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Abstract
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mation technology when intermediaries facilitate the origination and distribution of
assets given information asymmetry. Information technology measures the informa-
tiveness of asset-quality signals received by intermediaries, who purchase assets pro-
duced by originators and then resell them to uninformed investors. Allowing inter-
mediaries to operate has a mixed social welfare effect: Uninformed intermediation
can be welfare reducing when adverse selection is severe in the economy, while in-
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1. Introduction

The past two decades have witnessed a significant shift in financial intermediation,
marked by the growing importance of intermediation in traditional originate-to-distribute
businesses. For instance, as illustrated in Figure 1, increasing volume (panel a) and share
(panel b) of asset backed securities (ABS, broadly defined by Finsight to include CLOs,
credit card loans, equipment loans and CMBS, etc) are being sold via financial interme-
diaries (such as Apollo Global Management Inc and BlackRock Inc), as opposed to by
originators (such as Bank of America, Fleet Mortgages Ltd, and LoanDepot.com LLC) of
the underlying financial claims.! In particular, collateralized loan obligations (CLO), a
representative type of ABS with corporate loans repackaged and sold by intermediaries
like BlackRock, rose from less than 25% to more than 50% of total ABS outstanding be-
tween 2000 and 2020 (Bord and Santos, 2012; Cordell et al., 2023). Consistent with this
trend, nonbank financial institutions like private equity and asset management firms are
increasingly involved in the originate-to-distribute model as commercial banks endeavor
to align with stricter regulatory capital requirements (Jiang et al., 2020).> This extra layer
of intermediation amplifies the significance of the originate-to-distribute model.

In the meantime, the growing prominence of such intermediated originate-to-distribute
model is accompanied by increased intensity in financial intermediaries” technology in-
vestments. Based on data from Pitchbook, total venture capital investment involving
financial intermediaries has surged from around $20 billion in the early 2000s to more
than $200 billion in 2021.3

Despite the clear comovement between information technology and intermediation,
the economics behind intermediaries” increasingly important role in the originate-to-distribute
model is unclear. After all, if investors were to trade with someone who has superior in-
formation, there is no obvious explanation for why an informed intermediary should be
a more “credible” seller than the originator.

!Interestingly, there are some overlaps between originators and intermediaries in the ABS market. For
instance, JP Morgan Chase & Co is an originator of CLOs’ underlying corporate loans, and in the MBS mar-
ket, it shows up as a financial intermediary selling mortgage loans originated by other financial institutions.

2The article from Wall Street Journal also describes these trending “risk-unloading” transactions between
commercial banks and private fund managers.

3We aggregate the dollar amount of all VC investment deals with participation by financial intermedi-
aries in Pitchbook. Similar to Figure 1, we classify financial intermediaries as financial institutions with
2-digit SIC code between 62 and 67; and start-ups are defined as fintech start-ups if their Pitchbook indus-
try “verticals” belong to “Artificial Intelligence & Machine Learning,” “Big Data,” “CloudTech & DevOps,”
“Fintech,” “SaaS,” and “TMT.” Deal types include those in venture capital, M&A, private equity, and IPO.

“While the continuation value driven by intermediaries’ reputation concerns might be a candidate ex-
planation, the same logic should also apply to the original asset producers (or claim issuers) had they also
sought profit maximization over a longer horizon.


https://www.wsj.com/finance/banking/bank-synthetic-risk-transfers-basel-endgame-62410f6c?st=2xdmwejsz6ox7l7&reflink=article_copyURL_share

Fig. 1. Growing Share of Financial Intermediaries in the Asset Backed Securities Market
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Source: Finsight, Zoominfo. The figure shows the growing share of financial intermediaries (as opposed
to originators) in the ABS market. Categories of ABS in the figure include student loans, credit card loans,
CLOs, auto loans, equipment loans, CMBS, RMBS and esoteric receivables. Financial intermediaries are
defined as financial institutions with 2-digit SIC code between 62 and 67 (such as BlackRock Inc). Financial
institutions with SIC code 60 (depository institutions, say Citigroup) and 61 (non-depository institutions,
say LendingClub) are classified as originators.

By developing a novel general equilibrium framework under information asymme-
try, our paper seeks to provide economic insights behind intermediaries” operation in
the originate-to-distribute process and its connection with technology development. Our
economy consists of an asset origination sector, an intermediary sector, and an investor
sector. Assets are produced by agents in the origination sector with a costly retention;
high- (low-) type originators produce high- (low-) quality assets. Intermediaries, who are
also subject to retention costs, receive (partially) informative signals on asset types; this
provides a venue for originators to offload their produced assets, as intermediaries could
buy assets with certain “labels” in corresponding signal markets. Finally, in the asset
market a group of competitive risk-neutral investors without retention costs buy assets
from either originators or intermediaries. As such, a socially efficient arrangement in this
economy should only produce high-quality assets and redistribute all produced assets
from the origination sector to the investor sector before assets pay off.

Yet an information gap prevents such socially efficient outcomes from being achieved,
as outside investors can observe neither underlying asset types, nor signals generated
by intermediaries. Endogenous production decisions by originators—with privately ob-
served types—worsen information asymmetry, resulting in inefficiencies.

Similar to direct disciplining from trading counterparties in the canonical signaling

setting, a market illiquidity—based mechanism provides disciplining in our analysis where



an informed seller also makes endogenous production decisions.” Following Guerrieri
and Shimer (2014), in which adverse selection gives rise to illiquid asset trading with
rationing, we model asset market illiquidity as each unit of assets brought to the asset
market for sale ends up with A € (0,1) units of retention. Importantly, this forced (par-
tial) on-balance-sheet retention causes retention costs.’

We start with analyzing the market equilibrium in a benchmark “direct trading” econ-
omy without intermediaries; this corresponds to the traditional originate-to-distribute
model. Two economic inefficiencies plague the market equilibrium in this economy. First,
a production inefficiency arises as, in equilibrium, both types of originators are produc-
ing. While costly retention induced by market illiquidity disciplines low-type originators
and hence alleviates the production inefficiency, it entails allocative inefficiency—a positive
wedge of equilibrium marginal retention costs that exists between two types of origi-
nators. Section 3.2 shows that both inefficiencies are fully eliminated when we hypo-
thetically introduce a frictionless intertype market; there, low-type originators who can
identify asset quality naturally cease their own production and essentially serve as “in-
termediaries” between high-type originators and outside investors.

Motivated by the perfect efficiency restoration of intertype trading, Section 3.3 ex-
plores a more empirically relevant market solution where intermediaries leverage their
signal-generating technology (which generates high or low signals that inform asset types)
to serve as middlemen between originators and investors—i.e., an intermediated originate-
to-distribute model. We first establish a key property in the equilibrium: assets traded in
the signal market(s) must be homogeneous, with either identical asset quality in two sig-
nal markets or endogenous closure of the I signal market. Combined, we refer to this
result as “the endogenous closure of the lemon signal market,” and relate it to the clas-
sic “monitoring the monitor” issue (a la banks as delegated monitor in Diamond (1984))
behind intermediaries” operation.

Here is the key intuition. Just as low-type originators would like to produce and sell
lemons in a direct trading economy, intermediaries also have the option to purchase low
signal assets (presumably at a lower price) to substitute for high signal ones, as both are
sold at the same price in the asset market. However, because (the retention of) both high

and low signal assets will sit on a common balance sheet, intermediaries are naturally

5In the previous signaling-based literature (Leland and Pyle, 1977; DeMarzo and Duffie, 1999; DeMarzo,
2005; Vanasco, 2017), production is often held as exogenously fixed.

®In the situation of CLO arrangement, CLO managers typically retain equity tranches to signal quality
to investors or to comply with regulations (Benmelech et al., 2012; Cordell et al., 2023; Kundu, 2023). For
instance, the “Risk Retention Rule” applying to CLOs proposed in 2016 once required CLO managers to
retain 5% of equity tranches or 5% of all vertical tranches.



induced to “cherry pick” in their asset trading. This, in turn, effectively enables them to
“commit to” not purchasing any low signal assets from originators unless assets traded
in both signal markets are homogeneous.

With the aid of this powerful result, Section 3.3.2 fully characterizes the market equi-
libria in an intermediated economy and Section 4 reveals a critical role played by the
technology development level in this economy. We show that, at the low end of the tech-
nology level, intermediaries’ technology has no impact on equilibrium outcomes—the
intermediated equilibrium falls into a range we refer to as “technology irrelevant.” In this
range, uninformed intermediaries could potentially harm social welfare, despite the fact
that their involvement increases the economy’s balance sheet capacity.

Intuitively, the operation of uninformed intermediaries lowers the production effi-
ciency in the economy. In particular, in such tech-irrelevant equilibria, originators” pro-
duction wedge (i.e., the production gap between two types of originators) stays the same
as that in a direct trading economy; consequently, the elevated production levels of both
originators due to intermediated sales worsens the average quality of the total produc-
tion. When the lemons problem is severe, this negative effect on production efficiency
dominates its positive effect on allocation efficiency as intermediaries bring in more bal-
ance sheet capacity to the economy. Furthermore, we are able to provide a sharp param-
eter condition—both necessary and sufficient—on the severity of the lemons problem,
under which “uninformed intermediaries” hurt the surplus of the economy.

Progress in intermediaries’ technology starts to transmit into equilibrium outcomes
once the technology level surpasses a certain threshold. In such a “technology relevant”
range of the intermediated equilibrium, an “eligible selling” constraint—that originators
cannot sell more in / signal market than the amount of their produced assets that receive
the favorable (/) signal—becomes binding for low-type originators but not for high-type
ones. This asymmetric impact on originators’ selling in the signal market translates into
an enlarged production wedge in the economy (compared to that in a direct trading econ-
omy) and gets further widened as intermediaries” technology improves. As such, the
operation of informed intermediaries generates a socially efficient “cleansing” effect on
asset production in the economy: the widened production wedge improves average asset
quality traded in the asset market, supporting an elevated trading price and total pro-
duction quantity (hence, input capital price) in the economy, which further disciplines
“lemon” production by low-type originators.

We consider extensions of our model along several dimensions and study the implica-
tions under these alternative specifications in Section 5. In particular, we provide a micro-
foundation following Guerrieri and Shimer (2014) for a key economic variable, the market



illiquidity A, which is held as exogenous for most of our analysis. We also consider exten-
sions with imperfectly observed seller occupation identity (so that asset market sales by
originators and intermediaries could be executed at separate prices) or indivisible trading
in asset market (so market illiquidity amounts to a probabilistically asset sale).

The rest of the article is organized as follows. After a brief literature review, Section
2 introduces our model of (intermediated) asset origination and distribution under in-
formation asymmetry where asset sales are subject to market illiquidity. We analyze its
market equilibrium in Section 3, and investigate the welfare implications in Section 4. We

discuss model extensions in Section 5 and conclude in Section 6.

Related Literature By studying the traditional originate-to-distribute lending model
with information asymmetry in a modern context with ever-improving information tech-

nology, our analysis in this paper connects several strands of literature.

Signalling models via costly retention. Since the seminal work by Leland and Pyle (1977),
an extensive literature has developed on asset sales in the presence of adverse selection,
with the common feature that informed asset sellers signal their types via retention.” Our
analysis departs from this literature in the following important respects.

First, despite a close connection, our notion of market illiquidity differs from that in
the classic signaling literature on asset sales under information asymmetry, which typi-
cally features an upward-sloping pricing curve against retention under a fully separating
equilibrium. Our modeling of illiquidity and trading protocol is closer to the directed
search setting developed by Guerrieri and Shimer (2014), in which assets brought to the
same market are subject to the same selling illiquidity (modeled as the probability of sale
being rationed). This market illiquidity-based mechanism allows us to conduct analy-
sis of asset sales with information asymmetry under environments where other endoge-
nous decisions by asset sellers (say, production) potentially limit sellers” commitment
capability—which is key to the retention-based signaling mechanism.

Second, by studying asset originators’ endogenous production decisions, our paper
explicitly addresses concerns over the “originate-to-distribute” model featured in a large
body of both theoretical and empirical studies (Gorton and Pennacchi, 1995; Parlour and
Plantin, 2008; Drucker and Puri, 2008; Keys et al., 2010). Notably, in contrast to con-
sidering particular contract features (which involve assuming implicit guarantees by the

loan originating bank) that mitigate banks” moral hazard when a fraction of their orig-

7To name a few, Gorton and Pennacchi, 1990; DeMarzo and Duffie, 1999; DeMarzo, 2005; Vanasco, 2017.
For instance, DeMarzo and Duffie (1999) study the ex ante optimal security design problem for the in-
formed seller who retains certain assets for signaling purposes ex post, and Vanasco (2017) shows that
costly retention of cash flows is essential to implement ex ante asset screening.



inated loans are sold as in Gorton and Pennacchi (1995), our analysis does not rely on
imposing any implicit guarantees (or other such commitments) by asset originators in re-
solving the moral hazard problem.® Relatedly, compared to the typical over-the-counter
setting assumed in this literature (say, DeMarzo, 2005; Vanasco, 2017), the Walrasian-style
trading protocol adopted by this paper could further exacerbate such incentive problems
associated with the production of “lemons.” Also, unlike DeMarzo (2005), who studies a
monopolistic intermediary, we focus on a competitive intermediary sector and highlight
the welfare impact of intermediation when information technology improves.

Third, focusing on pooling equilibria, we investigate the macroeconomic consequences
of asset production and trading under adverse selection. In this regard, our paper is
closely related to Eisfeldt (2004); Kurlat (2013, 2019); Guerrieri and Shimer (2014); Chang
(2017), all of whom study pooling equilibria arising in lemon markets to understand the

macroeconomic implications of adverse selection.

Financial intermediation. Our paper is also related to the literature on financial intermedia-
tion with information asymmetry.” When private information ownership is transferred to
an “intermediary,” the issue of “monitoring the monitor” generally arises (Diamond, 1984),
which also applies to our setting with (informed) intermediaries.'? Our analysis differs in
that we focus on market-based solutions, rather than contracting, in resolving incentive
issues.!! Mechanism-wise, “cherry-picking” by intermediaries in our model is reminis-
cent of “winner-picking” by corporate headquarters in Stein (1997).

Unlike Dang et al. (2017) where intermediaries serve the role as “secret keepers” who
prevent the dissemination of new information, our analysis includes only one layer of
information asymmetry—once the production type shock is realized and assets have been
produced, there is no further “state uncertainty” regarding asset payoff, which is crucial
for the “Hirshleifer effect” in Dang et al. (2017).12

Intermediation chains. By emphasizing an “intermediated” originate-to-distribute model,

8Gorton and Pennacchi (1995) consider two contract features in loan sale arrangements that incentivize
the bank to provide credit service: (i) an agreement by the bank to sell only part of the loan, and (ii) a
guarantee by the bank to repurchase the loan in certain situations.
9For instance, Diamond, 1984; DeMarzo, 2005; Glode and Opp, 2016; Dang et al., 2017.
1%Tust as the banker in Diamond (1984) can misreport the cash flow she privately observed to outside
investors, informed intermediaries in our analysis also have the option to purchase low signal assets (pre-
sumably at low prices) and sell these low signal assets to uninformed buyers, who cannot observe the
type/signal of assets purchased by intermediaries.
HIn Diamond (1984) debt contracts are the solution to incentive provision for delegated monitors to
conduct monitoring and report truthfully while incentive provision in Park (2000) hinges on claim seniority.
12In Dang et al. (2017), keeping this second layer of information regarding the state realization from
being unfolded is the key to ex post insurance between early and late consumers—an effect articulated by
Hirshleifer (1971).
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Fig. 2. Model Scheme

our paper also relates to the literature on intermediation chains, which includes over-the-
counter search models (Atkeson et al., 2015; Hugonnier et al., 2019; Sambalaibat, 2021;
Shen et al., 2021) and credit chains (He and Li, 2023; Glode and Opp, 2023).

Like our paper, Glode and Opp (2016) point out that placing a moderately informed
intermediary between trading counterparties who are subject to information asymmetry
can improve trading efficiency. There are at least two salient differences. First, while
Glode and Opp (2016) study a setting involving a monopolistic seller, our analysis is
placed in a competitive setting within a macro context where costly retention is a critical
ingredient affecting trading and production efficiency in the economy. Second, perhaps
more importantly, in Glode and Opp (2016) intermediaries play no role if they are ei-
ther fully informed or uninformed, while we deliver a monotonically increasing effect of

intermediaries” informedness on trading efficiency.

2. An Intermediated Originate-to-Distribute Model

This section introduces our model formally (Section 2.1) and defines the market equi-
librium in this economy (Section 2.2). Section 2.3 then solves for the constrained efficient

allocation as a benchmark.

2.1. Model Setup

Consider an economy with three dates (t = 0, %, 1). As shown in Figure 2, the model

consists of three distinctive economic sectors: an asset origination sector, an intermediary



sector, and an investor sector. Both the asset origination and intermediation sectors are

run by infinitesimal agents with unit measure.

2.1.1. Agents, preferences, and technologies

Asset originators. A unit measure of asset originators are equipped with production
technology to originate certain assets that generate payoff on date 1. In our main appli-
cation these assets are financial assets, although our model could also apply to real goods
(e.g., cars, luxury goods).

The economy is populated with two types of originators; a measure of 7 € (0,1)
(1 —m € (0,1)) are H-type (L-type) originators. Type-6 originators, with § € {H, L} can
produce assets that generate a per-unit payoff of xy at date 1, with xy > x;. Each unit
of asset originators’ production requires a unit of input capital.!®> The aggregate supply
of input capital in this economy is captured by a convex curve K(Q), where Q > 0 is
the total input capital with K'(Q) > 0, K”(Q) > 0, implying a competitive input capital
price k = K'(Q).!* For simplicity we set K(Q) = Q + 5Q?, such that capital production
involves a linear marginal cost (normalized to unity without loss of generality) and a
quadratic adjustment cost with ¥ > 0 a la Hayashi (1982).

Throughout the analysis, without loss of generality we specify xy = X > land x; =0
to simplify the notation. Given the capital production function, we know it is socially
efficient to let only H-type originators produce in this economy.

We assume that asset originators are subject to an important constraint: it is costly
for asset originators to hold the assets they have produced until the moment when asset
return is generated. We capture this costly holding of assets for originators by a retention
cost function R(r) = %,
tor’s own balance sheet before the assets pay off.!> Practically, this convex asset retention

where 7 is the amount of assets remaining on the asset origina-

cost can be understood as stemming from inventory cost (Ho and Stoll, 1980), risk aver-
sion (Leland and Pyle, 1977; He and Krishnamurthy, 2013), and/or opportunity cost of
capital (DeMarzo and Duffie, 1999; Opler et al., 1999).

131n the context of the origination of financial claims/assets, the input capital could be viewed as deposits
or other funding obtained from money markets.

14The upward sloping supply curve of input capital could be realistically mapped into the setting where
the local deposit market serves as the major source of (cheap) funding for loan origination performed by
banks operating in a local economy.

15This is the certainty equivalent of risk aversion—-driven retention costs under a CARA-normal setting
as in Leland and Pyle (1977); there, an informed seller with an constant absolute risk aversion L (or risk-
bearing capacity p) retains an endogenous fraction of her assets to signal the asset quality of what she is
selling. Most of our analysis goes through with a general convex retention cost, except that the quadratic
cost does carry one extra property: marginal cost is linear in holdings. This nice analytical feature plays a
role later in Section 3.3 when we invoke the sequential equilibrium refinement a la Kreps and Wilson (1982).



The convex holding cost incentivizes originators to sell their assets, with the following
two options. They can trade either directly with outside investors in the asset market on
date 1, or indirectly by going through intermediaries in the signal markets on date %

Intermediaries and information technology. Facilitating the redistribution of originated
assets, the competitive intermediary sector with a unit mass purchases produced assets
from originators and then brings them to the asset market for sale; see Figure 2. Like
originators, intermediaries incur a quadratic retention cost R;(r) = {—;I if they retain 7 on
their balance sheets. Here, p; > 0 denotes the intermediaries’ risk-bearing capacity.
Intermediaries in our model specialize in identifying assets types, with a common
information technology that generates informative signals on assets produced by orig-
inators. Following Hauswald and Marquez (2003) and He et al. (2023), we model the
intermediary’s information technology by a partially informative signal j € {h, 1} for any

asset with type 0 € {H, L}, with i.i.d. realizations across all assets:

agp, =Pr(j=hl0=H)=ay =Pr(j=10=L) =q, (1)
ag =Pr(j=10=H)=ua, =Pr(j=hlf=L)=1—a.

