layer do not exert effort e] = 0 because all second layer intermediaries are skilled.
Similarly investors do not make any effort ej = 0 because layer 1 intermediaries either are
unskilled or do not exert effort. Hence, the remaining equilibrium variables r*, N 5.2, and
e solve

1
HS 1= HUl = MiT‘*N()P(e;np) - Cl = 07 (43)
R T
1, . \
MMgo=M r*NoP(e5,np) —c(es)| — Cy =0, (44)
5,2
and OP (e
2 g PPEE) et (es), (45)
e; '

Using (43) and (44) to eliminate r*, we have

Ng,z _ Cy (46)
1-Ng, Mc(e)+Co

Since the left-hand side ranges from 0 to oo as Ng, increases from 0 to 1, the solution
Ng,(e3) < ns exists for any e5 and Cy > Cp. In addition, whenever e5 — 0o or Cy > (1,
we have Ng, — 0. Finally, to show such an equilibrium e always exists, from (43) and
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(45), we have
OP(e3,np)
— o d(ey)
P(es,np)  Mec(es) +Co’

(47)

To see that (47) aways has solution, note that it is in fact the first-order condition associated
with the following maximization problem

max G(e) = M log P(e,np) — log |c(e) + %
Clearly, since G(00) — —oo and G’(0) > 0, there must exist an interior maximum, which is
also a solution e} to (47).
I now show P (e5,np) — 1 as Ca — oo. Suppose otherwise, P (e, np) is bounded away

from 1, which in turn implies that %ﬁ;"lb) is bounded away from 0. In addition, c(e}) and
2

' (e3) are both bounded away from infinity. However, this contradicts with (47) because the
right-hand side approaches 0 as Cy — oo. Hence, it must be P (e5,np) — 1.

Finally, note that in (43), N5, — 0, and C1 — 0, and it quickly follows r* — 0.
Therefore, the investor payoff

Iy = M(1—2r*)P(e5,np) — M,

completing the proof. B

Proof of Proposition 7: It is useful to explicitly write down the intermediaries’ pay-
off functions from (2) and (3):

P(eg,ng)no + P(0,ng) (1 —no)
ns

sy = Iré?xM rNgP(e1,np) —c(er)| — Ch. (48)
[1 — P(eg,ng)]no+[1 — P(0,ng)] (1 —nyp)

My, =M
’ 1—ng

TNcp(O, np) — Cl. (49)

I first show that the effort inputs of both skilled investors and intermediaries approach
infinity: ef,ef — oo. Because IIy; < IIgi, the breakeven condition (23) implies that
IIs; > 0. In addition,

P(eg,ng)no + P(0,ng) (1 —no) en ng +ng (1 — no)]
ns ’ ns

which is bounded by two constants. Condition (48) together with the fact that IIg; > 0
imply that
. 1
re >

= MNoP(ey, np) EleensinetPQns)(ino) —

a’ (No)' ™", (50)

for some constant o’ > 0. Condition (48) also implies that the intermediary’s effort choice
e] — 00, as Ny — oo.

Furthermore, Lemma 1 implies that the average cost of screening effort in condition
(48) vanishes

44



Condition (49) together with the fact that IIy; < 0 imply that

* Cl
s M NoP(0, np)E=Lleons)ino 1= PO:ns)|(1=no) -

l—-ng

Note that
[1 — P(eg,ng)|no + [1 — P(0,ns)] (1 —ng)

].—TLS

S [1 — No, 1],
is bounded between two constants. Hence, condition (50) can be strengthened to
* b—1
"~ (Ng) =0, (51)

where the convergence to 0 is independent of M and holds whenever Ny — oo.
Skilled investors’ effort problem can be explicitly written as

Is,0 = max M(1 —17) {P(eo, ns)Pler, np) + [1 = Pleo,ns)] P(0,np)} — cleo).  (52)

Since M (1 —r*) [P(ef,np) — P(0,np)] — oo as M — oo, the first order condition of (52)
immediately implies that ef — oo.
Next, apply Lemma 1 to the skilled investor’s optimization problem in (52), and it

implies that %‘*’) — 0.
We can now calculate investor payoffs in the limiting case as M, Ny — oo. For skilled

investors,

B8O (1 1) {P(ejns) Plei mp) + [1 — P(egns)] P(0.np)} — 0

1.
MH

For unskilled investors,

IIy0

v = (1—r*){P(0,ng)P(ej,np) + [1 — P(0,ng)] P(0,np)} — P(0,ngs)+[1 — P(0,ngs)] P(0,np),

completing the proof. W
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