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Abstract

I propose a competitive asset pricing model based on the scarcity and hetero-
geneity of lenders. Expected excess returns on a given investment do not just
depend on the investment itself and the identity of the investor, but on aggregate
factors such as the whole distribution of investors’ wealth and borrowers’ wealth,
investors’ heterogeneity and borrowers’ heterogeneity. The model implies that ex-
pected returns have a common factor which cannot be traced to characteristics of
asset, or the investor holding this asset, unlike in both conventional asset pricing
and intermediary-based asset pricing. These asset pricing implications are obtained
by microfounding lenders’ technologies explicitly, in line with textbook models of
corporate finance and financial frictions, and allowing heterogeneity among them;
it is conceptually different from existing theories, in that it does not rely on risk
aversion or liquidity. Applications of the model to syndicated loans, private eq-
uity, and venture capital, where financial frictions are important are discussed: the
model explains some empirical facts which have previously been documented on
these markets.
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Introduction

Textbook finance theory is fundamentally based on investors’ risk aversion, which
creates a trade-off between return and risk. A basic prediction of asset pricing theory
is that assets which pay more in states where investors have low consumption or wealth
have higher expected returns on average, because of decreasing marginal utility. De-
spite its simplicity and theoretical appeal, this view of the return to capital has a hard
time explaining some important empirical facts. Riskless arbitrage opportunities, or
“fire sales”, sometimes appear, which is puzzling for any theory based on a trade-off be-
tween risk and return, and capital moves only slowly to arbitrage them (Duffie (2010)).
Average expected returns in the cross-section depend on “factors” other than aggre-
gate consumption or any other measure of systematic risk (Fama and French (1992)):
for example, distressed stocks have low prices and high expected returns (the “value”
premium). According to Cochrane (2011, 2017), a major proponent of the risk-return
approach to asset pricing, time series changes in expected returns are often still quite
challenging to rationalize in many markets using aggregate consumption.

Intermediary-based asset pricing models, such as He and Krishnamurthy (2013) or
Brunnermeier and Sannikov (2014), are also based on a risk-return trade-off, but applied
to risk-averse financial institutions. In this theory, households are altogether unable to
participate in financial markets, which explains the disconnect between the stochas-
tic discount factor of the representative investor and asset prices. However, financial
institutions are risk averse, and since they ultimately hold most of the capital stock,
their stochastic discount factor should be used for asset pricing. This approach has has
some empirical success: for example, the intermediary asset pricing factor of Adrian
et al. (2014) has had considerable success in pricing the main cross-sectional anoma-
lies of Fama and French (1992). He et al. (2017) show that corporate and sovereign
bonds are related to the equity capital ratio of primary dealers. Similarly, credit spreads
are more closely related to the distress of financial intermediaries than to consumption
related variables, as shown by Muir (2017) and Krishnamurthy and Muir (2017). Ap-
plying the risk-return trade-off to financial institutions however leaves some theoretical
and empirical questions unanswered. In particular, it is unclear in these models what
financial institutions do. There is a stark segmentation between intermediaries who
may participate in all markets, and households who participate in none. It is unclear
what the microfoundations for financial institutions’ risk aversion are, and why financial
institutions become more risk averse, not less, when they approach bankruptcy.'

This paper offers an alternative view of intermediary-based asset pricing. Instead of

!Cochrane (2017) views this as a major theoretical difficulty for intermediary-based asset pricing
models: “First, why do people get more risk averse as they approach bankruptcy, not less? (...) The
usual concern is therefore that people and businesses near bankruptcy have incentives to take too much
risk, not too little.”



assuming stark market segmentation, the paper seeks to microfound what intermediaries
do explicitly, in line with textbook models of corporate finance and financial frictions.
The main advantage of such an approach is that it does not rely on intermediaries’
risk aversion. Only some heterogeneity in financial intermediaries is needed: that may
be reflecting heterogeneity in monitoring technologies, in second-best use values of the
borrowers’ assets, or of recovery value in bankruptcy. At the same time, the theory has
several asset pricing implications in common with traditional intermediary-based asset
pricing, and can therefore relate to much of the evidence supportive of this theory. It
remains true that assets with a higher equilibrium covariance with intermediary lever-
age have higher expected returns on average, so that the theory is consistent with the
evidence supportive of intermediary-based asset pricing. However, the mechanism does
not rely on intermediaries’ risk aversion, but simply on supply and demand for finan-
cial expertise, and the scarcity thereof. This difference is not just conceptual but also
leads to distinctive empirical predictions: for example, apparently ‘riskless” arbitrage
opportunities, or “fire sales”, may open up when asset pricing is based on the scarcity of
financial expertise. In other words, identical securities in the Arrow-Debreu sense can
have different prices in equilibrium. This cannot happen with traditional intermediary-

based asset pricing.