Under this symmetric signal specification, the parameter a € [%, 1] captures the level of
information technology in this economy, the scope of which includes but is not limited
to big data, machine learning, and artificial intelligence. In our model, a higher « allows
intermediaries to generate more accurate signals on asset quality and thus make asset
purchases in more informed manners.

Aided by signals, the intermediation sector fosters two potential signal markets in-
dexed by j € {h,1} where assets labelled by the same signal are pooled and sold from
originators to intermediaries who then resell to investors in the asset market. Denote the

price in the signal market j by p; > 0.

Asset buyers. Finally, in the asset market, a group of competitive risk-neutral investors
purchase assets sold either by originators or intermediaries. Without retention costs,
these investors are the most efficient holders of the originated assets in this economy;
this is where the gain from trade lies—as has also been recognized by previous studies
of originate-to-distribute lending models. However, unlike Gorton and Pennacchi (1995),
we assume that no implicit guarantees (e.g., repurchasing problem loans at prespecified
prices) can be granted in asset market transactions. As a result, L-type originators (in-
termediaries) tend to overproduce (overpurchase) given the absence of contract-based

commitments.



2.1.2.  Information structure, trading, and the illiquid date-1 asset market

As shown in Figure 2, on date 0 an asset originator decides his production size gy after
privately observing his own type 6. On date %, each asset receives a noisy signal j € {h,1}
from the intermediary sector as given in (1) in an i.i.d. manner, so that a fraction agy, (xg;)
of the originators’ produced assets receive an  (I) signal.!® The originator then decides
to sell sg; € [0, ag;qp] of his produced assets labeled by j signal to intermediaries at each
signal j € {h, 1} market, which leaves q¢ — }; s¢; > 0 in his hand.

We highlight that the asset originator faces an “eligibility constraint in signal market
selling” ( “eligible selling constraint” for short) that says sp; < ag;qg. A higher information
technology parameter a, which amounts to decreasing (or increasing) ag; as in (1), thus
tightens (or loosens) the eligible selling constraint for a -type originator when selling
in j signal market. As we will show later, such tightening/loosening of eligible selling
constraints then affects originators’ production decisions, through which the progress in
intermediary technology « gets transmitted to equilibrium outcomes.

On date 1, both originators and intermediaries sell their holdings at an endogenous
price p 4 to outside investors in the asset market, which is illiquid (to be discussed shortly).
For a 6-type originator whose retention is ) ; rg; after trading, where ry; is his post-trading
asset holding with signal j, he has sold gg9 — Y.jsej — Ljrej = 0 at price py in the asset
market. Intermediaries who have purchased b;; > 0 in signal markets bring s;; € [0, blj]
to the asset market for sale, at the same price p4 as originators. We call p4 the asset mar-
ket price, and we will discuss the assumption of a single selling price for both originators
and intermediaries shortly.

Following the spirit of Guerrieri and Shimer (2014), we assume that the asset market
on date 1 has uninformed investors as asset buyers and is “illiquid,” in the sense that for
any unit of asset put on sale, there is some rationing and with an exogenous probabil-
ity A > 0 this asset remains on the seller’s balance sheet, causing retention costs. Since
traders can always diversify by splitting their orders, this assumption amounts to market
illiquidity where for each unit of asset put on sale, sellers have to retain A fraction of it,
capturing the essence of Leland and Pyle (1977). Otherwise, markets operate in a “Wal-
rasian” manner; that is, price-taking sellers (originators or intermediaries) submit their
orders for any arbitrary amount of assets for sale.

Our analysis centers around this market illiquidity-based disciplining—modeled in

16The signal is at the asset level—i.e., for a given asset, every intermediary in the entire intermediary
sector receives the same signal. This can be justified that the intermediary sector shares similar information
technology and allows us to avoid the unnecessary complication that intermediaries face a winner’s curse
issue in purchasing the assets from originators.
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reduced form as a minimum retention fraction of A per unit of asset brought for sale. In
the context of CLOs, such retention includes the equity tranches that are often retained
by CLO managers due to signaling or regulatory purposes (Benmelech et al., 2012).!”
Furthermore, the same market illiquidity A applies to both originators and intermediaries
only in the date-1 asset market, while trading between originators and intermediaries
on date ; in the signal markets is free from this friction; they rule out any mechanical
(dis)advantage of intermediation.

Finally, we impose the following two technical assumptions for our equilibrium to
be well-behaved, although they are not central to our mechanism. First, for equilibrium
uniqueness, we follow the equilibrium refinement approach as in Selten (1975) and Kreps
and Wilson (1982) whenever needed. Specifically, we introduce a positive sequence {e}
with € — 0, so that asset sales in each signal market fail with probability € > 0. The
model with perfectly liquid signal market trading is thus the limiting case of e — 0.
Second, to determine “shadow” prices in signal markets with potentially zero volume in
equilibrium, we simply assume that a v — 0 measure of originators randomly bring their

assets to the corresponding signal market.!®

2.1.3. Discussion on model assumptions

Illiquidity and trading protocol of asset market. The asset market illiquidity in our
model, captured by a positive probability of failed asset sale and hence forced retention,
is closely related to but differs from those in the previous signaling literature (e.g., Leland
and Pyle, 1977; DeMarzo and Dutffie, 1999; DeMarzo, 2005; Vanasco, 2017) that focuses
on fully separating equilibria. From this perspective, the illiquidity-implied retention
in our model can be viewed as a pooling equilibrium in Leland and Pyle (1977) such
that both types sell a fraction 1 — A of their assets, with the off-equilibrium belief that
only low-type deviate.!” When studying the role of informed intermediaries in a general
equilibrium framework, our approach of treating the illiquidity-implied retention as an
exogenous parameter offers a clear advantage over the more classic microfounded signal-
ing setting.? In particular, exogenously fixing the (minimum) retention fraction per unit

7In practice CLO managers often keep equity portion; this could map to an effective retention share that
is greater than their dollar-amount retention as equity tranches provides more incentives.

18They behave like “noise traders” and can be justified by some unmodeled trading demand. Note,
because the produced quantities by two types of originators are endogenous, the “shadow” prices are
endogenous as well.

9Though, technically speaking, to support this equilibrium one needs to check the incentive compatibil-
ity condition for the high-type, which can be ex post verified once the market equilibrium is derived.

2In this literature, the retention-based signaling mechanism crucially relies on the seller’s commitment
technology, which is restrictive given the seller’s other endogenous decisions in our macro-based economy.
For instance, with endogenous production, a retention-based signaling mechanism becomes ineffective
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of asset allows us to study the aggregate quantity of assets produced—and their quality
composition—in the market equilibrium.

As explained, our modeling of illiquidity and trading protocol is closer to the directed
search setting developed by Guerrieri and Shimer (2014). As an extension, in Section
5.1 we follow their framework to endogenize market illiquidity A as the probability of an
asset sale being rationed when total demand of assets falls short of total supply. In Section
5.3 we also consider an alternative setting of indivisible assets; this alternative setting is
equivalent to a random search framework with matching probability A and is perhaps

more suitable for the application of real goods (as opposed to financial assets).

Asset market trading price. For most of our analysis, we assume that the identities of
asset sellers (i.e., originators or intermediaries) are concealed from buyers. Consequently,
both sellers are pooled, and investors buy assets at the same price denoted by p4.?! In
Section 5.2 we relax this assumption by considering a generalized setting where seller
identity is (imperfectly) observed in asset market trading. More specifically, we assume
that with certain exogenous probability an intermediary’s selling could be executed at the
price p 4, which pools with orders from originators as in our benchmark analysis, or at a

separate selling price p}, only for intermediaries.

“Signal” generated by intermediaries. Because we are interested in how intermediaries
(with the aid of information technology) overcome the classic “monitoring the monitor”
problem a la Diamond (1984), we assume that “signals” generated by intermediaries in
our model cannot be observed by outside investors. In this regard, such signals are best
interpreted as “internal ratings” and related information that guide intermediaries” pur-
chasing decisions. For example, in the ABS market, intermediaries develop so-called pro-
prietary credit scoring models that leverage alternative data and machine learning tools
to evaluate the default probability of underlying loans.

Note the difference between the role played by intermediaries in our model and that
of rating agencies, which also involves a “signal generating” practice. Unlike rating agen-

cies, whose profits come solely from generating and selling information to potential users

when uninformed buyers cannot directly observe the total assets owned by the seller. More generally, the
point of unobserved endowment is highlighted by He (2009) who studies sales of two correlated assets.

2lIn practice, outside investors in the asset market might not have a good idea about whether an asset
seller is behaving as an originator or an intermediary; our baseline can be considered this friction’s extreme
case. Relatedly, as mentioned in footnote 1, the fact that some large commercial banks (e.g., JP Morgan)
actively serve as both originator and intermediary in certain loan markets (see this news report) also implies
practical difficulties for investors pricing the asset contingent on seller identity. Consistent with this, JP
Morgan Chase & Co serves as an originator of the underlying corporate loans of CLOs but simultaneously
shows up as financial intermediaries selling mortgage loans originated by other financial institutions in the
MBS market, based on our Finsight data for Figure 1.
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of the information, intermediaries in our model utilize their own balance sheets to lever-
age private information they obtain through generating informative signals. Otherwise,

they may not be able to credibly communicate this information to others.

2.2.  Market Equilibrium

Given a strategy {qe, Soj, 76j } jc (1,1}, @ type-0 originator has an expected payoff of

Vg <{%,59j,r9j}je{h,l}> = - i’;k/ + ZP]'S@]' (2)

date 0 production cost N ] _
date % payoff

o ]

~
date 1 payoff net of retention cost

+

.

where he produces gg on date 0, sells sy; in the signal j market on date 3, and chooses the
post-trading retention ry; of his signal j assets—by bringing ﬁ (ocg]-qg — Spj — 1’9]') of his
remaining j-signal assets for sale in the asset market on date 1.

Throughout the paper, we require that neither originators nor intermediaries can bring
more than what they own to the asset market.?> Given signal generating technology as
in Eq. (1) and market illiquidity such that each unit of assets brought to sale in the asset
market will lead to A units of asset retention, this requirement implies a “minimum re-
tention” constraint, rg; > )\(069]'(]9 — 59]-), for originators. Therefore taking the equilibrium

prices {pa, pj, c}tje(n) as given, the originator solves

vy = {%nglmj}je{h?;g;y (coto—s01) g ({%, Sej, fej}je{h,z}) , (3)
Also, we implicitly require all variables (e.g., qg, S¢;) to be weakly positive; nonnegativity
constraints are omitted to avoid cumbersome notation.

An intermediary, who observes informative signals {#, 1} on originated assets, chooses
her asset purchasing and trading strategy {byj, 71;} e s,y in which she purchases bj; (j €
{h,1}) from signal market j, and chooses post-trading holding {r;;};c(;1) of purchased

assets given the illiquid asset market, with a similar minimum retention constraint rj; €

22This requirement is essentially the same as imposing a no-short-selling constraint on agents in this
economy.
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[Abyj, byj] for both j € {h,1}. The payoff to an intermediary with strategy {byj, 71} je 5,1} is

{bl]’rl]}]e{’ll}

v = max er]x] + pA Z bl] — 7"1] (ZVU)] - Zp]blj 7 (4)
J

~—
date 1 payoff net of retention cost date % purchase cost

where x; (j € {h,1}) is the average asset quality in signal market j:

v g XoSo;
! >0 Sj ’

(5)

given the equilibrium signal market trading strategies {s¢; }gc (11,1} je {1} @doOpted by asset
originators and the signal generating technology as specified in Eq. (1).

The average quality (and hence intermediaries” belief of it) in a j signal market as
characterized by Eq. (5) is not well defined given zero trading volume (which could
occur in equilibrium for the I signal market in Section 3.3). To properly define the off-
equilibrium belief in such situations, recall toward the end of Section 2.1.2 we assumed
that an infinitesimal v > 0 measure of originators behave as “noise traders,” such that
they bring all their eligible (j-signal) assets to the j signal market for sale.”> Therefore,

intermediaries’ belief for this j signal market with zero volume is

Lo XoTlokgjqp
Y0 TTolgjdo

(6)

Note, this off-equilibrium belief about the average quality is still endogenously deter-
mined as it depends on the equilibrium quantities {g4}.

Given the equilibrium strategies, the equilibrium asset market price p 4 is determined
according to Bayesian updating by risk-neutral outside investors,

Lo xa |27t (w00 — se — ro7) | + 5% (byj = 71y)
Lo [ZJ o (aojq0 — 79])} + % (b1 — 1)

pa = ()

where a type-0 originator (intermediary) brings ~%7 4" (b” 1Y of his (her) produced
(purchased) j-signal assets for sale in the asset market.

23For the signal market with strictly positive volume in equilibrium, this is an innocuous assumption as
the resulting equilibrium is the limiting equilibrium when v — 0.
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On date %, each signal market j € {h,1} must clear, which requires
Y mpse; = bij. (8)
0

At date 0, the total asset quantity, Q = )  79qp, pins down the equilibrium input price k:

k=K(Q) =K (2 7-(9%) =1+« <2 ﬂgqg) . 9)
0 0

We now formally define the market equilibrium in the economy.

Definition 1. (Market equilibrium). A market equilibrium consists of the asset production
and trading strategy {qe, s9j, Toj }oe (1,1} je{n1} Of asset originators, the purchasing and retention
strategy {brj, 71} je (n,1y of intermediaries, and equilibrium prices {pa, pj, k}je (1) such that

1. Optimization of agents: Given equilibrium prices {pa, pj, k}jc(n1, originators” equilib-
rium strategy {qg, Sej, Toj toc {H,L} je {n,1} S0lves (3) and intermediaries” equilibrium strategy
{b1j,r1jtje 1y solves (4);

2. Bayesian consistency: Given equilibrium strategies {qe, Sej, 70j, b1j, 71j}oe {H L} je {11}
asset market price p 5 satisfies the Bayesian updating rule as in (7);

3. Market clearing: Prices {p;};cy,y clear the signal markets as in (8) and k is the input
capital price as in (9).

Parameter assumptions. We impose two parameter assumptions throughout the paper.
First, X > 1; that is, H-type production has a positive NPV without capital adjustment
cost, so that H-type originators produce in the planner’s solution. Furthermore, for cer-
tain convenient equilibrium properties, we restrict intermediaries” risk bearing capacity

p1 to be relatively small, so that

. AQ4
1 < min {ﬁ,/\p} , (10)

where Q7 is a function of primitive parameters (independent of p;) defined in Eq. (22) in
Section 3.1.%4

240ur analysis does not necessarily require that p; < p, although in practice given the commercial bank-
ing sector’s advantages (e.g., cheap deposits funding) over the shadow banking sector, it seems indeed true
that it is way costlier for intermediaries to retain assets on their balance sheet than originators. Indeed, as
shown by Jiang et al. (2020), shadow banks retain 5.6% while banks retain around 40% of their originated
home mortgage loans (one year after origination).
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2.3.  Constrained Efficient Allocations

As a benchmark, we characterize the (constrained) efficient allocation in this economy.
The planner maximizes the total payoff from produced assets, net of the cost associated
with input capital and the retention of assets, subject to the same illiquidity in the asset
market and minimum retention constraint. Denote post-trading retentions across both
originators and intermediaries as rg = Z]- rej and rp = XTI The constrained efficient
allocation is defined as follows.

Definition 2. (Constrained efficient allocation). The constrained efficient allocation {qj, v, 17}
for 6 € {H, L} solves the following problem:

S* = max 27'[9[]93(9 —K (Z 7T96/9> - [Z TpR (7’9) + R; (VI) ’ (11)
0 0

{qﬂrrﬂr”l}ee{H,L} 0

NV N Ve

Production Production cost Retention cost

with the minimum retention constraint Y g 7erg + 11 > A 'Y g TTpqe.

Under constrained efficient allocation, only H-type originators should produce; the
optimal retention policy equalizes marginal retention costs across all agents:

== angy, =1 Angy,. 12

HETL= o AR L= e AT (12)
Type-H asset originators produce g3; so that xy — K' (mrg};) — AR (r};) = 0, and the
constrained-efficient production Q* = %H solves

* 2
X:xH:K’(Q*)jLAR’(%) = (K+ A )Q*: X—1 . (13)
P1+p pFpr S
~ ~~ ~ marginal gain (of H type)

marginal cost

Here, the left hand side is total marginal costs including input adjustment cost and re-
tention, and the right hand side is marginal gain from production (of the H type). Note
here 7t does not play a role since the planner will guarantee that all input capital is used
for only type-H production. Solving for the constrained-efficient level Q*, we have the
following proposition.

Proposition 1. The constrained efficient allocation that solves Eq. (11) is characterized by

1. efficient asset production: only type-H asset originators produce, i.e., q; = 0, and the
quantity of production by each type-H originator is q3; = %*; and
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2. efficient asset allocation: marginal asset retention cost is equulized across both types of orig-

. . . . . * ok p * *
inators and intermediaries, i.e., 1y = 1 = SEoAQ  and 17 =

P+P

3. Equilibrium Characterization

This section first characterizes the equilibrium with direct originate-to-distribute as a
benchmark (Section 3.1), based on which two distinct economic inefficiencies are high-
lighted (Section 3.2). Section 3.3 then delivers a full characterization of our model where

an intermediation sector is allowed to participate in the originate-to-distribute process.

3.1. Equilibrium with Direct Originate-to-Distribute

This section studies a benchmark economy where intermediaries are “banned” from
trading (i.e, setting p; = 0), so that asset originators can only sell directly to investors; see
Figure 3 for the model scheme indicated by superscript “d.” As mentioned, this economy
corresponds to the traditional originate-to-distribute model. We will refer to it as a direct

originate-to-distribute economy, or a direct trading economy interchangeably.

No voluntary retention (of originators) Consider first a type-0 originator’s selling strat-

egy. Given date 0 production qg, post-trading retention satisfies rg S [/\qe,qe] due to

market illiquidity. Therefore optimal post-trading retention r4 is determined as
W ; d d

d( d _)\qe’ lfxe_pA_ (rG) <O (14)
€ (Aq4,q4), ifxg—p% — R’ (r4) > 0 with equality only if binds at gg.

Intuitively, originators try either to sell all their produced assets (so retention ry binds at
Aqp), or to retain some assets voluntarily so that post-trading retention ry > Agy. The next
lemma shows that in equilibrium only the first case in (14) arises.

Lemma 1. In equilibrium, p% — k% > 0. Asset originators bring all produced assets to the asset
market for sale, with equilibrium post-trading asset retention rg = Agqd for0 € {H,L}.

To see the intuition, if the originators” post-trade asset holdings are ever in the second
case r? € (Aq8,qd], then they can always produce and sell 6 more by putting = 0 + more on
sale (which keeps the total holdmg rg fixed). This deviation strategy allows any originator

to earn an additional payoff of p% — k%, which is strictly positive in equilibrium.?> This

2The intuition for p% — k% > 01is as follows. If p% < k%, the L-type originators will not produce, since the
marginal payoff to their production is bounded by Axy, + (1 — A)p% < p%. But this means that p% equals
xp, which must be strictly higher than k? to ensure that the H-type are indeed producing in equilibrium.
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Fig. 3. Economy with direct originate-to-distribute (without intermediation)
This diagram illustrates the production and trading scheme in a direct trading economy. A fictional inter-
type market, represented by a shaded box inside the dashed circle, will be added in Section 3.2.2.

contradicts individual originators” optimization.

Thanks to Lemma 1, an originator with type 6 solves

vl = max vi(gd) = max xeAqs + p4(1—A)gd — R ()\qg) — kg4, (15)
79=0 75=>0

with the following optimality condition:

2 ) >0, if (1—=A)ph + Axg — AR (Agl) = k9,

T (16)
=0, if (1—A)p% +Axg— AR (Agd) < k-

Moving on to prices, since 7t (1 — 77) measure of H- (L-)type originators bring in gy
(gr) units of H (L) assets, the asset market price in Eq. (7) becomes:

d _ n—qtli-le + (1 - ﬂ)qliXL _ nq?{X (17)
Pa= NZ Ry, R L R——;
nqy + (1 —m)gf nqy + (1 —7)qf

and the equilibrium input capital price k¥ = K'(Q4) = K’ (nq% + (1 — 7)q?) as in Eq. (9).

Equilibrium characterization. First, from originators” optimization (16), when both are
producing we obtain the production wedge between two types of originators:

X
A =gt —qf = ’)7, (18)

which is independent of production costs (i.e., adjustment cost x). Intuitively, since both

types of originators purchase input capital and sell produced assets at the same prices,
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the indifference condition requires that the wedge in marginal retention cost should be
exactly offset by the asset quality difference, that is,

AR'(Agg) = %Aq = Axg=X . (19)

(. J/

~~ asset quality difference

wedge in marginal retention cost

Combining originators” optimality conditions (16), one can show that, system-wise, the
marginal cost and benefit of asset production equalize in equilibrium. Further, with in-

vestors’ risk-neutral pricing (17) that relates p4 to Ag in (19), we have

AN d 25
(K-I-F)Q =(1—A)ij—A7rX—1J: X -1 -I-(l—)\)n(l—n)@. (20)
marginal gain baseline gain ~ - ~~ -
marginal cost incentive due to retention

In Eq. (20), we have the same marginal cost of production due to input capital adjustment
and retention (except p; = 0) as Eq. (13), but the marginal gain from production differs
from the constrained-efficient level X — 1: it consists of a baseline gain 77X — 1 determined
by the projects” average quality with noncontingent production and an incentive-based
gain (1 —A)m(1—m) 5% driven by originators” production (and hence retention) wedge.

In equilibrium H-type originators always produce (i.e., gg > 0) while L-type orig-
inators” production could be binding at g, = 0. When q;, > 0, the equilibrium total
production Q“ solves the quadratic equation (20), which always admits a unique positive

solution. Proposition 2 characterizes the market equilibrium with direct trading.

Proposition 2. (Characterization of equilibrium with direct trading). A unique market
equilibrium exists in a direct originate-to-distribute economy and is always stable.

1. If % < &Z + A, L-type originators do not produce, i.e., q;, = 0, while H-type originators

produce gy = ;f 7(:;322 > 0; equilibrium prices are given by
d d KﬂpX + )Lz
=X = _ >1. 21
Pa ’ kX + A2 = @1

2. Otherwise, the equilibrium features an interior solution with input capital price given by:

By + /B3 —4A,4Cy
- € (0,00), (22)

d
Q= 2A,

where Ay = A <K+ %), By = A(nX —1),and C; = —(1 — A)p(1 — )k X% The

19



equilibrium input capital price k and asset market price p‘fq are given by
d d d 1 A\
k* =14xQ" and Pa=1—73 K—i—? QY —AnX +1| € (X, X). (23)

The originators” equilibrium strategies {qg, rg = Aqg}ge (H,L) are given by

1-m)X
=X oo, gy =gt P TX T X

(24)

In a direct trading economy, L-type originators produce a positive amount given a
sufficiently small retention cost p; in our subsequent analysis, we focus on the scenario
of positive production from L-type originators. In addition, the asset market price p* is
always above the average asset return without contingent production, 77X, which reflects
the disciplining effect of market illiquidity A.

Finally, we note that the equilibrium in Proposition 2 must be stable: any price de-
viation from the equilibrium level p* always leads to a new average quality in the as-
set market (via affecting originators’ production), which cannot keep up with the initial
price change, pushing the system back to the original equilibrium. Trading illiquidity in
the asset market plays a key role in guaranteeing equilibrium stability in direct trading

economies;°

as analyzed later in Section 3.3, unstable equilibria potentially arise in an in-
termediated economy where trading between originators and intermediaries is immune

from illiquidity problems.

3.2.  Efficiency Analysis of Market Equilibrium with Direct Trading

We first demonstrate two distinctive sources of inefficiencies suffered by market equi-
librium in a direct originate-to-distribute economy, which can be addressed by ex ante
commitment and ex post trading, respectively. We then show that frictionless intertype
trading can fully restore efficiency.

3.2.1.  Two economic inefficiencies in market equilibrium with direct trading

First, both types of originators produce in the market equilibrium in a pooling equi-
librium, reflecting the standard lemon problem; recall L-type should produce nothing in
the planner’s solution (Proposition 1). This captures production inefficiency.

26Through its disciplining effect, the market illiquidity in the asset market ensures that the equilibrium
asset quality traded in the market is high enough, such that a positive price deviation cannot induce further
asset quality improvement in the asset market.
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Second, while retention caused by market illiquidity disciplines asset production, it
necessarily leads to another distinctive source of allocative inefficiency given the convex
retention costs. The marginal retention cost for the type-6 originator is R'(Agy); as H-type
originators produce more given their superior production technology (see Eq. (24)), they
have a higher equilibrium marginal retention cost.”’ The wedge between marginal re-
tention cost, R'(Agy) — R'(Aqr), is thus positive and creates room for mutually beneficial

trading between asset originators of different types ex post, to which we turn next.

3.2.2. Intertype trading and efficiency restoration

Before analyzing the role of informed intermediation, we study one interesting variant
of our direct trading economy by allowing for intertype trading. More specifically, as in
Figure 3, suppose that originators can trade their assets among themselves in a frictionless
intertype market before they sell in the illquid asset market. Importantly, “frictionless”
here means that the intertype trading market is free from information asymmetry (say,
because asset originators are experts in this business). In Appendix A2.2 we show that L-
type originators purchase assets produced by H-types in the intertype market and resell
them in the asset market, so much so that it restores the efficiency fully. We have the

following proposition for this economy indicated by superscript “d” and “hat.”

Proposition 3. (Efficiency restoration by ex post intertype trading). Suppose p; = 0. The
market equilibrium with intertype trading implements constrained efficient allocation with effi-
cient production, i.e., 4%, = %* with Q* given in Eq. (13), and 49 = 0; and efficient balance-sheet
allocation, i.e., §%; — 84, = g4 + b4,

Since frictionless intertype trading allows both types of originators to reshuffle their
holdings, it is not surprising that all asset originators end up with the same holding,
resulting in efficient allocation. Somewhat surprisingly, asset production also becomes
efficient—both the composition of asset production (no lemons being produced) and the
total quantity of assets produced (Q*) are identical to those given in Proposition 1.

To understand the production efficiency, note that the intertype trading opportunity
(on H-type assets) lowers an L-type originator’s incentive to produce lemons. On the
other hand, an H-type originator—now with an additional venue to offload assets—is
encouraged to produce more, and the combination of both forces “cleanse” the asset mar-
ket. This cleansing process is self-fulfilling under endogenous asset market prices. In

2’The wedge between equilibrium marginal retention costs is related to studies in which incompleteness
of markets or contracts hinders the equalization of economic agents” wealth across states. This large body
of literature includes Caballero and Krishnamurthy (2001, 2003), Lorenzoni (2008), He and Kondor (2016),
and Davila and Korinek (2018).
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equilibrium, L-type originators cease their own production completely and provide in-

termediation services only, which facilitate H-type originators’ originate-to-distribute.?®
As we will see, similar economic forces emerge in Section 3.3 where we formally study

how the informed intermediary sector operates in this economy; note, here L-type origi-

nators essentially serve as informed intermediaries.

3.3.  Equilibrium with Intermediated Originate-to-Distribute

The hypothetically postulated intertype trading in Section 3.2.2 provides useful in-
sights on efficiency restoration with market solutions. In this section, we explore a more
empirically relevant market solution where an informed intermediary sector can buy as-
sets in the signal markets and resell them to the asset market—that is, an intermediated

originate-to-distribute model.

3.3.1.  Properties of intermediated equilibria

We first establish two important lemmas in the intermediated economy, which not
only help simplify the exposition, but also provide useful insights on the structure of
potential intermediated equilibria. First, Lemma 2 generalizes Lemma 1 in the setting of

an intermediated originate-to-distribute economy.

Lemma 2. (No voluntary retention). Both types of originators bring all assets (after trading
in signal markets) to the asset market, so post-trading asset holdings are rg = A(qg — sq) for
6 € {H,L}. When py is small enough (a sufficient condition being p; < %, guaranteed by
assumption (10)), intermediaries also bring all purchased assets to the asset market for sale, i.e.,
ry = /\b[.

The next lemma, which establishes the endogenous closure of the “lemon” signal mar-
ket in our model, is new and is key to the understanding of our paper. In a nutshell, it
shows that the intermediaries’ trading problem can be simplified: it is guaranteed that in
equilibrium intermediaries purchase assets with homogeneous quality x; at a single price
ps (from either one or two signal markets), which they then resell at price p4 in the asset

market.

ZWhenever a type-L originator is still producing (q; > 0), this cleansing process, during which an L-
type originator cuts his own production by § > 0 while purchasing § more from H-type originators, could
. . . . ~d . . . . . . _ _
continue. Given intertype market price p¢ , this deviation strategy yields a marginal gain of A(xy — x1.)d
ﬁfné + k%8, which has to be nonpositive (i.e., ﬁfn — k> A(xg —xr) > 0) in equilibrium. But seeing ﬁfn >k,
those type-H originators would want to produce an infinite amount, which cannot hold in equilibrium.
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Lemma 3. (Endogenous closure of the “lemon” signal market). In the market equilibrium,
when py is small enough (a sufficient condition being p; < Ap, guaranteed by assumption (10)),
the prices in the signal markets satisfy p, > p;, and we have the following properties.

1. Suppose that p, = p;. Both signal markets have positive trading volume with the same
trading price and average quality, i.e., p, = p; = k and x,, = x;;

2. Suppose that py, > p;. Then positive trading could occur in the h signal market, while there
exists no trading in the | signal market, i.e., by = 0 and sy = 0 for 0 € {H,L}.

The first result that homogeneous asset prices imply equal asset quality in signal mar-
kets is straightforward. With positive trading volume in both signal markets, the opti-

mality condition for intermediaries implies that

pn—p1 = AMxn — x1). (25)

To see this, note that assets sold to the asset market via intermediaries—regardless of
their quality type 6 or signal j—share a common balance sheet cost and a common selling
price. Eq. (25) then follows from the fact that the price differential in two signal markets
must compensate for the quality difference due to illiquidity-induced retention. And,
for originators who are active on both signal markets, assets sold in both signal markets
share a common linear production function. Thus when signal market prices are equal,
we must have p;, = p; = k in equilibrium.?’

The second result of no [-market trading is more surprising. Suppose that, counter-
factually, both signal markets have positive trading volume. Now suppose only one type
of originator—say L-type—was selling in the | market, so that x;, > x; and therefore
pr > p;.°0 But the L-types’ optimality condition says that k = (1 —«) p, + ap;, which
implies that the H-type would like to produce strictly more as

Loo= A=®)putap < app+(1-a)p . (26)

production cost

average selling?ervenue of L-type  average selling ;er\/enue of H-type

Intuitively, relative to L-type originators, the H-type have greater advantage in producing
h-signal assets which are sold at a high price; then if L-type originators are indifferent at
producing/selling, it must be that H-type peers find it strictly optimal to produce/sell.

2 This is because the option to either increase or decrease production for an originator who is active in
both signal markets implies that in equilibrium k = apj, + (1 — a)p; or k = (1 — a)pj, + ap;.

30This is a more relevant case; fixing the same I market, H-type originators who can produce good as-
sets should have a lower selling incentive, relative to L-type originators. For an exhaustive analysis of all
possible cases in which both markets have positive trading volume, see Appendix A3.1.
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But this pushes up the input price k, eventually crowding out L-type production, which
contradicts the premise that L-type originators are selling in the / signal market.

Economics of intermediaries’ operation. It is interesting to connect this endogenous
closure of the “lemon” market to the “winner/cherry picking” behavior of headquarters
as highlighted in Stein (1997). From Eq. (25) we have seen that intermediaries” exposure
to asset market illiquidity gives them an incentive to “cherry pick” the signal market with
a higher quality. Then, “cherry picking” by intermediaries, combined with a competitive
input capital market (hence a common marginal cost for all assets), squeezes the [ signal
market out completely in equilibrium.3!

In a broader context, the economics behind the operation of intermediaries in our
model echo insights from the delegated monitoring literature.?? In providing intermedi-
ation services in this originate-to-distribute economy—acquiring originated assets from
signal markets in an informed manner and subsequently reselling them to uninformed
investors—intermediaries face a classic “monitoring the monitor” problem a la Diamond
(1984).3 Just as L-type originators have an incentive to overproduce and sell “lemons,”
informed intermediaries are effectively subject to the same agency problem—as signals
are privately observed only by intermediaries, they have the option on date 1 to purchase
more [ signal assets instead of & signal ones (with the same sale price on date 1).

Nevertheless, in the second case in Lemma 3, informed intermediaries behave in a
self-disciplining manner without purchasing any “lemons” from the signal markets. Un-
like solutions that rely on explicit contracting in the previous literature (e.g., debt contract
in Diamond (1984), claim seniority in Park (2000)), the self-disciplining of the delegated
monitor in our model (i.e., informed intermediaries) arises endogenously as a market out-
come. As discussed above, the common balance sheet on which assets acquired by a in-
termediary from different signal markets are placed,** coupled with a competitive input

capital market, are key to this market-based solution.

311t is worthwhile to compare the “pooled” asset sales through intermediaries to those in the literature. In
contrast to depriving the option of exploiting asset-specific information advantages as in DeMarzo (2005)
or He (2009), pooled asset sales via informed intermediaries in our analysis preserve flexibility in making
signal-specific purchases, which has the benefit of “winner picking” in Stein (1997) in the context of an
internal capital market when corporate headquarters allocate scarce resources to competing projects.

32Important works in this literature include Diamond (1984), Berlin and Loeys (1988), Rajan and Winton
(1995), Park (2000), and Rahman (2012).

3In Diamond (1984), banks as delegated monitors are subject to the same incentive compatibility con-
straints as the entrepreneurs who are to be monitored. For the delegated monitor to conduct monitoring
and report truthfully, the debt contract is shown by Diamond (1984) to be a solution that minimizes the
“delegation cost.”

34This is in sharp contrast to originators, for whom assets with different qualities always sit on different
balance sheets.
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3.3.2. Equilibrium characterization of the intermediated economy

This section provides a full characterization of market equilibria in an intermediated
originate-to-distribute economy. The analysis proceeds as follows: we first present some
preliminary analyses grounded in the equilibrium properties established in Section 3.3.1
and discuss the possible structure of intermediated equilibria (part A), which reveals two
distinct realms into which the market equilibrium in an intermediated economy could

potentially fall; we then analyze these two scenarios separately in part B and part C.

A. Preliminary analysis and structure of intermediated equilibria

Decisions by agents. Consider a 6-type asset originator who produces g9 with agy,qe
(xg1qp) receiving a h (I) signal. Thanks to Lemma 2 and Lemma 3, his optimization prob-
lem given in Eq. (2) can be simplified to:

vg(q9) = max  pssg+(ge —se) [(1—A)pa + Axg] — R(A(q9 —59)) —kqo,  (27)

Sg]'E [O,Dégqu

where s9 = ) ; sg;, with its solution given by
>0, ifps=Axg+ (1—A)pa— AR (A(qe —50));
so(q0) e , (28)
=0, ifps <Axg+ (1 —A)pa— AR (A(gg —sp))-

In words, he sells his eligible assets in the signal market(s) until the marginal value of
selling in the asset market equals the signal market price ps. This originator then produces
until the marginal value of production—a weighted average of p; and the marginal value
of selling (ineligible) assets via the asset market—equals the input capital price.

Moving on to intermediaries, given Lemma 2 and Lemma 3, they solve the following
problem by choosing the quantity of assets b; to purchase in signal markets, all of which
they then optimally bring for sale in the asset market at price pa:

v = rbngg(l — A)paby + Axsbp — Ry (Abr) — psby, (29)
1=

where x; is the (common) equilibrium average asset quality in signal markets. The asso-

ciated optimality condition is:>®

(1—=A)pa+A[xs—R (Abr)] = ps. (30)

$Intermediaries always buy some positive amount (b; > 0) since p4 > k always holds in equilibrium.
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Production wedge Ag. The optimality conditions of originators in (28) imply that the

equilibrium production wedge in an intermediated originate-to-distribute economy is

pX

Ag=qy—qL = ) + SH — SL, , (31)
e signal market induced wedge

asset market induced wedge

which consists of the base wedge % induced by asset market trading as in Eq. (19) plus
the wedge induced by signal market trading sy — s;. As will be clear shortly, the signal
market trading induced production wedge plays a key role in characterizing the interme-

diated equilibrium and the welfare implication of intermediaiton.

Equilibrium prices. First, Lemma 2 implies that all assets produced on date 0—either
by originators directly, or via intermediaries indirectly—will be brought to the asset mar-
ket on date 1. As such, the equilibrium asset market price set by risk neutral investors is
the average quality of the total production in the economy:

_ XHT[qH—l—xL(l—TC)qL . nXqy

= . 32
gy + (1 —7)q gy + (1 —m)q (32)

In the signal market at date 1, the equilibrium trading price ps equalizes the aggregate
purchase from the intermediary sector to the total sale by the originators (i.e., by = 7rsy +

(1 — 7r)sy) and the equilibrium input capital price is similarly determined as in Eq. (9).

Structure of market equilibria. Lemma 3 has important implications for our equilib-
rium construction and characterization in later sections. We show that two distinctive
equilibrium classes, defined based on the structure of signal markets, can emerge given
the same parameterization.® Subsequently we refer to equilibria where only the & sig-
nal market has trading while the / signal market has zero trading volume with (shadow)
prices satisfying pj, > p; as class-I equilibria, and those where both signal markets have
positive trading with p, = p; as class-II equilibria.

Tech-relevance and stability of intermediated equilibria. To organize our subsequent
analysis, it is helpful to highlight several important features of the market equilibrium, in
terms of its dependence on intermediary technology « (“tech-relevance”) and the equilib-

rium stability, before we characterize the equilibrium algebraically

36Lemma 3 seems to suggest that “no-trading in /-market” in case 2) and “equal prices in both markets”
in case 1) belong to the same class of equilibria, with 2) naturally transits from 1) as certain model parameter
varies (say, « increases). This turns out not to be the case.
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First, we will show that for any given p; > 0 both classes of equilibria feature a tech-
relevance cutoff in the technology parameter «, so that when « is below this threshold
equilibrium productions and prices do not vary with a. We call that region tech-irrelevant,
with cut-off technology levels— &; (p;) and &; (p;) for class-I and class-II respectively—to
be characterized for both equilibrium classes. In part B of this section, we show that the
intermediated equilibria in this tech-irrelevant range are essentially unique.>”

Second, unlike in the direct trading economy where illiquid asset market trading guar-
antees the market equilibrium is always stable (see discussions after Proposition 2), per-
fectly liquid trading between originators and intermediaries could potentially render the
market equilibrium in the intermediated economy unstable. In the tech-irrelevant range
the equilibrium is always stable, but this is no longer the case when « lies above a cer-
tain threshold and the economy enters the tech-relevant range. In part C of this section we
show that, unlike class-I equilibria, class-II equilibria with positive trading in both signal
markets are always unstable in the tech-relevant range.

In what follows, we characterize the intermediated equilibrium in the tech-irrelvant
range (part B) and tech-relevant range (part C) respectively. For reasons discussed above,
we focus on class-I equilibria, which are both stable and featuring “endogenous closure”
of the I signal market, in studying an intermediated originate-to-distribute economy.*

B. Intermediated equilibrium in the tech-irrelevant range: o € (%, a1 (pI))

In the range with relatively low intermediary technology «, the & signal market sell-
ing is slack for L-type originators (who have relatively fewer h-signal assets), i.e., s;j, €
[0, (1 —a)qr). As explained shortly, selling from H-type originators (who have a higher
fraction of h-signal assets) must also be slack in the & signal market. In this range of the
intermediated equilibrium, both types of originators are indifferent about taking the last
unit of produced assets for sale in either signal markets at date 3, or in the asset market
at date 1, which implies that for both 6 € {H, L}:

(A=A)pa+Alxg—R (Map—s0))] =pr =k - (33)

production

NV
indifference between two selling options

37That is, despite the distinct classes that the equilibrium might fall into, the equilibrium outcomes (pro-
duction, trading prices of assets, and input capital) are uniquely determined in the tech-irrelevant range in
the intermediated economy for a given pair (py, «).

38In sum, the class-1I equilibria with positive trading volume in both signal markets are identical to class-I
equilibria in the tech-irrelvant range while always unstable in the tech-relevant range.
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Here, the first equality is from choosing between two selling methods while the second is
from originators’ linear production technology.

The perfectly liquid signal market(s) leads to certain equilibrium indeterminancy due
to linearity,39 and we focus on the limiting equilibrium when the signal market illiquidity
€ — 0 following the sequential equilibrium refinement (Kreps and Wilson, 1982; see Sec-
tion 2.1.2). For any arbitrary € > 0 that breaks the linearity, we show that both types of
originators aim to sell the exact same amount of assets in the signal market, independent
of their asset quality xy, i.e., sy = sp. The quadratic functional form of agents’ retention
cost plays a key role in this result. With linear marginal retention cost, the difference in the
marginal value of assets between the two states (successful sales vs. failed sales) depends
solely on the quantity of assets that originators attempt to sell in the signal markets—it is
not affected by the quality of originators’ assets or the quantity of assets they produce.*’

This observation has several implications. First, when & signal market selling is not
binding for either type, equilibrium sales for both assets follow the measures of originator
types; this implies the average quality in & signal markets is x;, = 77X. Second, equal h
signal market selling from both types also implies that if in equilibrium the selling of
L-type originators is slack in the & signal market, then that of the H-type must be slack
too.*! Accordingly, the market clearing condition of L-types’ selling their i-signal asset
determines the cutoff level &1 (pj).

More central to the economic mechanism of tech-driven intermediation, given the
equal selling by both types of originators in signal market, the production wedge stays
constant at Ag = qy — q1 = % (as defined in (19)), just like with no intermediaries (i.e.,
p1 = 0). In this regard, when intermediaries’ technology « is sufficiently low such that the
intermediated equilibrium resides in the tech-irrelevant range, the operation by interme-
diaries provides no disciplining on lemon production in the economy.

With the production wedge identical to that in a direct originate-to-distribute econ-

¥In such equilibrium, the & signal market price (in a class-I equilibrium; pj, = p; if in a class-1I equilib-
rium) equals the input capital price. Both originators thus face a linear problem when their selling in signal
market(s) has yet to bind (which is the case in the tech-irrelevant range), and the inherent indifference al-
lows for any x;, € [0, X] to be supported as equilibrium asset quality in the signal market. Any infinitesimal
chance that trading in the signal market could fail breaks the linearity and eliminates the indeterminancy.

“0With retention cost being quadratic, the marginal value of produced assets is linear in the holding of
assets. As a result, the particular asset quality xy cancels out in the difference between the marginal value of
successful or failed sales; see the proof of Proposition 4. As another feature arising in our linear-quadratic
setting, the difference in marginal values between successful versus failed selling states is also independent
of the equilibrium production quantity, which would otherwise be affected by the asset quality x,.

4170 see this, note that a larger fraction of produced assets are eligible to be sold in the / signal market for
H-type originators as & > 5. Therefore, with a looser eligibility constraint and higher quality of produced
assets, the equilibrium production of H-type originators cannot be lower than that of a L-type one. This
implies sy = sp < (1 —a)qr < aqp.
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omy, in the intermediated equilibrium where both types of originators are slack in selling
their h-signal assets, the total production Q is similarly determined by

(K+ » )Q— X —1 +(1-A)r(1 n)"Xz (34)
p+por) = —=— QA’

~ ~ baseline gain ™ -~ 4
marginal cost incentive due to retention

which differs from the direct economy equilibrium condition (20) only in that the system-

. . . 2 2
wise marginal cost of production now becomes (K + pi p1> Q as opposed to (K + %) Q1
thanks to the extra retention capacity p; brought in by intermediaries. The following

proposition formally characterizes the market equilibrium in the tech-irrelevant range.

Proposition 4. (Technology-irrelevant range). Suppose that o« < &1 (p1). In the unique
(sequential) equilibrium with signal market illiquidity € — 0, both types of originators sell
sg = sp < (1 —a)min{qy, gL} in the signal market. The equilibrium is stable and the equilib-
rium outcomes are independent of the technology parameter w:

Bu —'I_ B% _4AuCu pIQ
= v , S =S§] = ———, 35
Q 24, HESLE (35)
1 A?
x, = 1tX, ph:k:1+KQ,andpA:m K+P+PI Q- AnrX+1 (36)

where A, = K + %, B, = % +AnX —1,and C, = —pK(l_A)A(l_”)XZ. The threshold

&1 (pr) determining technology relevance is given by
22010 !

L il 1 37
> ol mpa—m 7Y [ 7

&1(pr) = max

Note that the tech-irrelevant equilibrium as characterized in Proposition 4 could also
be supported under a class-II equilibrium, where both signal markets have positive trad-
ing volumes. In fact, the intermediated equilibrium is essentially unique in the tech-irrelevant
range; that is, the tech-irrelevant equilibrium constructed under both equilibrium classes
have identical equilibrium outcomes (e.g., total production, asset market and signal mar-
ket prices, allocation of asset retention).42

“The only difference is the corresponding tech-irrelevance cutoff &,(p;), as H-type’s selling in signal
markets also plays a role in determining the cutoff when / signal market has positive trading. Specifically,
at the cutoff & (o), type H (L) originators sell all of their I (1) signal assets and both types sell a total amount
s9 = (1 —a)(qy + qr) in the signal markets. Recall that under class-I equilibrium, the cutoff technology
&1(pr) is determined only by L type originators” binding condition, i.e., sy = (1 — a)qr. This implies that
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C. Intermediated equilibrium in tech-relevant range: « € [&1 (p1),1]

When « surpasses the cutoff &1(p;), the market equilibrium enters into the technol-
ogy relevant range where further changes in intermediaries” technology a« will start to
transmit into equilibrium outcomes. Under the assumption throughout our analysis that
intermediaries’ risk-bearing capacity is small enough, we have the following proposition

characterizing the intermediated equilibrium in this range of the (pj, «) space.

Proposition 5. (Technology-relevant range). When o > &1 (p1), the unique stable (sequential)
class-I equilibrium with signal market illiquidity e — 0 varies with intermediation technology w.
In this equilibrium, type-L originators sell all their h-signal assets, i.e., s = (1 — a)qr, while
type-H originators’ selling is slack, i.e., sy < aqp, in their h signal market trading. Furthermore,
in equilibrium sy > sy, and the asset quality in the h signal market satisfies x;, > 7X. Details
for equilibrium characterization are provided in the Appendix A3.3.

In this range of the intermediated equilibrium, L-type originators face the eligible sell-
ing constraint s; < (1 — a)q in trading with intermediaries, as only a 1 — « fraction of
their produced assets are eligible for sale in signal market(s)—which can only be / sig-
nal market under class-I equilibria. In such equilibria, changes in technology level (say
a higher «) will be transmitted to equilibrium outcomes via affecting the tightness of the
eligibility constraint s; < (1 — a)qy of L-type originators’ selling in h signal market—
information technology now becomes relevant. Proposition 5 establishes a strictly pos-
itive selling wedge sy — s; > 0 in the tech-relevant range; later Proposition 6 further
shows that this wedge increases with «, leading to an widened production wedge Ag in
this economy. We defer further discussions on this important point to Section 4.1, where
we formally investigate the impact of intermediary technology on equilibrium outcomes.

For our later welfare analysis, the following corollary provides the closed form char-

acterization of the equilibrium with perfectly informed intermediation (x = 1).

Corollary 1. (Perfectly informed intermediaries). Suppose « = 1. The intermediated equi-
librium is always in the technology-relevant range (i.e., &1 (p;) < 1). In the unique (sequential)
equilibrium with signal market illiquidity € — 0, only h signal market has positive trading volume

ay(pr) > &1(pr), so that it is harder for the progress in intermediaries technology « to affect equilibrium
outcomes in the class-II equilibria (relative to the class-I equilibria).
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and equilibrium outcomes are as follows:

B;i + /B? — 4A;C;

_ _ Xp
Q= A, , sy = by = o ( > (38)
AX(p7t +pr)
x, = X, =k=1+«xQ, and = [( ) - +1, (39
h P Q pa = o+ or o1 T p (39)
22 preX+prX — _ (=M)xp(1—m) (pre+p) X2
where A; _K+p1+p B; —pI—erI 1,and C; = — TEDR L

In this extreme case with perfectly informed intermediaries, only H-type assets will be
traded in the signal markets—so intermediaries “commit to” not purchasing any lemons
produced in the economy (i.e., type L selling sy = 0). The disciplining by perfectly in-
formed intermediaries effectively increases the equilibrium production wedge by sy =
by/m > 0. Section 4.2 further analyzes this originate-to-distribute equilibrium with per-

fectly informed intermediation, where an economic efficiency gain is demonstrated.

Remark: Instability of class-II equilibria. While our characterization of the interme-
diated economy in the tech-relevant range only focuses on class-I equilibria, it can be
shown that class-II equilibria are always unstable in this range. To see this, note in the
tech-relevant range type-L (-H) originators are binding in selling their & (I) signal assets.
Suppose h signal market price pj; deviates from its equilibrium level p;, positively by
6 > 0,1ie., P, = py + 6, while all other prices are fixed at the equilibrium levels. All
type-H originators will then respond by moving part (or all) of their selling in / signal
market (which was binding at (1 — «)qp) to sell in & signal market instead. In contrast,
type-L originators cannot respond (although they wish to) because their selling in & sig-
nal market has already been binding. Critically, any infinitesimal deviation § > 0 induces
an upward jump in H-type’s selling of their h signal assets, given the linearity in their
optimization regarding selling allocation across the two signal markets.*?

The originators’ selling strategy in signal markets affects how intermediaries perceive
the quality of assets sold in the two signal markets. Importantly, given the discrete jump
in H-type’s response discussed above, intermediaries” perception of asset quality ¥; in
signal markets with the same prices p;, = p; is guaranteed to satisfy &, — % > 6 =
(pn + 6) — p; for sufficiently small 6 > 0. Consequently, intermediaries will respond by
only purchasing assets from the & signal market. This leads to a substantial increase in

“In contrast, such an upward discrete jump in H-type’s selling in the & signal market following an in-
finitesimal positive price deviation will not occur in class-I equilibria, where the trading volume in [ signal
market is zero. In such cases, there will not be reallocation among signal markets and any production by
originators will create a positive amount of ineligible assets that can only be sold in the asset market.
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intermediaries” demand for / signal assets and hence a positive excess demand for assets

sold in & signal market, rendering the equilibrium unstable.

4. Economic Implications of Tech-Driven Intermediation

Focusing on the role played by intermediation technology «, we discuss the key eco-
nomics behind intermediation’s operation intermediation in our originate-to-distribute
economy. In what follows, our analysis focuses on class-I equilibria with endogenously

closed I signal market for reasons discussed in Section 3.3.2.

4.1. Positive Analysis of Intermediation Technology o

We start with a set of comparative statics analyses—with regard to the intermediation
technology a—on the equilibrium outcomes characterized in Section 3.3.2. As shown in
Figure 4(a), intermediation technology « has no impact on equilibrium outcomes until it
exceeds the threshold &; (pr) at which point the economy enters the tech-relevant range.
There, further improvement in « starts to generate a “cleansing effect”—as a ascends,
L-type originators’ production shrinks while H-type originators” expands. As discussed
in Part C in Section 3.3.2, this cleansing effect arises due to a tightened eligible selling
constraint on L-type originators’ signaling market trading (i.e., s; < (1 — a)qy), without
any (or, if any, in fact a loosening) effect on H-type’s selling sy in h signal market.

This asymmetric impact of technology progress on two types’ selling sq in 1 signal
market immediately implies an enlarged production wedge Ag in the economy; recall
that by Proposition 5, sy > s; (and hence Ag > %, which is the wedge in the tech-
irrelevant range) in the tech-relevant range. The enlarged production wedge also brings
up the average asset market quality and total production in the economy, translating into
higher equilibrium prices as shown in Figure 4(b).

Regarding the type-dependent production levels, note that improved asset quality in
the signal market encourages more purchases by intermediaries, which boosts production
from both types of originators. Taken together, as a increases, the loosened eligible selling
constraint effect and the elevated intermediary demand effect work in the same direction
for H-type originators, who therefore expand their production g5 unambiguously. For L-
type originators, however, these two forces are opposed, but the tightened eligible selling
constraint dominates so g; goes down with «, as shown in Figure 4(a).

The comparative statics results on & shown in Figure 4 are robust to all the parame-

terizations we have tried. In fact, we can formally prove the following proposition that
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Fig. 4. Intermediated equilibrium outcomes as functions of «
Market equilibrium outcomes in an intermediated economy as functions of intermediation technology «.
Panel 4(a) plots the equilibrium asset production gy; Panel 4(b) plots the asset quality in signal market
(xy) and equilibrium prices (p4 and k). In both panels, the cutoff &;(p;) determining the relevance of
intermediary’s technology are highlighted. Parameterization: 7 = 0.55, X =3, A = 04, p = 0.5, p; = 0.1
and x = 0.05.

states these results in the vicinity around the direct economy (where p; = 0) and under a
mild condition regarding the corresponding equilibrium production Q.

Proposition 6. (Comparative statics of a). Focus on the tech-relevant range « > &1(p;y). Con-
sider infinitesimal intermediation capacity p; > 0, and suppose that the direct economy production

in (22) satisfies Q% > max {1, %} As intermediaries’ technology level o improves,

1. in the h signal market, originators’ selling wedge widens, i.e., % > 0, asset quality

increases, i.e., ‘—% > 0, and intermediaries increase their asset purchase, i.e., % > 0;
.. , . . .. , . . aqH
2. éi—type originators” production expands while L type orzgaznators shrinks, i.e., 5.+ > 0and
qL T o o P4 S ().
oo < 0, which implies asset market price improves, i.e., 52 > 0;

3. the total production of assets and input capital price increase, i.e., %—g > 0 and 3—§ > 0.

4.2.  Normative Analysis of Intermediation Technology «

We now formally establish the welfare implications of intermediation in this economy
of asset origination and distribution. Our main interest is on the intermediation technol-
ogy «. We focus on two “corners” of the intermediated equilibria—one with relatively un-
informed intermediation in the tech-irrelevant range (Proposition 4), and the other with
perfectly informed intermediation with @ = 1, a special case of the tech-relevant economy
(Corollary 1).
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Welfare function and key results. To compare Proposition 4 or Corollary 1 for an in-
termediated originate-to-distribute economy (with p; > 0) to Proposition 2 for a di-
rect trading economy (with p; = 0), we define the (ex ante) payoff to an originator as
vo = noyg(qy) + (1 — m)vr(gr), with ve(ge) given by Eq. (27) and evaluated at the equi-
librium production levels gy. Further, define the social welfare in an intermediated econ-

omy, which is indexed by the intermediary sector’s risk-bearing capacity pj, as

w(pr) = vo + v1 + vk, (40)

where v; is the equilibrium payoff to an intermediary in Eq. (29) and vx = kQ — K(Q) is
the equilibrium profit by input capital producers.** Accordingly, the social welfare in a

benchmark direct trading economy without intermediaries is
w(pr =0) = w' = v + v%. (41)

We have the following proposition.
Proposition 7. We have the following two welfare results on tech-driven intermediation.

1. (Potential) Welfare impairment by less informed intermediation. In the tech-irrelevant
range &« < &1 (pr) , which includes the uninformed case x = %, the social surplus in an in-
termediated economy is below that in a direct trading economy, i.e., w(p;) < w?, if and
only if X < 1.

2. Welfare improvement by perfectly informed intermediation. Suppose « = 1. The
social surplus is always higher in an intermediated economy than that in a direct trading

economy, i.e., w(p) > w?, for any p; > 0.

As explained in Sections 2.3 and 3.2.1, the welfare in this economy hinges on two key
factors: i) whether production is mostly conducted by H-type originators (production
efficiency), and ii) how assets retained due to market illiquidity are allocated (allocative
efficiency). Intermediation performed by uninformed or informed agents impacts welfare

depending on how it affects efficiency in these two respects.

(Potential) welfare impairment by uninformed intermediation. In the case of unin-
formed intermediation (part 1 of Proposition 7), in Appendix A4.2 we show that social

#0ne could think of all agents (i.e., originators, intermediaries and capital producers) in the model as
firms in an economy, so that maximization of social welfare requires maximizing the total firm profits,
which are w(p;) as defined in Eq. (40).
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surplus attained by the intermediated economy in the tech-irrelevant range is

_ A’ Q* 2 _ Q p—mmy,

quantity-based social gain quality-based social gain baseline gain incentive gain

NI

J/

| ~

where the second equality is based on the equilibrium condition Eq. (34). The welfare
expressions given by Eq. (42), which only involve the endogenous total production Q
and other exogenous parameters, are strikingly simple; in the second expression, we see
that p affects welfare w only through the endogenous total production Q.

To understand (42), the welfare in this economy consists of a production quantity-based
component that stems from quadratic costs in capital adjustment and holding retention
(which thus implies an equilibrium profit that is quadratic in optimal production or re-
tention volume), and a production quality-based component from disciplining lemon pro-
duction. Our analysis reveals that when intermediation is relatively less informed, the
equilibrium relation between production scale Q and production quality p4 leads to a

p(lg—f)ﬂXz from retention based incentives, together with a linear

contribution from production (77X — 1)% as the baseline gain (see detailed derivation in

constant social gain

Appendix A4.2). Therefore, the welfare impact of allowing uninformed intermediaries to
operate—which effectively increases intermediaries’ retention capacity p; from zero (as
in a direct trading economy) to positive and hence leads to more production Q—simply
hinges on whether the average return without contingent production, 77X, exceeds 1.
Economically, introducing uninformed intermediation has a mixed effect on economic
efficiencies: while ex post homogeneous asset retention by intermediaries improves the
(allocative) distribution efficiency, it entails lowering the production efficiency in the
economy. Specifically, the operation of uninformed intermediaries fosters an / signal mar-
ket where both types of asset originators sell the exact same quantity of their produced
assets, which in turn hurts production efficiency as asset production in the economy is
effectively made to be less state/type contingent. In our model, uninformed interme-
diaries later bring these relatively low-quality assets purchased in the signal markets to
sell in the asset market, which effectively weakens the disciplining and brings down the

equilibrium trading price in the asset market.

Welfare improvement by informed intermediation. In the technology-relevant range
with « > &7 (py), informed intermediation in general brings about welfare improvement,
with the sharpest result for perfectly informed intermediaries (part 2 of Proposition 7).
When « = 1, no low-quality assets receive the h signal, implying no lemons being brought
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to the signal market since the I signal market endogenously closes. More importantly, in-

s

termediaries” “voluntarily committing” to only purchasing assets from the & signal mar-
ket helps achieve a socially efficient cleansing in asset production and hence effectively
facilitates the state/type contingency of asset production in the economy. As such, per-
fectly informed intermediation always improves social welfare by not only smoothing
the distribution of asset retention, but also facilitating more efficient utilization of input
capital in asset production.

One can also understand the welfare implications of perfectly informed intermedia-
tion (¢« = 1) by comparing it to the direct originate-to-distribute economy with a hypo-
thetical intertype market, where L-type originators (like perfectly informed intermedi-
aries) purchase assets from the H-type and then resell them in the asset market (Section
3.2.2). Resembling the full efficiency restoration in this fictitious economy (Proposition
3), perfectly informed intermediaries ensure that only H-type assets are traded in the sig-
nal market (and resold in the asset market), pushing the economy towards constrained
efficiency. Nevertheless, such efficiency improvement limited as L-type originators still
make positive production (as opposed to ceasing production completely under a friction-

less intertype market).

5. Model Extensions and Discussions

By studying several extensions of our model, this section discusses the robustness of

the results and messages delivered by our analysis under alternative model specifications.

5.1. Endogenizing llliquidity A in a Directed Search Framework

This section provides a microfoundation for the key exogenous parameter in our analysis—
the minimum retention ratio or the market illiquidity A. Specifically, we follow the di-
rected search framework developed in Guerrieri and Shimer (2014) to derive a positive
probability of failed trading endogenously. For illustration purposes, our analysis focuses
on the direct trading economy as in Section 3.1.

Consider the direct trading economy, but the unit measure of risk neutral investors are
with endowment e and reservation return of 1.*> Two asset markets m € {#, L} could

“SWe fix both endowment and reservation return exogenously, which can be endogenously determined
by condition 1 = Fi (W — e) where Fg(-) stands for the concave payoff from the outside investment oppor-
tunity and W is exogenous total wealth. And, the quadratic retention cost in our model, which is absent in
Guerrieri and Shimer (2014), makes it possible that in equilibrium both types of originators are indifferent
between the two asset markets. In Guerrieri and Shimer (2014), at most one type of seller can be indifferent
between selling across different markets.
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potentially exist in equilibrium, each captured by the trading price p,, and illiquidity
(one minus buyer-seller ratio) A,;. As in Guerrieri and Shimer (2014) where high-quality
assets are taken to the illiquid market for signaling purposes, we focus on equilibria where
exactly one of the two markets is perfectly liquid, i.e., Ay = 0 while Ay > 0. It can be
shown that the illiquid H market, which corresponds to the asset market in our main
model specification (with exogenous A), always exists in equilibrium.*®

A f-type originator optimally chooses the amount of produced assets sg,, taken to asset
market m for sale, taking as given {pm, A} in both markets. In equilibrium, originators
are indifferent between taking the last unit of their produced assets to either market (if
both markets have positive trading volume), based on a trade-off of selling pricing against
trading illiquidity a la Guerrieri and Shimer (2014). The average quality of assets trading

in market m is thus

20 XgTT9Sgm

Xy = , (43)
" Y0 TToSom

and risk-neutral investors with unity reservation return set the asset price p,, = x.

In any market, whenever the total value of assets brought in by sellers exceeds the
endowment buyers bring to the market, sellers are rationed to clear the market so that the
probability of selling orders being executed equals

. bm
®; = min {—Pm S Toson” 1} , (44)
where by, € [0, ¢] is the total endowment brought by buyers to market m. Intuitively, from
the perspective of sellers, market liquidity is reflected by the equilibrium buyer-seller
ratio (if less than one). Connecting back to our setting, A,;, which is the illiquidity of
market m, is defined as 1 — ©,;; the higher the equilibrium buyer-seller ratio, the greater
the chance that sell orders get executed, the lower the illiquidity. The above rationing rule
in (44) also implies the market clearing condition:

2(1 — Am)Pm Z TT9Som = Z b = e . (45)
m 2 m

—— N——
aggregate sale in market m  aggregate buying order in both markets

Similar to our analysis of the intermediated equilibrium in Section 3.3.2, potential

equilibrium indeterminancy arises when both originators have access to trading in a per-

46The liquid asset market £ with A, = 0 might have zero trading in equilibrium under certain parame-
terizations; see details in Appendix A5.1.
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fectly liquid asset market. As with our analysis there, we adopt the exact same sequential
equilibrium refinement by introducing a sequence of equilibria such that asset trading in
the liquid £ market fails with probability v > 0 (where v — 0). Analogously, under this
sequential equilibrium refinement, the equilibrium average quality of assets trading in
the perfectly liquid market is x; = 7X.

One can follow Guerrieri and Shimer (2014) to uniquely determine the equilibrium
with directed search, which consists of endogneous asset market price and illiquidity
{Am, P} me (#,c) and other equilibrium outcomes (e.g., production 7y, asset selling sg;,).
For details, see Appendix A5.1.

5.2.  Observable Seller Identity

Our analysis thus far has assumed away the observability of sellers” occupation identity—
i.e., asset originators or intermediaries—to outside buyers in the asset market; therefore
assets sold by originators or intermediaries are pooled together as described by Eq. (7).’

We now extend the analysis to a generalized setting where investors in the asset mar-
ket can (imperfectly) observe seller identity and thus potentially separately price assets
sold by originators or intermediaries respectively. Specifically, after intermediaries make
their asset purchasing decisions (at date %), we assume that each individual intermediary
is subject to an idiosyncratic “identity observability” shock in her date 1 trading in the
asset market: with probability z her selling is executed at an “intermediary” asset market
price pl, > 0, while with probability 1 — z € [0, 1] her selling is executed at same pooling
price p4 > 0 as that of originators. Our baseline model maps into the case with z = 0;
detailed analysis for general z is in Appendix A5.2.

The pricing specification in the asset market affects how the economic surplus gets
allocated between originators and intermediaries. With a single prevailing asset trading
price, intermediaries” technology « (which determines the quality of their purchased as-
sets) can affect the originators’ equilibrium payoff via the selling price that commonly ap-
plies to both agents. More specifically, intermediation activities performed by relatively
uninformed intermediaries hurt the originators’ surplus via a lowered asset market price,
while sufficiently informed intermediation generates a positive (pecuniary) externality
benefiting originators. In contrast, these spillover effects on originators’ selling price are
absent if investors can perfectly separately price the assets sold by intermediaries (z = 1).

470One could also interpret this pooled asset selling price for originators and intermediaries by linking to
the direct trading economy intertype market as characterized in Section3.2.2. There L-type originators are
effectively performing the role of intermediaries but always sell assets at the same price as H-type ones in
the asset market.
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Interestingly, as shown in the next proposition (focusing on the other corner case with
z = 1), unlike in our benchmark analysis (z = 0), less informed intermediation can never
hurt social welfare when seller identity is perfectly observable in asset market trading. In-
tuitively, the observability of sellers” occupations provides a natural disciplining on inter-
mediaries’ trading when their purchased assets are relatively low quality (which occurs
when « is low). In fact, it can be shown that with sellers” occupation identity observable in
the asset market, in the tech-irrelevant range, intermediaries will not make any purchase
from signal market(s) if the lemons problem in the economy is sufficiently severe such
that 7X < 1. In this case, no gain is generated from trading between originators and in-
termediaries as assets purchased by intermediaries have a value of 77X (which is the equi-
librium originator’s selling price in the asset market), while a cost of k > 1 for originators
to produce. In contrast, with a pooling asset market price as in our main model, less in-
formed intermediaries will always actively acquire assets and then sell, which could hurt
social welfare when X < 1 (Proposition 7).48

Proposition 8. (Welfare impact of intermediation with observable occupation identity).
When z = 1 so that asset sales by originators and intermediaries in the asset market are executed
at perfectly separated prices, intermediaries” operation always (weakly) improves social welfare,
ie., w(pr) > w? for p; > 0.

As a policy implication, this result thus suggests more transparent seller identity dis-
closure when intermediaries” information technology is not sufficiently developed.

5.3. Indivisible Trading in Asset Market

Market illiquidity in our analysis thus far amounts to a “partial retention” in which
any arbitrary amount g of assets brought to the market for sale ends up with Ag post-
trading retention. While this specification of market illiquidity is suitable for modeling
the trading of financial assets, it is less appealing for the application of real goods/assets.

In an alternative setting of indivisible assets, market illiquidity is captured by a posi-
tive probability A of an asset sale failing to be executed, in which case the seller bears the
additional retention cost applied to the entire amount of assets he brings to the market.
All of our analyses stay qualitatively robust (see Appendix A5.3). Intuitively, under indi-
visible asset trading, each sellers” exposure to market illiquidity effectively increases due
to the convex retention cost; this leads to a stronger disciplining than can be supported
under divisible trading. One should thus expect the importance of intermediation (and

#8Being able to pool with originators, the selling price of the intermediaries’ purchased assets is p4 > k,
so a gain from “intermediation” always exists.
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its technology level «) to be dampened when assets are less divisible, due to a diminished
disciplining value of informed intermediation when originators are already effectively

disciplined (by market illiquidity itself).

6. Conclusion

Development of information technology in recent decades has greatly reshaped the
way economic activities and financial transactions are carried out in the economy. Among
others, the “recommerce” of a wide variety of “goods” ranging from financial assets (e.g.,
asset-backed securities) to real goods (e.g., clothing, vehicles, luxury items) has been dras-
tically expanding, behind which the operation of intermediaries as “middlemen” plays a
critical role. This paper focuses on an important representation of these growing “recom-
merce” practices in the economy—the fast expansion of intermediation services in the
traditional originate-to-distribute models operated by the banking sector. Our analysis
provides a novel understanding of the economics beneath such intermediation in the
origination and distribution processes of assets subject to the lemons problem.

Adopting a market equilibrium approach, our model highlights the operation of in-
termediaries as a market solution to economic inefficiencies identified in the originate-
to-distribute process. Allowing intermediaries to operate has a mixed social welfare ef-
fect: while uninformed intermediation can potentially impair social surplus by weak-
ening market illiquidity’s disciplining effect, with a common balance sheet, sufficiently
informed intermediaries are induced to “cherry pick” in their asset trading, effectively
rendering them incentive-compatible delegated monitors who improve social surplus.

Our analysis of the intermediated economy contributes to a better understanding of
the social value and welfare implications of the ever-growing financial expertise repre-
sented by intermediation activities (among others), an issue of significant policy and reg-
ulatory importance also studied in recent work such as Kurlat (2019). Further, our paper
also sheds light on how asset trading may endogenously evolve as technology progresses
in the economy—transactions previously reliant on direct disciplining from trading coun-
terparties (e.g., via OTC-based trading) could now be implemented in a Walrasian man-
ner, thanks to the operation of informed intermediaries.

Finally, although our model is motivated by the banking sector’s originate-to-distribute
model with underlying assets being typically loans or financial claims, the framework can

speak to the more general “recommerce” practice involving real goods transactions.*’

“1In these “recommerce” practices, important technology-based real goods middlemen include second-
hand car retailers (e.g., Carmax and TrueCar), second-hand luxury goods (e.g., TheRealReal and Fashion-
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Like financial intermediaries in our model, the middlemen in these real goods “recom-
merce” practice often rely on cutting-edge information technology to authenticate and
screen the quality of goods purchased from original owners, and our model helps under-

stand the economics behind these businesses.
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Internet Appendix

Al. Proofs and Calculations for Constrained Efficient Allocation

This section provides algebraic proof and detailed calculations for the analysis of a
planner’s constrained efficient allocation.

Proof of Proposition 1

In this proof, we prove the Proposition 1 which characterizes the constrained efficient
allocation as defined in Definition 2.

To show that in the planner’s constrained efficient allocation only H-type assets are
produced, suppose instead g7 > 0 in the planner’s solution to Eq. (11). Now consider the
following deviation: §; = g — 6 and §y = q}; + =25, where § > 0 is infinitesimal such
that §; > 0. Following this deviation, it can be seen that the quantity of total production
Q = Yy pqp is held constant. As such, the production cost of input capital K(Q) is
unaffected while the original allocation of asset retention {r,#!} is still feasible with the
new production scheme.

Therefore following the deviation as described above, the minimum retention con-
straint still holds under original allocation of asset retention and the social surplus as
defined in Eq. (11) is increased by

AS = mtxy (1_7”) 5—(1—m)xrd = (1— 7)X6 > 0

It thus follows that in planner’s constrained efficient allocation, L-type originators should
not produce any thing. Further, the convexity in retention cost function R(-) implies that
the post-trading allocation of asset retention must be equalized across the balance sheets
of all agents. This implies that in the planner’s constrained efficient allocation,

rg =rl =1Q* (A1)

for 0 € {H, L}, where Q* = 7qj, is the total quantity of assets produced (all of which are
H-type ones) and is determined by equation

xp = K'(Q) + AR'(AQ). (A2)

From Eq. (A.2) it can be seen that aggregate production quantity Q* implied by the plan-
ner’s constrained efficient allocation does not depend on 7 or x;. B
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A2. Proofs and Calculations for Direct Trading Economy
A2.1. Characterization of the benchmark direct trading economy

This section provides algebraic proofs and detailed calculations for our analysis of the
benchmark direct trading economy (Section 3.1).

Proof of Lemma 1

In this proof, we show that equilibrium trading prices satisfy p% — k% > 0 and both
types of asset originators bring all produced assets to the asset market for sale.

First, if p% < k%, it then immediately follows that L-type originators must be not
producing anything in equilibrium (as k¥ > p% > x;, so marginal benefit of L-types
production is no higher than k). Therefore p, = xy given no lemons are being produced
or traded in the economy. But this implies that k¥ > xp, which hence leads to H-type
originator to be also not producing anything in equilibrium. Contradiction.

Next, suppose in equilibrium a H-type originator is not taking all his produced assets
to the asset market for sale. Note we focus on H-type originators as they have stronger
incentives to keep assets from taking to the asset market, if any, than their L-type coun-
terparts. Consider the following deviation strategy for this H-type originator: increasing
the amount of assets brought to the asset market by an arbitrarily small positive § > 0,
while increasing the production by (1 — A)d and then hold these newly produced assets.
Following this deviation, the change in the post-trading retention is

1-A) — (1—A) =0.
—— ~———
new production  increased sale

Therefore, following the above deviation the payoff change is

A(0) = (1= A)a(ph —xp) + (1= M)d(xp —k*) = (1= A)é(p% — k7).

- /

~"~ ~~

increased sale new production
By definition, A(6) < 0, which thus implies p% < k?. But this implies L-type originators

are not producing as discussed above. This in turn leads to the no production of H-type,
which hence gives rise to a contradiction. ll

Proof of Proposition 2

In this proof, we provide detailed calculations for the characterization of market equi-
librium in a direct trading economy.

To begin with, first consider the case with pure lemon trading. Suppose in equilibrium
only L-type assets are traded in the asset market, it then follows that p% = x;. But since
market illiquidity A > 0, it must be that k% < x; so that L-type originators are producing
(and hence trading) in equilibrium. But at this equilibrium input capital price, it can be
shown that H-type originators are able to make strictly positive profit by deviating to

45



simultaneously produce and bring to asset market for sale infinitesimal more amount of
assets at certain properly chosen ratio.

To see this, note that with equilibrium p¥% = x; = 0, if in equilibrium a H-type origina-
tor produces g4, then it must be that R’(¢9,) < xy — p* since he is not bringing anything
to the asset market. With k4 < p%, a type H originator must be producing positive g and
if in equilibrium he does not sell anything in the asset market, he can always be better
off by making the following deviation: bring J units of already produced assets for sale
in the asset market and produce (1 — A)J units of new assets which he holds by himself.
Following this strategy, the H-type originator’s post-trading retention is held fixed and
the payoff change is: (1 — A)8(p% — k%) > 0. Hence in equilibrium H-type originator
must also sell in the asset market. This contradiction rules out the possibility of a pure
“lemon” trading equilibrium.

Next, consider the other corner case with p% = xg = X, we show that a market
equilibrium with no lemon trading can be sustained if and only if 25~ X 1< 5+ A To see
this, note that in such a no “lemon” trading equilibrium a L-type asset or1g1nator would
like to produce a bit (and tries to sell) if and only if (1 — A)p% > k%, thanks to the Inada
condition (lim,_,o+ R’(x) = 0). When p% = X, this condition corresponds to

(1-A)X>K (Q), (A.3)

where Q solves X = K’ (Q) + AR’ (£> and with K(Q) = Q + 5Q? this condition can

be rewrltten as 51 > 2% + A. When this condition holds, the market equilibrium in

which p% = xp cannot be sustained as L-type would always want to bring in positive
amount of lemons, which then drives the equilibrium price p below xy. In such a corner
equilibrium with no lemon production and trading, asset market price is p4 = X and

equilibrium capital price is k = K'(Q) where Q is as defined above. Combined with
Ko X+A?

H-type’s optimality condition X — AR'(Aqy) = k%, we obtain k4 = x> land
(X=1)
1H = K7T0+A2 > 0.
Finally, when %1 > & + A, as discussed above, the market equilibrium in a direct

trading economy 1s an 1nter10r one and is determined by Eq. (20). In this case, the unique
positive solution of equilibrium capital price Q“ is given by Eq. (22). Furthermore, com-
bining originators” optimality condition Eq. (16) with the equilibrium capital price Eq.
(9), we get equilibrium asset market price p* as an affine function of k%, i.e., Eq. (23). By
Eq. (20), it follows that

A%\
K+ — ) Q" >nX—1.
0
Thus from Eq. (23) it follows that

a1 K—I—A—Z Q! —AnX +1| > nX
PA_l—)\ 0
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k-1
K

Lastly, to show that g4 = — 2= X >0, itis equivalent to show that A(k% — 1) > xprX.

Rewrite Eq. (20) as

ko(1—A)(1 — 1) x>

=T (A4)

1 A ; B
(XJrE)/\(k —1)+1-7X=

Note that the LHS of the above equation is increasing in A(k% — 1) while the RHS is de-
creasing in A (k% — 1). Thus we just need to show

ko(1—A)(1 — 1) X?
9

1 A
(—+—)Kp7TX+1—7TX<
oK

< , (A.5)

which can be reduced to K‘mx +AX+1-nX<(1-A)(1-nm)Xor Xt >+ A W

A2.2. Characterization of Direct Trading economy with Intertype Trading

In this part, we provide detailed calculations for the characterization of the market
equilibrium arising in a direct trading economy with (hypothetically introduced) fric-
tionless inter-type trading between originators. Importantly, we show that the equilib-
rium outcomes in such a direct trading economy with inter-type trading coincide with
the constrained efficient allocation, as stated in Proposition 3.

Market equilibrium in a direct trading economy with inter-type market

Recall that in the market equilibrium with direct trading as characterization in Propo-
sition 2, type H originators are retaining more assets and hence are incuring a higher
marginal retention cost in equilibrium. As such, in what follows, we conjecture and ver-
ify that H-type originators offload some of their produced assets to L-type ones at certain
market price p;, in the inter-type trading market. As in Lemma 1, it can be similarly
shown that after trading in the inter-type market both originators will bring all remain-
ing assets for sale in the asset market, in which the trading price is p%.

As such, a type-H originator in this economy solves

g R Pty + ) (af —st) + (=294 (af —sty) — R (2 (afy —sh) ) — R4,
(A.6)

in which he decides the production quantity 4%, on date 0 and the selling 3%, in the inter-
type market on date %, and then brings remaining assets to the asset market for sale on
date 1. Similarly, a L-type originator in this economy, who purchase good assets from the
H-type in the inter-type market and resell them in the asset market, solves

~

L xuAb +xiAg] + (1= A) @ +B)ph — R (AE] +at)) — pabf — 5 (A7)

in choosing his optimal production and trading strategy. Likewise, a L-type originator
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chooses his production 4§ and purchasing Bf from the inter-type trading market, both of
which he then brings to the asset market for sale.

As in Section 3.1, the equilibrium asset market price, p%, are competitively set by risk-
neutral investors as the average quality of assets sold in the market:

, (A.8)

y [t =)+ = ] v+ (1= m)ax
{
(4,

(@ — sf) + (1= mbg | + (1 - m)a

where 7t(44; — §%,) + (1 — 7r)b4 is the total quantity of type-H assets brought to the asset
market and (1 — 77)44 is the total quantity of the type-L assets.

In the inter-type trading market, the equilibrium trading prices p" clears the market
by equating the aggregate demand with the aggregate supply:

st = (1 — )by, (A.9)

Finally, the equilibrium input capital price is determined as in Equation (9).
Formally, the market equilibrium in a direct trading economy with frictionless inter-
type market can be defined as follows.

Definition 3. Direct trading equilibrium with inter-type market

In a direct trading economy with frzctzonless ex-post inter-type trading, a market equzlzbrmm is
consisted of equilibrium prices {p*, Pin, k4, the asset origination and trading strategy {48,384, L}ge (H,L}
by originators satisfying

1. Agents optimization: Given equilibrium prices {p%, pin, K7}, {4%, 8%} solves Eq. (A.6)
and {49,049} solves Eq. (A.7);

2. Bayesian consistency: Given equilibrium strategies {qg, §?{, B‘Z}Ge (H,L), asset market
trading price p% satisfies Bayesian updating rule as in Eq. (A.8);

3. Market clearing: p;, clears the inter-type market as in Eq. (A.9) and k% is the input capital
price as in Eq. (9).

Proof of Proposition 3

We now show that in an economy with p; = 0, introducing a frictionless inter-type
market into a direct trading economy on date 1 can fully restore efficiency by achieving
the constrained efficient allocation as characterized in Proposition 1.

First we show that no “lemon” will be produced in the market equilibrium in a direct
trading economy with frictionless inter-type trading. Suppose in equilibrium an L-type
originator is producing positive amount of assets, i.e.,, #% > 0. Consider the following
deviation strategy for this L-type originator: decreasing his own production by an arbi-
trarily small amount § > 0 and increasing his purchasing from the inter-type market by
0, which he then brings to the asset market for sale. Following this deviation strategy, the
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payoff change to this L-type originator is

A@) =Ko —pud+  Mxm-—x)s (A.10)
saved cost quality change of retained assets

since the post-trading retention is held fixed following this deviation strategy. In equilib-
rium the payoff change A(J) cannot be strictly positive, which thus implies

Pin — k> A(xp — x1) > 0. (A11)

However, with equilibrium prices satisfying p;, > k% each H-type originator would want
to keep producing and selling in the inter-type market. Therefore, in equilibrium no
“lemons” are being produced in the economy, i.e., 44 = 0.

In equilibrium, an L-type originator must be indifferent to purchase a marginal unit of
asset from the inter-type market and then brings to the asset market for sale. This implies

Axy + (1= A)ph — AR’ (Aiof) = 0. (A.12)

Similarly, an H-type originator must be indifferent to produce a marginal unit of assets,
which he then brings to either the inter-type market or the asset market. This implies

pin — K1 =0, and Axp + (1 A)ph — AR’ (A3 —sk)) = 0 (A.13)
Combine Eq. (A.12) and Eq. (A.13), we get
a — 88 = bf. (A.14)

That is, in equilibrium the post-trading retention are equalized across both types of origi-
nators. As such, with no “lemon” production and equalized post-trading asset retention—
the two conditions that guarantee the constrained efficient allocation as identified in
Proposition 1, it thus follows that (constrained) efficiency is fully restored in a direct trad-
ing economy with frictionless inter-type trading. B

A3. Proofs and Calculations for Intermediated Equilibrium

This section provides algebraic proofs and detailed calculations for our analysis of the
intermediated equilibrium (Section 3.3).

A3.1. Two properties of the intermediated equilibrium (Lemma 2 and Lemma 3)

Proof of no voluntary retention (Lemma 2)

In this proof, we show that in the market equilibrium that arises in an intermediated
economy, it must be true that all originators are bringing all their produced assets (or re-
maining ones after trading in the signal markets on date %) to the asset market for sale on
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date 1, and when intermediaries’ retention capacity p; is sufficiently small, all intermedi-
aries also bring all purchased assets to the asset market for sale.

Suppose in equilibrium after trading in the signal market, H-type originators are keep-
ing a positive quantity of produced assets from bringing to the asset market for sale on
date 1. This implies that the equilibrium post-trading retention for a H-type originator
ra > A(qu — sp). Without loss of generality, assume type H trade positive volume in &
signal market and p;, > p;.

Case 1: p;, < pa

In the first case, the equilibrium trading price in the & signal market is no greater
than that in the asset market. Now consider the following deviation strategy by a H-type
originator:

1. increase selling to the asset market by an arbitrarily small amount § > 0 (feasible
whenever the originator is keeping a positive quantity from bringing to the asset
market for sale);

2. increase the asset production by (1 — A)d and keep these newly produced assets.

Following the deviation strategy as described above, the change in the post-trading re-
tention of the H-type originator is:

Arg=—(1-A)04+(1-A)0 =0, (A.15)
and hence the payoff change following the strategy is:
AwH = pA(l - )L)5 - xH(l - /\)5+ (1 - /\)5(.XH - k) = (1 - )\)5({)14 — k)

By definition, in equilibrium the above payoff change cannot be positive, this implies
pa < k. Butsince p;, < p4, it thus follows that p;, < k.

However, when both p;, and p4 are no greater than k, L-type originators will not be
producing in the economy. This means that there will be no lemon in the asset market and
hence ps = xy. But when k > p4 = xg, H-type originators will also not be producing.

Case 2: pj, > pa
In the second case, trading price in the & signal market is strictly higher than that in
the asset market. Now consider the following deviation strategy for a H-type originator:

1. increase selling to the asset market by an arbitrarily small amount (1 —«)d > 0
(feasible whenever the originator is keeping a positive quantity from bringing to
the asset market for sale);

2. increase production by (1 —A)d > 0, among which a(1 — A)J will receive an & signal
and (1 —a)(1 — A)d will receive an [ signal;

3. Sell these (1 — A)é h-signal assets in the h signal market, while keep (1 —a)(1—A)d
by himself.

Following the deviation strategy as described above, the change in the post-trading re-
tention of the H-type originator is:

Arg=—-(1-a)d+A1—-a)d+(1—a)(1—A)5 =0, (A.16)
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and hence the payoff change following the deviation strategy is:

Awg = (1=A)(1—a)d(pa—xy)+a(l—A)dp, + (1 —a)(1—A)dxg — (1 — )5k
(1—=A)d[apy+ (1 —a)pa —Kk]. (A.17)

By definition, in equilibrium the above payoff change cannot be positive, this implies:
app+ (1 —a)pa < k. (A.18)
Since in this case pj, > pa, given a > %, we have
(1—a)p,+apa <k (A.19)

This again implies that L-type originators will not produce, therefore in equilibrium there
is no lemons in either signal market or the asset market. It then follows that p4 = xg.
However, this means that k > xp and hence H-type originator also will not be producing.
Therefore, in equilibrium originators must be holding no voluntary retention such that
they bring all remaining assets (after signal market trading) to the asset market for sale.

Now we consider intermediaries. First, note that when ps < p4, it follows that inter-
mediaries in equilibrium must be taking all purchased asset for sale in the asset market.
Otherwise, an intermediaries can follow a similar deviation strategy as constructed above
for type H originators:

1. increase selling to the asset market by an arbitrarily small amount § > 0 (feasible
whenever the intermediary is keep a positive quantity from bringing to the asset
market for sale);

2. increase the asset purchase by (1 — A)d and keep these newly produced assets.

Following this deviation strategy, the change in the post-trading retention for the inter-
mediary is zero and the payoff change is

Aw; = pA(l — /\)5 — xh(l — A)é + (1 — A)é(xh — Ph)
(1=A)6(pa = pn)- (A.20)

Since p;, < pa, this deviation gives a strictly positive payoff change.

Now consider the case where p;, > p4. In this case, both types of originators must be
selling all their & signal assets in the signal market, i.e., sy = agy and s; = (1 —a)qr.
Thus the equilibrium asset quality in the signal market is

o gy X
L arqy + (1 —a)(1 —m)g’

If in equilibrium an intermediary who has purchased by units of assets in the signal mar-
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kets is not taking all her purchases assets for sale in the asset market, then we must have

Xp — R/(/\b[)/ > (1 — A)PA + A [xh — R/(/\b[)}, (A.21)

voluntary retention bringing to asset market

in which the LHS is the marginal benefit of retaining a marginal unit of purchased asset
when the intermediary has no voluntary retention (i.e., r; = Abj), and the RHS is the
marginal benefit of bringing a marginal unit to the asset market for sale. Condition (A.21)
is equivalent to

Ab;p
Xp —PA

Xp—pa > /\p—bl<:>p1> (A.22)
I

It can be shown that in equilibrium we always have p4 > X, thus from (A.22), we have

Aby S Aagy + (1 —a)qr) S Aaqy

x, —tX arqy X _ —(1-mn)X’
h artqg+(1—a)(1—m)q; X ( )

o1 >

where the second inequality uses the fact that b; > agp + (1 — a)qy and the last inequality
uses the fact that g;, > 0.

Finally, since gy > Q (because gy > q1) and Q > Q“ for any p; > 0 where Q“ is the
equilibrium total production in a direct economy as described by (22), it thus follows that

AaQ? - AQ?

P> —mx = 20— X’ (A-23)

where the second inequality uses « > % Therefore, a sufficient condition that guarantees
that intermediaries bring all purchased assets for sale is

AQ?

p1 < m (A.24)

This completes the proof for Lemma 2. Il

Proof of no “lemon” market (Lemma 3)

In this proof, we show that in the market equilibrium that arises in an intermediated
system with technology parameter a € (3,1], the “lemon” market endogenously closes
(i.e., the intermediated equilibrium is described by either of the two items in Lemma 3).
We start our proof by first establishing the following useful lemma.

Lemma A1. If in equilibrium there exists a type 0 € {H, L} originator who sells positive amount
in signal j market but does not sell anything in the signal j' market, then the equilibrium trading
prices must satisfy p; > pjr.

Proof of Lemma Al
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Suppose in equilibrium a 6-type originator is selling s; > 0 in signal market j but
selling sg = 0 in signal market j’. Then consider the following deviation strategy that
is feasible for this 6-type originator: decreasing his selling in the signal j market by an
arbitrarily small 6 > 0 while increasing his selling in the signal j/ market by 4. Since
by Lemma 2 this originator must be bringing all remaining assets for sale in the asset
market, it thus follows that after such a deviation, the change in this originators” post-
trading retention is zero.

Therefore, the payoff change following this deviation strategy for the originator is

A(6) = —(pj — x9)0 + (pj — x0)0 = (pj — pj)9,

where we used the fact that both signal j and signal j’ assets produced by this type 6 orig-
inator have the same quality xy. In equilibrium, this deviation cannot give the originator
a strictly positive payoff change, which thus allows us to conclude that p; > p,. B

In what follows, we structure the remainder of the proof into three steps.

Step 1

In the first step, we establish the following important result: if in equilibrium both
signal markets have strictly positive trading volume, then it follows that both H-type and
L-type originators must be simultaneously trading positive amount in both / and [ signal
markets.

We prove this result following the way of contradiction method, in which we rule out
the following three possible cases that either one of H-type or L-type is not simultane-
ously trading in both signal markets. Before we proceed, it is worthy noting that when
both signal markets have positive trading volume (with trading prices being p;, and py),
in equilibrium we must have:

k> ap,+ (1 —a)p;, fortype H
k> (1—a)p,+ap;, fortypelL (A.25)

since both types of originators can always produce and then sell. Furthermore, if both
types of originators are actively selling in both / and I signal markets, it then follows that

c=apy+(1—a)pr=1—a)p, +ap (A.26)

since it is always a feasible for both originators to cut their production by § > 0 and reduce
their selling in the signal markets by (a4, (1 — «)d) for type H and by ((1 — «)Jd,ad) for
type L.

Now we consider the following three cases that we seek to rule out.
Case 1: Both types of originators are active in h signal market, but only one type is active in |

signal market.
In this case, exactly one of the inequalities in Eq. (A.25) holds with equality. First
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suppose in equilibrium we have p; > p;. Then we must have:

k=apy+(1—a)p,
k> (1—a)p,+ap, (A.27)

which implies that L-type originator is not selling in I signal market. This further implies
that the average quality in the I signal market is x; = xp since there are no lemons sold in
it. But since both types are actively selling in the /1 signal market, it follows that x;, < xyg =
x;. From intermediaries optimization problem it is easy to show when both signal markets
have positive trading volume, in equilibrium the signal market prices must satisfy:

pn—p1 = Mxp — x1), (A.28)

otherwise there exist deviation strategies with which intermediaries can make strictly
positive profits. But x; > xj, then implies p; > p;,. Contradiction.
Next suppose that p; > pj,. In this case we must have

k> apy+ (1—a)p,
k= 1—a)py+ap, (A.29)

which implies that H-type are not active in the / market. As a consequence, all assets being
sold in the I signal market are lemons and hence x; = x;. With both types are actively
selling in the h signal market, it then follows x;, > x; = x;, which then imlies p;, > p; by
intermediaries” optimization condition (as in A.28). Again, contradiction arises.

This allows us to rule out possibility of case 1.

Case 2: Each type of originators sell in exactly one signal market.

In the first scenario of case 2, suppose H-types are only selling in the & signal market
and L-types are only selling in the / signal market. Then from intermediaries” optimiza-
tion it follows p;, > p;—because h signal market has no lemons and / signal market only
has lemons. But since in equilibrium L-type is only selling in / signal market while not
selling in & signal market, from Lemma A1, it implies that p; > p;. Contradiction.

In the second scenario of case 2, suppose H-types are only selling in the I signal market
and L-types are only selling in the & signal market. Again, intermediaries” optimization
implies p;, < p;. However, since in equilibrium L-type originator is only selling in & signal
market, it thus follows that p;, > p; based on Lemma A1. Again contradiction is derived.

This allows to conclude that case 2 is impossible.

Case 3: Both types are active in | signal market and only one type active in h signal market.
As in our analysis of case 1, first suppose that in equilibrium we have: p;, > p;. Then
we must have:

k=ap,+(1—a)pi,
k> (1—a)p,+ap, (A.30)

which implies that L-type is only active in / signal market while H-type is active in both
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signal markets. From Lemma Al, the fact that L-type only sell in the | signal market
implies that p; > py,. This gives us a contradiction.
Next suppose that in equilibrium we have: p; > p;,. Then we must have:

k>ap,+(1—a)p,
k= (1—a)p,+ap, (A.31)

which implies that H-type is only selling in the I signal market while L-type is selling in
both market. Unlike in previous cases, here H-type only selling in / signal market implies
that p; > pj, from Lemma A1, which does not contradict with the superior asset quality
sold in [ signal market given only L-type is selling in the & signal market. We therefore
pursue contradiction following a different route.

First it can be shown that H-type’s selling in the I signal market must be binding,
ie., sy = (1 —a)gy. Otherwise, a type H originator can make a profitable deviation by
following the strategy below:

1. increasing selling in the [ signal market by an infinitesimal amount § > 0 (feasible
when H-type is not binding in [ signal market selling);

2. increasing production by ¢ and take all these newly produced assets for sale directly
in the asset market.

Step 1 reduces the post-trading retention by Ad while step 2 adds AJ. Therefore, the
deviation strategy described above leaves the post-trading retention unaffected for the
type H originator while gives a payoff change

AZUH((S) = éPl — [(1 — /\)(SPA + )\(SXH] + (1 — /\)(5}714 + Adxyg — (SIE = (5(}71 — k)

step 1 step 2

But since k = (1 —a)p, +ap; < p; (given p; > py), it thus follows Awg(5) > 0, which
cannot be true in equilibrium. Thus H-type must be binding in [ signal market. Similarly,
L-types’ selling must also be binding in / signal market, i.e., s;; = aqy.

As such, with both types of originators being binding in selling their / signal assets,
it implies that in equilibrium the total asset purchase by intermediaries from the signal
market must satisfy:

by > (1 —a)qy + aqr. (A.32)

Since intermediaries are purchasing a positive amount in the / signal market in which
originators do not bind in selling, it follows that

Axp+ (1= A)pa — AR} (Abr) = py. (A.33)

For type-L originators, since they are selling a positive amount in the & signal market, it
follows from their optimization that

Axp+ (1 =A)pa — AR (rL) = py, (A.34)
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But since only L type sell in the & signal market, it thus follows that x; = x;. Therefore,
Eq. (A.33) and (A.34) thus imply

Abr_ T

(A.35)
pr P

However, given L-type originators sell all their / signal assets and a positive amount of
their & assets, it thus follows r;, < (1 — a)qr. As such, using (A.32) we have

pr Abp A1 —a)qy +aqr Aw
= = > >
0 rL (1—a)qr 1—w

7

which cannot hold when intermediaries’ retention capacity py is sufficiently small (e.g.,

whenever p; < {‘%ﬁ, which can be guaranteed by p; < Ap given a > %). The above
analysis thus implies that under our specification that intermediaries’ retention capacity

p1 being sufficiently small, case 3 can also be ruled out in an intermediated equilibrium.

To sum up, our analysis above establishes the following fact: whenever both signal
markets have positive trading volume, it follows that both types of originators must be
simultaneously selling positive amount in both signal markets.

Step 2

Now we prove that an equilibrium in which both signal markets have positive trading
volume must satisfy: p, = p; = k and x;, = x;.

To show this, suppose such an equilibrium exists and the prices in the two actively
trading signal markets are p;, and p; respectively. Then from our analysis above (Step 1
of the proof), it must follow that these equilibrium prices satisfy:

k=ap,+ (1 —a)p;=(1—a)p, +ap; (A.36)
which in turn implies that p;, = p; = k whenever a > % However, with p, = p;, in
equilibrium both types of originators are indifferent between selling in two signal markets
and their aggregate selling mixture in the two signal markets must satisfy x;, = x;, so that
intermediaries can also be indifferent between purchasing from either signal market.

Step 2 thus implies that if in equilibrium both signal markets have positive trading
volume, then the two signal markets must have the same trading price and average asset
quality. This maps to the first type of equilibrium described in Lemma 3.

Step 3

Our proof thus far has shown that if in equilibrium the (shadow) prices in the two
signal markets are different, i.e., p;, # p;, then there can be only one signal market that
has positive trading volume. In the last step of our proof, we show that if p;, # p; in
equilibrium, then p;, > p; and the [ signal market must have zero trading volume.

Again, following a way of contradiction procedure, assume that in equilibrium only !
signal market has a positive trading volume while the / signal market has zero trading.

In proving the above result, we first show that the following must be true. That is, the
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equilibrium satisfying the following two conditions is impossible to exist:

1. In the equilibrium, only / signal market has positive trading volume (at price py),
while the / signal market has zero trading (at some “shadow price” p), that leads to
zero trading);

2. Each of the L-type originators sell more than (1 — «) fraction of their produced assets
in the [ signal market—which is possible, since the total quantity of their / signal
assets is aqr, > (1 —a)qy.

To prove that the equilibrium satisfying the above two conditions does not exist, we need
to show there does not exist a pj, such that at this shadow price pj, in the & signal market,
originators want to sell zero quantity and intermediaries want to buy zero quantity of
assets from the / signal market.

The condition that guarantees that the selling from originators in the / signal market
to be zerois p;, < p;. The condition that guarantees the purchasing from intermediaries in
the h signal market to be zero is p;, > p; + A(x, — x;7), where x; is the equilibrium average
quality of assets sold in the I signal market and xy, is the intermediaries’ belief of average
quality in the & signal market, which is

xpraqy + xp(1— 1) (1 —a)qr _ g X
gy + (1 —m)(1 —a)gr gy + (1 — ) (1 —a)gr’

x), = (A.37)

under our specification of intermediaries” off-equilibrium belief regarding asset quality
in signal market with zero trading volume. Recall this off-equilibrium belief could be
understood as an arbitrarily small mass € of originators randomly coming into the / signal
markets sell all their eligible assets: each H-type has aqp of h signal assets and each L-type
has (1 — a)gy of h signal assets.

But since in the I signal market each H-type originators sells more than (1 — «)qy (i.e.,sp; >

(1 —a)qr), and each H-type originators” selling in the I signal market is bounded by
xg1 € [0, (1 — a)gy| (which is the total amount of [ signal assets in their hands), we have

7S X < (1 —a)guX - g X
s+ (1—m)sy — m(l—a)gy+ (1 —m)(1—a)qr ~ mwagqy + (1 — ) (1 —a)qr

where the second inequality is due to « > % But for the equilibrium with equilibrium

prices {py, p;} and associated trading strategies to be indeed an equilibrium, we need the
following set of the “shadow price” pj, to be an non-empty set:

pr+Alxy —x1) < pu < pr. (A.38)

However, our above calculation suggests p; + A(x;, — x;) > p;, which means that the
above set is bound to be an empty set. This proves the non-existence of such equilibrium.

The above result allows us to conclude that when in equilibrium only the I signal mar-
ket has positive trading volume, it must be true that in equilibrium the L-type originators’
selling of their I signal assets satisfy s;; < (1 — a)q.. However, in this case, this equilib-
rium can be equivalently viewed as an equilibrium in which only the & signal market has
positive trading volume. This is because when L-type originators” selling s;; of their “I
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signal” assets does not exceed (1 — a)qr, which is the total quantity of assets produced
by an L-type originator that receive a & signal, one can equivalently view these assets
as the h signal assets produced by L-type originators. With this “label swapping,” the I
signal assets sold by H-type originators in equilibrium, which is bounded by (1 — a)gy
and hence smaller than aqy (since & > 1), can be equivalently viewed as their selling of
produced assets that receive a & signal.

In this way, we end up with an equilibrium where only & signal market has positive
trading volume with the equilibrium (shadow) trading prices in the two signal markets
satisfying pj, > p;. This maps to the second type of equilibrium described in Lemma 3. B

A3.2. Intermediated equilibrium in technology-irrelevant range

Proof of Proposition 4

In this proof, we provide detailed calculations for the characterization of the interme-
diated equilibrium in the tech-irrelevant range.

We begin by establishing an important property of the sequential equilibrium arising
in an intermediated economy with neither types of originators bind in their / signal mar-
ket selling. To characterize the sequential equilibrium with perfectly liquid trading in the
h signal market, we characterize a sequence of assessments with positive market illiquid-
ity € > 0 (modeled as the probability of asset sale being failed) in the h signal market,
where € — 0.

Now with a € > 0 probability of asset sale failure in the h signal market, the post-
trading retention born by 0-type originator is

ro — {T@y = A(g9 — sp) if sale succeeds in signal market ’ (A.39)

ron = A(qg — sg) +s¢  if sale fails in signal market

if this 0-type originator chooses to bring sy for sale in the / signal market and gy — sy for
sale in the asset market.

If in equilibrium this 6-type originator is selling interior in the & signal market, then it
follows that this originator must be indifferent between bringing the last unit of produced
assets to either the h signal market or the asset market. In equilibrium the marginal cost
of production for 0-type originator should equal to the marginal payoff of bringing the
last unit of produced assets to the / signal market. This requires:

(1—€)py + e[xg—R'(ron)] =k, (A.40)
————
signal market sale succeeds signal market sale fails

where rgny = A(gg — Sg) + sg is the equilibrium retention when signal market sale fails.
With interior selling, the marginal cost of production for 6-type originator should also
equal to the marginal payoff of bringing the last unit of produced assets to the asset mar-
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ket. This requires:

\(1 — G) [(1 - /\)PA + Axg — )\R/(ng)l +\€ [(1 — )\)PA + Axg — /\R/(T"QN)} =k, (A4l

/

-

signal market sale succeeds signal market sale fails

where rgy = A(gg — sp) is the equilibrium retention when signal market sale succeeds and
roN is defined as above.
From Eq. (A.40) and (A.41) we can get

k= (1= )], and xa—R'(r) = pu— 17— (Pa—H),

o=

xg — R'(ron) =

from which we get the equilibrium selling sy (€) in the signal i market:

ple) = pu— ey (Pa—R) =g k= (1o
S S S Sl (A42)
e \Pr A1 _e) PATH '

for both 6 € {H,L}.

Critically, from Eq. (A.42) it follows that for any € > 0 both types of originator bring
the exact same amount of assets to sell in the & signal market, if neither type bind in selling
their h-signal assets. As such, if technology « is sufficiently low such that in equilibrium
L-type originator is not bring all his h-signal assets to the signal market, it must follow
that H-type originators are also not binding in selling their h-signal assets since & > 1
and in equilibrium we must have gy > gq;1.

Furthermore, for any market illiquidity € > 0 in the & signal market, we have equilib-

rium average quality x,(€) in the / signal market is:

_ xprsy(e) +xp(1—rm)sp(e)
WO @ e

It thus follows that when the market illiquidity € in the h market is taken to zero, the
average asset quality in the signal market must converge to lim,_,o xj,(€) = X.
Therefore, in the sequential equilibrium with perfectly liquid signal market trading,
if trading volume is positive in the / signal market and neither type bind in selling their
h-signal assets, then in equilibrium the average quality of assets traded in the h signal
market must be x;, = 7tX. This then allows us to uniquely pin down the sequential equi-
librium with both types of originators being slack in selling their h-signal assets, which is
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characterized by a single quadratic equation system of {qg, 41, i, b1, x5, pa, k} as follows:

)\2
AX+(1=A)pa— F(qH —sp) = k (A.43)
/\2
(1_)\)PA_?(QL_SP1) = k, (A44)
/\2
Axy + (1 — )L)pA - p—bl = k (A.45)
I
Sy = bl, (A46)
x, = nX, (A.47)
1+ x[mgu+ (1 —m)qL] = k& (A.48)
gy X
1 = pa (A49)

mqg + (1 —m)qL

in which Eq. (A.43, A.44 and A.45) are from optimization by originators and intermedi-

aries, Eq. (A.46) is from h signal market clearing, Eq. (A.47, A.48 and A .49) are equilib-

rium prices.

pi(k—1)

(o+pr)x
1

originators in the / signal market and the asset market price pa = = [k + ?;I(i_p)l 12 — AmX|.
Plug in Eq. (A.49), we get

(1-mpxX 1 Mk-1)
AE-1) - ax@-A) ) ”X}'

Combining equations, we can get the equilibrium sell s;, = by both types of

(A.50)

It can be easily shown that Eq. (A.50) always exists a unique solution on k € (1, ), given
that the LHS of Eq. (A.50) monotonically decrease in k while the RHS monotonically
increases in k for k € (1, c0). Solving this quadratic equation in k, we get the solution as
in Proposition 4.

It is worthy noting that sequential equilibrium characterized above is independent of
technology level parameter «. In this regard, the intermediated equilibrium in which both
types of originators are not binding in selling their h-signal assets is tech-irrelevant. To
pin down the cutoff level &;(p;) in intermediation technology «, note that at « = &1 (py)
the type L originators just start to be binding in selling their / signal assets. As such, the
tech-relevance cutoff &1 (py) is determined by condition:

> (1—a) < (1-A7) —k<LZSh (A.51)
Sh = 1)qL pPa = o(1—a) .
which implies
1 )\259 }1
& = -, +1 , A.52
1(IOI) max{z L)[(l—)\)PA—k] ( )
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or Eq. (37). This completes the proof. B

A3.3. Intermediated equilibrium in technology-relevant range

Proof of Proposition 5

In this proof, we provide detailed calculations for the characterization of the interme-
diated equilibrium in the tech-irrelevant range.

As we discussed in Section 3.3.2, with intermediaries’ retention capacity p; being suf-
ticiently small, it can be guaranteed that H-type originators never bind in selling their h
signal assets in an intermediated equilibrium. To see this, suppose both types of origina-
tors are binding in selling their / signal assets. Since type H is taking his last unit of &
signal asset to the & signal market rather than the asset market, it follows that

)\2
)\X—l—(l—/\)pA—?(l—oc)qH < pp. (A.53)
In equilibrium, intermediaries” purchase by in I signal market satisfies:
2

A
Axh + (1 - )\)pA - Ebl = Ph- (A.54)

Since xj, < X in equilibrium, it thus follows that

A2 A2
?(1 — OC)qH > AX + (1 — )L)pA — Pu > /\xh + (1 — )L)pA — Py = Ebl
Therefore we have
01 by gy + (1 — 7T)spy o
- Z - 7
p— (1—a)qu (1—a)gn -

which can be guaranteed to fail to hold under our parameterization assumption (10).

Now we know that in the tech-relevant range of the intermediated equilibrium, L-type
originators bind in their i signal market selling while H-type do not. The equilibrium
production and trading by an H-type originator thus imply

)\2
AX+ (1 —=A)pa— ?(QH —spp) = pr = k. (A.55)

In equilibrium, L-type originators sell all their / signal assets, i.e., s;, = (1 —a)qr, and
equilibrium production by L-type implies
)\2
(1—a)p,+a (1—/\)pA—?zqu = k. (A.56)

Further, with L-type binding in their & signal market selling, the equilibrium asset quality
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in the signal market is determined as

X7tsyy

= s+ (- )10y (A.57)

Again, trading prices in the asset market and equilibrium capital price are given by

XTCqH
mtqy + (1 —7)qL

pa = and k=1+x«[mgy + (1 —m)qz]. (A.58)

Finally, h signal market clearing requires
tsgp + (1 —m) (1 —a)gp = by (A.59)

and intermediary optimization implies

/\2
/\xh —+ (1 — )L)pA — Ebl = Pu (A60)

After some combination of equations, we get an equation system of {xy, by, k}:

pi(k—=1)  (x, —X)pp;

by = + (A.61)
: (e+pn)x  Alp+pr)
xhb[ B k—1 . _ﬁ /\_2 _ 1—m
~ = T {NAX + (PI by —Axp, | | T+ — (A.62)
A? k—1  X(k—=1) (1-mpX (A
(E +k— /\xh) i — (p_lbl — xh) (A.63)

Characterization of intermediated equilibrium with « = 1 (Corollary 1)

In this section, we provide detailed calculations for the special case with perfectly
informed intermediation, i.e., technology parameter x = 1.

With « = 1 all assets produced by H-type originators will receive a / signal and hence
H-type cannot be binding in selling their & signal assets. In addition, since none of the
assets produced by a L-type originator will receive a / signal, it follows that x;, = X.

The equilibrium production and trading by a H-type originator is described as in Eq.
(A.55), while the equilibrium production by a L-type satisfies

/\2
(1—=A)pa— 5= k. (A.64)

In this case, intermediaries” asset purchasing and relatedly the /1 signal market clearing
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become

)&2

AX + (1 — /\)pA — p—b[ = py (A.65)
I

Sy = bl, (A66)

and equilibrium asset market price and input capital price are still as given by Eq. (A.58).
Combine equations we get intermediary’s purchase

p — Prk=1)  (1—m)Xpp; A 67
"= otenx T Apten) 640

and the equilibrium input capital price k determined by the following quadratic equation:

A2(k—1) ik (1-M)(1 = mpX* (k;1>_1+w (A.68)

(i +p)x A pr+p

It is easy to see that the LHS of Eq. (A.68) is monotonically increasing in k while the RHS
of Eq. (A.68) is monotonically decreasing k for k € (1,00), which thus implies that the
equilibrium with perfectly informed intermediation uniquely exists with k > 1. Solving
this quadratic equation gives us equilibrium capital price k (or total production Q = k_Tl)
as in Eq. (38). &

A4. Proofs and Calculations for Economic Implications of Tech-driven
Intermediation

A4.1. Comparative statics analysis

Proof of Proposition 6

In this section, we show that when the technology level a improves in the economy,
the average quality of assets produced in the economy improves and intermediaries play
a (weakly) more significant role in the asset trading market, captured by (weakly) increas-
ing trading volume ratio %.

First, note that in the tech-irrelevant range, increasing in technology level a has no
impact on equilibrium outcomes. In the tech-relevant range where L-type’s selling in the
h signal market is binding while H-type are not binding in their selling, then an increase
in « has no direct effect on H-type’s equilibrium production and trading, while it has a
direct effect on tightening L-type’s eligibility constraint. As such, in equilibrium L-type
respond by cutting their production q;. The reduced production by L-type transmit to
the production decision by H-type through its impact on equilibrium prices: holding gy
fixed, a reduced qr, leads to a lowered input capital price k and a heightened asset trading
price p 4, both of which then encourage H-type originators to expand their production.

Mathematically, note that the intermediated equilibrium in the tech-relevant is char-

acterized by equation system Eq. (A.61), (A.62) and (A.63) of {xy, by, k}. We can write this
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equation system as an equation system of two unknowns {x;, k}:

ﬁ{(xh—nX)ppI pl(k—l)}_k—lz <n+1—7r) |:|0[3Ch—|—7TIDX_ k—1 ]_an
X | Motp) xGeren]  x F o ) (orpnh  (prpor] A
(A.69)
and
A2 k—1 _X(k—l)_(l—n)pX{)\(k—l) (xp—nX)p }
(m+k Axh)(l—A)K_ K A Letenx  prpr
(A.70)

To apply the implicit function theorem, write the equation system (A.69) and (A.70) as

F(xy k&) = < ggi:;g ) — ( X > (A71)

Then by implicit function theorem,

2, oF 3R 171
- | - | 9 ok
k | = 7| R 0B
on dx, ok

Plug in the functional forms from (A.69) and (A.70), we have

o
|- (A.72)

oF; pPI [th —nX Ak—1) ( 1— n)]
oy Alp +pr1) X Kp
oF 01X}, 1 ( 1-— 7r> 0
= = —/—————+|n+
ok kK(p+pn)X « it (p+p1)x
F _ Ak-1)  (1-n)ppiX
o, (A-Arx  aklptpr)
oF, k-1 A? 1 X  (1-mpX
ok T d—rax T <E+k_“h) A-Mrx x aptpnx
and
of _ (1-mp [plthrﬂpX_ k—1 ]
o o2 (o+p0)A  (o+pr)x
Lo meX A  mop ]
o A (p+p1)K P+ p1 "
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By Eq. (A.72), we have

Fr ok oax ok oa
ok (31:1 oF, 0F apz>—1< oF, oF 0F an)

- el el

% . (B.% A an)‘l (%20 o oF)

oxy, o E oa
Plug into partial derivatives, we have

oL, oF, OF, b

ok da  Jdk oa

k—1 A2 1 X (1—7r)pX} [pm—kan k—1 ]
e (k= A -= : -
ot ) e x amrend) [Gren eran
PIXp 1 < 1—7'(> 0 } X [ AMk—=1)  (xp—7X)p ]
[K(P+P1)X O\ T ) ot enx] A ot x p+p1 o
1 A? pixp +mpX k-1
~ <1—A>K<m”"‘1‘“h)'[ r o« ]
(prxp + mpX) (k—=1)  (p1xp + an)2
(p+pr)x? Mo+ pr)x
1 A? prxy +mpX] [prxp +mpX k-1
e (21w - RS [P -
_ prk=1) | (xp—7X)
Note that by = f;erl)K + xﬁ(piplf))p’ by Eq. (A.61), thus
k=1 prxp+ mpX _ (pitp b, _ PIX _ PIXp
K A 01 ! A ! A
o1 (A _ P o A
and it is easy to see that
1 A? prxy, + mpX
(4 2k—1 - Ax ) e Y
(1-A)x (m ") (otpnx

under our specification with p; being small. Therefore, it follows that %ikz . %%1 — % . %
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0. Furthermore, we have

oFy 0F, OJF OF

ok dx, ox, ok

« R () [

_ppr [2x,—nX | A(k=1) 1-7\] [ 1 (A? L B (1—m)pX
A[ x e+ T (G H2km1 - ) x4 S

= m [—szh + (o +p1)X —p(2x; — X)) — AX <k;1ﬂ

o (232,

B _ N 2
o2 M) (1)) L ()
- I

To simplify notations, denote

A 1= mper {_Plthr(PﬂLPI)X—P(th_”X)_AX (k_lﬂ

a(p+pr)A K
_ Mk=1) [prxn 1-m
B = (1_/\)K[ X (p+p1)+<7r+{x >p}
_ppr [2x,— X | AMk=1) 1-7\] [ 1 (A L B
A[ e + " T+ o -1 P1+2k 1— Axy X
For infinitesimal p; > 0, we have
k—1

A o« —pixp+(p+pn)X —p(2x;, —tX) —AX < > ~ pX — p(2x, — tX) — AXQ*

K

< pX - p(2rX — X) — AXQ? = [(1 —)p — AQd} X

where the inequality uses the fact that the stable equilibrium in the tech-relevant range
must have signal asset quality x;, > 7X. Similarly, with p; > 0 being taken to zero, we
have

e G [ )RR A ()] S
= 2 ot (e ) o] - 2y [ AT (1)
< 2l (e ) @] AL (1]
= _% :—Qd+<n+1;n>Qd+Ade_1;n]
< ~ps b n-me] = 25 0 me-a0]

where the first inequality uses the fact that in stable equilibrium x; > 77X and the second
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inequality uses the fact that « < 1.
Therefore, under the condition that

(1-m)p—AQ% <0, (A.73)

where the total production in a direct trading economy Q is as given by Eq. (22), we have
A < 0and B < 0. Itis easy to see that (A.73) is guaranteed under Q? > max {1
thus we have

! — 1+/\/p

and thus

9x  \ ok ox, ox, ok ok oa ok oa

axy, (8F1 OF, OF an)—l <ap2 OF, 9F apz)

Similarly, for the comparative statics regarding k, note that when py is close to 0, we have

R OF 0R R AQ" (1-mp (nX ?
dx;, ox  ox, oax  1—A\ w2 A o/

But since Q% > Z8Z, it thus implies that when py is close to 0, it is guaranteed that

JoF, 0oF OJF JF
ox, ox ox, o "

and thus

ok _(0R oR 0R R\ ( 9k R  OR 9B\ _
ok dx, ox, ok

on C0x, da | Ox, ow

To show that increasing intermediation technology « also translates into an increased
trading price in asset market p 4 (which thus reflects an improved production composition
Z—IZ), note that the assets traded in the asset markets consists of two parts—one part that is
brought in by intermediaries and the other part that is brought in directly by originators.
The part brought in by intermediaries has an average quality xj, which is increasing in
«. Suppose by way of contradiction that after an increase in «, the trading price in the
asset market p 4 decreases. Then it must be that the part of assets brought in directly by
originators has a deteriorating average quality. But by Eq. (A.55) and (A.56), we can get
the asset mixture brought into by originators directly to the asset market

qH—SHh:)tX—f-(l—)\)pA—k AX

=14+ A.74
aqr (1—=A)pa—k (1—=A)pa—k (A.74)

mo (DC) =
But smce > 0, hence p 4 < 0 immediately implies that 9 > 0, which contradicts that
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the average quality of assets brought in by originators must be deteriorating. Therefore,
after an increase in the intermediation technology, the equilibrium asset market trading

price must increase, i.e., a% > 0.
In the last part of the proof, we show that under the conditions provided in Proposition

6, we have % < 0. First note that by L type originators” optimality condition, we have
A2
(1—=A)pa— ?och = k.

Differentiating the above equation w.r.t. a, we get

dpa 9k A2 oqL

Therefore, aa% < 0is equivalent to

apA ok )LZ

Next, note that by Eq. (A.60) and Eq. (A.61), we have

A2Q  Ax,—nX)p
Axp+(1—A — — =k,
nt( )pa 0+ o1 0+ o1

which implies

apA ok . )LZ ok )Lp axh axh
=N “ 3~ prporan T prpion Mo

(A.76)

opa ok A2 9k

For pr close to zero, we have (1 —A)524 — §& ~ o o1 and hence it suffices to prove

ok d
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From our calculations above, when py is close to zero we have

ok _ (oF 3R 3R 9K\ '( 9k oF A oF 3R
on dx;, Jda  dx; O«

Q

P e - -)]

< o Geo-m)] MR (-5
(1 —m)xQ%f

20— (1-n)

where the inequality is using the fact that « < 1 and x;; > 7X as well as the condition
Q“ > 1, and the last equality is using the fact that Q¢ = %X +q4.

(1-m)xQqf
5Q1—(1-n)

to (1 —m)Q4 < %Qd — (1 — 7). Thus under the condition that Q% > max {1, Al—_lin }, it
0

Thus to show % < xq4, it suffices to show that < xq4, which is equivalent

is guaranteed that g—’; < xq%, which further implies that %L < 0.
This completes the proof for Proposition (6). B

A4.2. Welfare analysis
Proof of Proposition 7

In this proof, we show that uninformed intermediation could potentially impair social
surplus while informed intermediation always improves social surplus. Particularly, for
the low technology a range, we show that when a < &;(p;) so that the intermediated
equilibrium is in the tech-irrelevant range, for any p; > 0 we have w(p;) < w* if and
only if 7X < 1. For the high technology « range, we show that when &« = 1 we have
w(p;) > w? always holds for any p; > 0.

Part 1. Welfare implication of uninformed intermediation (« < &1(p;))

We start with calculating the social welfare attained in a direct trading economy, as
characterized in Section 3.1. Given equilibrium outcomes characterized in Proposition 2
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the equilibrium payoff to an originator in a direct trading economy is

1 1
th = [ AXau+ (1= D)pagu = 55 (M ~kgu | + (1= 7) | (1= Apaqe = 5 (haw)? ko
A? ” A2 (k=12 p*XPr(1— )
= [an"{'(l_nML} =2 [ T 22
Ak —1)2 p 2
- T‘l‘iﬂ(l—ﬂ)x , (A.77)
and the equilibrium payoff to input capital producer in a direct trading economy is
Kk —1) k-1 «x (k-1
oh = K+ (- o]~ K (g + (- mgy) = S =D B2 % ( )
K K 2 K
_ (K -1p
= e (A.78)

Therefore, the social welfare attained in a direct trading economy is

)\2 kd_1 2
w' = v 4o = (1+ p) (2—K)+ ‘(2—)71(1 — ) X? (A.79)

Furthermore, by Eq. (20), we have

A2\ /o4 _xp(1—=A)(1—m)X>?
<1+p)<k —1>+1—nx_ Y=Y : (A.80)

Therefore, we can further get

o = PO- /\)(21/\_ LS + <”}§K_ 1> K —1)+ gn(l — ) X?
(X =1\, 4 ort(1 — ) X2
- ()t -+ R (A8

in which equilibrium input capital price k? is given by Eq. (23).
Move on to the intermediated equilibrium in the tech-irrelevant range characterized
by Proposition 4, the equilibrium payoff to an asset originator in this economy is

2
v = 7(qH —sn) [/\X+(1— A)pa — Z—(qH—sh)—k]

2
(1) (41— 1) [(1 ~A)pa— Q—p (91— sn) —k}

0 x+ (- Apa— kP + TP (0 npa k2 a)
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Using Eq. (A.50), we get

r 2 2
u TP A%(k—1) (1—nm)p A (k—1)
TJO = W_)\X—k—f—k—f‘m—/\ﬂ'x +T k+—(pl+p)K—)\7TX—k

_ 7o [Ak- 1) +(1—n)AXr+(1_")p [Az(k_l) —mxr

2A2 [ (o1 +p) x 202 (o1 +p)x
TP /\4(k_1)2 )\Z(k_l) 2422
= +2(1 —mAX ————= + (1 — 1) A°X
2A% | (o1 +p)* K2 1-n) (o1 +p)x =
- 4 . 2 2 .
202 | (pr+p)* 2 (o1 +p) x
2 o 2
= PR L P x (A.83)
2(pr+p)" x> 2

The equilibrium payoff to an intermediary in this economy is

22
o = b [Axh—i—(l—/\)pA—z—prI—k] = L WX + (1= A)pa — K

2
_ o MU=1) o x
= oz {AnX—l—k—l— (01 +0) K AnX —k
20k — 1)2
_ Mk 1) 21) (A.84)
2(pr+p)° 2
Finally, the equilibrium payoff to input capital producer in this economy is
u (k — 1)2
vk = k[mqu + (1 = m)qi] = K(mqu + (1= m)q1) = —— (A.85)

Therefore, the social welfare attained by an intermediated economy in the tech-irrelevant
range is

A2 (k" —1)2 A2kt —1)2 (k" —1)2
W= ool oy =PI T 0 gy e (K2 )
2(pr+p)° k2 2 2(pr+p)" K2 2K
_ (k" = 1) A2 P B 2
= 5 1+ i o) % + 271(1 ) X7, (A.86)

in which we use k to denote the equilibrium input capital price in such an economy with
uninformed intermediation. Furthermore, by Eq. (A.50), we have

: K} + (1 —nmX)(k"—1) = (ﬂ) (1 —m)pexX?  (A.87)

w0 1 7
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Therefore, we can get

(X -1\, ort(1 — 1) X?
_ ( = )(k 1)+ LR (A88)

Comparing the social welfare of the direct economy (w?) to that of the intermediated
economy in the tech-irrelevant range (w"), we have

i Coa_ (X =1\, .
o)~ = (5 ) [k (o) — 1], (459
in which we index the intermediated equilibrium with intermediaries’ retention capacity
o1 > 0.

Note that k*(0) = k4. For p; > 0, it can be shown that %ﬁ(f;’) > 0. To see this, recall
that by Eq. (A.50) we have
A% (k" —1)

(1—-m)poxX 1 " B
1) x| e (A20)

The LHS of the above equation is monotonically decreasing in k* while the RHS is mono-
tonically increasing in k* on k" € (1,00). An increase in p; leaves the LHS unaffected

while lowers the RHS, pushing the solution k* towards right.

Therefore, with %ﬂg‘;’) > 0 for any pr > 0, it thus follows that

k(o) > k*(0) = k°. (A.91)

As such, when the lemon’s problem is sufficiently severe in the economy such that 7X <
1, we have

w (o) — ! = (”);: 1) [k (or) k'] <0 (A.92)

for any p; > 0. Conversely, if 7X > 1, when intermediation always improves social
welfare, even if the intermediated equilibrium is in the tech-irrelevant range. W

Part 2. Welfare implication of perfectly informed intermediation (x = 1)

We now prove the second part of Proposition 7. Namely, the social welfare attained in
an economy with perfectly informed intermediation, as characterized by Corollary 1, is
always higher than that attained by a direct trading economy. The equilibrium payoff to
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an asset originator in this economy is
) 22 A2
vo = 7(qH —sn) {/\XﬂL (1=A)pa =55 (@r = sn) —k] + (1 =g {(1 BRI v k]

= TP ax+ (- Apa kP E (1,

2A? 2A2
2
T [ k=1 AX(prt+p1) "‘r+ (1-m)p [v(k—l) Lk MXprtpr) _k]
22 (o1 +p)x or+p 202 [ (p1+p)x pr+p
_ {wk —1) , AX(1- n)pr L (-mp [wk -1) AX(pn+p1>r
- 2 (it pitp 22 L(pr+p)x  prtp
_ A= (- mrpprX(k—1) | (1= m)e*X? (1= mppi(rte + pr) X (A.93)
2(p1 + p)2? (pr +p)?x 2(p1 +p) 2(p1 +p)? '
The equilibrium payoff to intermediaries in this economy is
Uin = b[ /\X—i-(l—)\)pA—A—sz—k = ﬂ[)\X—F(l—/\)PA—k]z
I Zp[ 2A2
2(5 _ 2 2(% — _ 2
_ p_12 [AX+ A(k—1) ke AX(prt + pr) —k} _ P12 [/\ (k—1) n AX(1—m)p
2A (o1 +p)x pr+p 202 [(pr+p)x — prtp
20k —1)2 _ 252(1 — )2
_ piAi(k 21)2 | MpipX(k . 1), pr’X(1 ;T) (A.94)
2(er +p)*k> (o1 +p)% 2(p1 +p)
Adding the equilibrium payoff to input capital producer v% = (kgkl )2, the welfare in this

economy with perfectly informed intermediation is w = v + v + vl

in pA? (k=12 (1—mAppiX(k—1)  n(1—m)p*X* (1 —m)pp;(mp+ pr) X

O T 200 1) (o1 +p)*x 2(p1 +p) 2(p1 +p)?
piA*(k—1)*  AproX(k—1)  pro*X*(1 — m)?
2(01 +p0)*k* ~ (p1+p)*x 2(p1 +p)?
L (k=1
Bt X(k=1)  (1—m)p(p;+ mp)X?
A 1 2 7pp1X(k — — m)p(pr + 7o
= o e ) b0 T R (A-99)

Using Eq. (A.68), we have

A2 11, o (A=MA-mplr+pm)X*>  ((er+m0)X k-1
{(pﬁp)vfﬁE] k=17= Apr +p) +( o1+ p 1) K
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Thus we have

in (=M =m)p(or + pr) X (o1 +mp)X k™ —1
W = 2M (o1 +p) ( pr+p 1) 2K
mpo X (k" —1) | (1—m)p(pr + 7p) X

(o1 + )2k 2(p1 +p)
[ 2mppiX (o1 + 7o)X 1} (ki” - 1) (1= m)p(pr + prr) X2
(o1 +p)? pr+p 2K 2A(p1 + p)
_ { 2rppiX | (o1 + 1o)X 1} Q, (1=mp(or +pm) X
(o1 +p)? p1+p '

7

2 2A(p1 + p)
To show that w™ (p;) > w? for any p; > 0, first note that Eq. (A.68) can be rewritten as:

_ _ M2 Ng [ eitmp) X 5 (A=A - m)pX?

where we used the fact ]%1 = Q. Applying implicit function theorem to F(p, Q), we

have
09 _ _9F OF
901 dpr” 9Q
A2Q? (1—7f)pXQ1 { ( A2 ) (or + 7mp) X
= + /12 x+ Q+1--—""""| >0.
{(mﬂ))z (o1 +p)? or+p pr+p
Next denote
i (o1 + mp)X ]Q (1—m)p(pr + pr1) X
. = |—-1| =+ . A.97
@) [ N 2 27 (o1 + p) (A.97)

Then it is easy to see that w™ (p;) > @' (or) for any p; > 0, and @ (0) = w? (see Eq.

(A.81)). In what follows, we show %p(lm) > 0 for any p; > 0. We have:

dor  (or+p)? 2

9™ (py) (I-mpX Q [(Pl +me)X 1] 1 90 (1- )22 X2
o1 +p 2 91 2M(pr+p)?

(1_7T)2p2X2} [Z(K—i- )2 )Q+1_(p1+7tp)X

°‘ \{“ —pXQ+ 3 o1+ p o1+ p
A
(o1 + mp) X
- [W - 1} [Azgz +(1- N)PXQ]/, (A.98)

B

74



We would like to show A + B > 0. First, by Eq. (A.96), we have

B B (1—n)2p2X2} K A2 ) (1—A)(1—m)pX?
A=1(1 rt)pXQ+—/\ K+,01+p Q+ 10 > 0.

There are two cases to consider.

1. Suppose % —1 > 0. Then we know B > 0 immediately and the claim of

A+ B > 0 follows.
2. Suppose o)X g . Expand Eq. (A.98), we have A + B equals

pr+p
A? (o1 + p) X
201 - m)px (x+ w2 (LETOX )] g2y
\[ ( ) ( P1+P) pr+p QJ
C
(1-m)*p*X? A2 (1-m)%p*X? (or+7e) X
X o <K+ ﬁ) Q+ — 4L (1 — prlff) ) (A.99)
Note that with % — 1 < 0 the second line is positive. And, “C” in the first line
of (A.99) satisfies
A? (o1 + 71p) X
C > (1-mpX(x+ +A2<——1)
( )P ( P1 +.0) pr+p
2
> (1-— ﬂ)px/\_ + A2 (M _ 1)
pr+p pr+p

= A%(X-1)>0
Hence it follows that A + B > 0.

Recall that A + B > 0 implies %p(,m) > 0. Therefore, for any p; > 0, we have w'(p;) >
@' (1) > w? which completes the proof. B

Ab.  Detailed Analysis for Model Robustness and Implications

This section provides detailed calculations for our analysis of the micro-foundation of
market illiquidity A and model robustness under alternative model specifications.

Ab.1. Calculations for endogenizing A in a directed search setting

In this section, we provide calculations for the characterization of generalized equi-
librium with endogenous market illiquidity A. For illustration, consider the case where
trading volume in both ‘H market and £ market is positive. From our analysis in Section
5.1, both types of originators have equalized selling s, in the liquid market and equilib-
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rium asset quality in the two assets markets are given by

vy, — YHTSHH + x0.(1 — 7)spy xr = 71X (A.100)
H sy + (1 —m)spy . , |

and equilibrium prices in asset markets are thus determined as

PH = XH, PL = XL, (A.101)

so that assets in both markets offer a reservation return of 1.
On equilibrium production and trading, H-type originators brings sy of produced
assets to sell in the illiquid market and the production gy is determined as

1
SHH + S = qH, and Ayxpy + (1 — )‘H)PH — ‘(_))\%-[SH’H =k, (A.102)

under our quadratic functional form specification. Similarly, an L-type originator pro-
duces g1 and bring sy, € (0,qL) of produced assets to market m for sale, such that

siy +sc =4qr, and Ayxrp + (1-— )VH)P’H — p/\%{sLH = k. (A.103)

Furthermore, if the trading volume is positive in the perfect liquid £ market, we must
have in equilibrium

k=pr=nX (A.104)

Finally, the clearing condition (under the rationing rule as in Guerrieri and Shimer (2014))
of investors” endowment requries

(1= Aa)pw [resum + (1 — m)spy] + pe(1—m)se =e, (A.105)
and equilibrium input capital price is given by
1+« [mqy + (1 —m)qL] = k. (A.106)

As such, we obtain a just-identified equation system consisting of Eq. (A.100-A.106) and
unknowns {py, Pz, Ay, X3, X2, GH, L, SHH, SLH, Sc. Kk}

As a relevant special case, it is useful to describe how the equilibrium is characterized
when the liquid market (the £ market) has zero trading volume in equilibrium. In this
case, with only H has trading, the equilibrium production and trading for both type 6 €
{H, L} of originators becomes

so = o, and Ayxg + (1= Ay)py — pA3sen = k (A.107)
The equilibrium asset quality and trading price in H market are determined by

oy, = XH7SHy + X0 (1 — T)siy
Pr = sy + (1 — 70)spy

. (A.108)
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and paralleling Eq. (A.105), with trading volume being zero in the £ market we have
(1= Aq)py [ + (1 — m)spy] =e. (A.109)

As such, we have a just-identified equation system consisting of Eq. (A.106-A.109) and
unknowns {le AHI XH, qH, L, SHH,SLH/ k}

Ab.2.  Analysis for observable seller occupation identity

In this section, we provide calculations for model analysis under the alternative speci-
fication that sellers” occupation identity is observable to the outside investors in the asset
market.

Generalized framework with (partially) observable seller occupation identity

To formalize our discussion in Section 5.2, we assume that each individual intermedi-
ary is subject to an idiosyncratic “identity observability” shock id € {P,S} in her date 1
trading in the asset market: with probability 1 — z, her selling is executed at same pooling
price p4 as those by originators (i.e., id = P); and with probability z € [0, 1] her selling
is executed at a separate “intermediary” price pl, (i.e., id = S). Importantly, we assume
that intermediaries make their asset purchasing decisions before knowing the realization
of shock id.

As such, while the equilibrium characterization for originators” problem stays largely
unaffected, there are now two separate contingencies that intermediaries” optimization
problem might involve. For an intermediary who has purchased {bj;}c ;1) from signal

markets on date %, she solves the optimal trading problem on date 1 contingent on the
shock id € {P,S} received. Specifically, if the originator receives a shock id = P, she
gets to sell her purchased assets at the same price pooled with those sold by originators,
in which case she solves the following problem (paralleling Eq. (4) in the benchmark
analysis):

o7 ({b;}) = max [erjxj—kpf;z <b1]' —rﬁ-) — R (Zrﬂ)] - Zp]-blj
j j j

{rhbiemn L7

~ ~——
date 1 payoff net of retention cost date % purchase cost

Similarly, in the case where the intermediary receives a shock id = S, she solves problem:

v} ({byj}) = max [Zr?jxj +ri Y <b1]- — r%-) — Ry (Zr%)] — ijblj
] ]

{ri'}fe{hrl} ] j ’

date 1 payoff net of retention cost date % purchase cost

In either cases, the intermediary takes as given her asset selling price p4 or pl. On date
%, the intermediary determines her optimal asset purchasing {bj; };c () in signal markets
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by solving

oy = max zovb ({byj}) + (1 - z)v} ({1}),

{b1jtieqnny

before knowing the realization of shock id. Accordingly, risk neutral investors set asset
market prices as

Yo Xo [Zj 7t (6 — Sej — 791')} tz)% (bIJ rl])
Lo |% 70 (d0 — 0= 7o) | +2 15 (b —rF)

and pi = e <b1] r1]>
L (bIJ 71])

for asset selling that involves pooling among both originators and intermediaries sellers
(p) and that only involves intermediary sellers (p3,) respectively.

ph =

Proof of Proposition 8

It can be easily shown that perfectly informed intermediation still always strictly im-
proves social welfare. In what follows, we show that unlike in the setting with unob-
served seller occupation and pooled asset sale with a common price p4 where unin-
formed intermediation could potentially hurt social welfare (Proposition 7), now unin-
formed intermediation always (weakly) improves social welfare.

Similar as in Section 3.3.2, it can be shown that in the tech-irrelevant range both type
of originators still sell the same amount in the signal market and thus the signal market
asset quality is x;, = 7tX. In this case, with separated equilibrium trading prices pp and
p1 in the asset market, a 6-type originators’ equilibrium production and trading satisfy

/\2
Axg + (1 — )\)pA — ?(qg — Sh) =k, (A.llO)

and an intermediary’s equilibrium optimization now becomes

2
/\xh—l—(l—)\)pl— 2—b[ =k. (Alll)

Bayesian consistency of the equilibrium trading prices in the asset market now becomes

ﬂX(qH — Sh)
(g —sn) + (1 — ) (gL — sn)

for intermediaries’ selling price p; and originators’ selling price po respectively.

First, it can be seen that for intermediaries to be actively operating in this economy
(i.e., by > 0), it must be true that the selling price by intermediaries is strictly higher than
the equilibrium input capital price, i.e., 7X = p; > k. But since k > 1, thus it follows that
if intermediaries are operating in the economy, we must have 7X > 1.

Now suppose X > 1 and intermediaries are actively trading in this economy with

pr = x, =X, and po = (A.112)
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uninformed intermediation (such that the equilibrium is located in the tech-irrelevant
range), the equilibrium prices satisfy:
A%(k—1)

o (A.113)

ﬂX()\-i-%) +(1—=A)po = (1+%)k+

and
pATT(1 — ) X2
e +pz) (k—=1) —pr(nX —1)

po =X+ < (A.114)
In this equilibrium, the payoff to an asset originator is

2 2
th = lan =) [AX+ (1= Npo =3 (=9 —K| + (1= ) (1 =5) |(1 = Dpo = 5 (1 =51) —K

2p
= 2T X+ (- po — P+ LT [ - aypo — i
A2(k—1 2 p(1—m) [A2(k—1 ?
_ 5’;[<pk )+‘(:)I(k—7TX)—(1—7r)AX] +”(2A2”>[ <p;< )+i)[(k—7rX)—m\X}
P A% pr o1 2 prt(1— ) X?
= e | (Ge+B) -+ -]+ PO (A115)

Using Eq. (A.113) and (A.114), we can get

[(2—1? + %) (k—1) +%(1 = nx)r = (1-M)An(1—m)X?

(k- 7X) [(;‘—i+%) (k—1)+%(1—n>()

Plug into Eq. (A.115), we have

X —k A2 1—A)m(1 — ) X? 1—m)X2
vl = —p(”w )KP—KJF%) (k—1)+%(1—nx)]+"( )g LS 2”)
_ 2 . 2
= %ﬁ{(%ﬂn) (k—1)+p1(1—nX)}+w (A.116)

The equilibrium payoff to an intermediary in this economy is

A2 o1 2
u X — _ — X — A.117
vY b; (71 2,01b1 k> 2 (rt k) ( )
and the equilibrium payoff to the input capital producer is v = —(kEKl iy Therefore, the
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social welfare attained in this economy with uninformed intermediation is

w'(pr) = v+ + v
X =kt A2 ; prt(1—m)X?
= o K?‘FPI) (K =1) + p1(1 = X)) | + ———77——
ﬂ _pun2 (ku _ 1)2
Tz XK+
(X =Kkt -1) N (k" —1)? N prt(1 — 1) X?
N 2K 2K 2\
(X =1k =1)  pn(1-m)X>?
= P + 73 , (A.118)

where the equilibrium input capital price k* is determined by Eq. (A.113) and (A.114).
Similar to our proof for Proposition 7, it can be easily shown that higher p; pushes up
equilibrium input capital price, i.e., ngl; > 0, Vo; > 0. Therefore, we have

w' (o) —w? = (PX -~V 1) | prd— mX* | (X -1)(k - 1) L ) X?

2K 2A 2K 2A
(X = 1) (k- k)
N 2K
0, (A.119)

where the last line uses the fact that 7X > 1 and k*(p;) > k*(0) = k“ for any p; > 0.
Therefore, we can conclude that under observable sellers” occupation identity in the as-
sets market, uninformed intermediation weakly improves social welfare—when interme-
diaries’ technology a is low, they do not operate if 7X < 1; when uninformed intermedi-
aries do operate in the economy, the social welfare is strictly improve. Bl

Ab.3. Calculations for indivisible asset trading

In this section, we provide calculations for model analysis under the alternative spec-
ification that assets produced and traded in the economy is indivisible. In contrast to the
partial retention of the assets brought to the asset market for sale in our model specifi-
cation in the main text, market illiquidity in trading indivisible assets is captured by the
occurrence of probabilistic retention of all assets brought in for sale.

For illustration, we analyze the market equilibrium arising in a direct trading economy
under indivisible asset trading. Now with indivisible asset trading, for any amount sy €
0, g¢] that a 6-type originator brings to the asset market for sale, with probability 1 — A
selling is successful and all assets brought in are sold, while with probability A sale fails
and the originator retains all these s, amount of assets.

Let us start with a L-type originator, who in equilibrium brings all produced assets
to the asset market for sale, i.e., s; = g, as under the divisible trading setting. Upon a
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L-type realization, an asset originator solves

op =max(1—A) phar  +Alxrqr — R(qr)] — kqr, (A.120)
‘7L v . ~ ~
sale succeeds sale fails

taking as given the equilibrium prices {p%,c}. The optimal production g1, chosen by an
L-type originator is then determined as

(1-A)p% +A[xy —R'(qr)] —k=0. (A.121)

Unlike in the setting with divisible asset trading, now an H-type will voluntarily hold
certain amount of produced and refrain from taking them to the asset market for sale.
More specifically, an asset originator who gets a H-type realization solves

vy = max(1—A) [XH(QH —sp) + phsa — R(qm — SH)] + Alxuqn — R(qn)] — kqn,

qHSH l < — -

-~

ale fail:
sale succeeds sale Iatls

(A.122)

in choosing his production and trading strategy {qp, sy }. The optimal sale amount sy, or
equivalently the voluntary retention g — sy chosen by a type H originator who produced
gy on date 0 is then determined as

R(qu —su) = xg — P4, (A.123)
and the optimal production gp is determined by
(1-A)p% +A[xg—R(qu)] —k=0. (A.124)

Accordingly, Bayesian consistency in the asset market trading implies that the equilib-
rium selling price pi is

TTSHXY + (1 — ﬂ)quL

A.125
sy + (1 — ﬂ)qL ( )

ph =

Under our quadratic functional forms, the optimal production by 6-type as characterized
by Eq. (A.121) and (A.124) becomes

1—A)pfh 4+ Axg — 218 — i, (A.126)
Pa 0
and the optimal selling by H-type is
1 d
E(qH—sH) =Xy — Pa. (A.127)

It can be shown that the equilibrium trading price with indivisible asset trading is higher
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than that associated with divisible assets. Intuitively, when produced assets are indivisi-
ble and retention cost is born on the entire amount of assets brought in once the sale fails,
the market-illiquidity based disciplining mechanism is even stronger due to the convexity
of retention cost function.
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