The basic argument follows directly from any textbook model of financing frictions,
provided that there exists some heterogeneity on the side of investors. For instance,
assume that a mass of identical financially constrained borrowers are bidding com-
petitively for financing from both an expert investor, who has only limited financial
resources, and an unsophisticated investor. Further assume that the expert investor
can lend to borrowers, while requiring less “skin in the game” from them. This could
arise from higher expertise, allowing him to reduce the scope for shirking, or from a
better second-best use value of the asset, or a better ability to recover some value from
the asset in bankruptcy, etc. In equilibrium, borrowing with lower skin in the game
should be more expensive than borrowing with higher skin in the game. Otherwise all
borrowers would prefer to borrow with lower skin in the game, and markets would not
clear: indeed, provided that they have a productive technology, borrowers would ideally
like to lever up as much as possible. Therefore, the price of assets that experts invest in
should be lower than the price of assets that unsophisticated investor buy, everything
else equal. Lending with lower skin in the game should thus earn higher expected re-
turns. This means that assets with similar cash flows in all states of the world will have
different prices, depending on how much skin in the game the corresponding investors
require, a violation of no-arbitrage relations.

The reasoning is also very straightforward, and is only based on the supply and

demand for different levels of expertise, taking the form of heterogenous pledgeability



parameters, which also makes it quite general. In particular, it applies to many types
of contracting structures: debt, equity, or more complex contingencies. The previous
intuition can be generalized to a case where borrowers are heterogeneous as well. If
entrepreneurs have heterogeneous productivities, then expected returns do not just
make entrepreneurs indifferent between several types of contracts. Expected returns
on high leverage ratio loans are higher, so that only more productive entrepreneurs
want to borrow with higher leverage. Indeed, because of a complementarity between
leverage and productivity, the competitive equilibrium has positive sorting between high
productivity entrepreneurs and high expertise lenders. Expected returns correspond to
walrasian prices which sustain this allocation.

To summarize, according to this corporate finance view of asset pricing, expected
returns on assets may be determined by competition for scarce monitoring abilities,
among financially constrained borrowers. Heterogenous and time varying expected re-
turns correspond to the changing prices for different levels of financial expertise. In
this theory, it does not matter how much curvature financial intermediaries’ objective
functions have. The response of financial intermediaries’ risk aversion to shocks is
also irrelevant, for determining whether expected returns increase when balance sheets
are weak. In such a theory, expected returns increase when balance sheets are weak
just because competition for monitoring abilities becomes more fierce. Using minimal
ingredients, the model conveys the very simple idea that credit is more expensive (ex-
pected returns are higher), when credit supply is lower, or when demand for credit is
higher. Other determinants of expected returns include borrowers’ wealth, but also
intermediaries’ heterogeneity and borrowers’ heterogeneity. All these comparative stat-

ics exercises would be puzzling from the point of view of traditional asset pricing theory.

Finally, potential applications of this asset pricing model to different market seg-
ments are discussed. A first market where monitoring is most salient is the private
equity and venture capital market. I show that earlier evidence on these markets is
very supportive of the theory. In particular, venture capital fund returns have been
found to be very heterogeneous and persistent (Kaplan and Schoar (2005)). It has also
been shown that better venture capital funds are able to negotiate better average re-
turns ex-ante, by negotiating “better deal terms”, in industry parlance. This is direct
evidence supportive of the main message of this paper: asset prices can indeed reward
scarce expertise. A second potential application of the model concerns mutual fund
returns. If mutual funds do not just pick stocks but also vote in shareholder’s meetings
and are actively monitoring the companies they invest in (which can be more indirect,
such as voting with activist hedge funds), then the gross of fees performance of mutual
funds could also be coming from this return to financial expertise. However, the model

would also predict that net of fees, no particular alpha should be obtained, which is also



in line with the data. The third application concerns the public equity markets. I start
from Adrian et al. (2014), who document the ability of intermediary asset pricing model
to price equity portfolios (book to market, size, momentum) and ask what assumptions
in the model may allow to microfound this correlation. I show that to the extent that
small and distressed stocks are more likely to be held by experts, which could come
from higher financial constraints or higher importance of monitoring when firms are
“distressed”, then indeed the model can rationalize why these firms have higher returns,
and why their stock prices comove with intermediaries’ leverage. Finally, again moti-
vated by the evidence in favor of intermediary based asset pricing shown by He et al.
(2017), I similarly discuss the valuation of corporate and sovereign bonds through the
lens of the model. Again, the statements are conditional on monitoring and expertise
playing some role in these markets. Whether these factors are sufficiently important
to explain asset pricing puzzles quantitatively in those markets is more speculative and

left to future research.

The rest of the paper proceeds as follows. Section 1 reviews the literature. Section
2 presents the simplest possible asset pricing model without risk aversion, to get at
the main results of the paper. Section 3 endogenizes intermediaries’ financial capacity,
by allowing them to lever up. Section 4 builds a general equilibrium model with an
endogenous interest rate and an “occupational choice” for investors, who choose to be-
come borrowers or lenders. Section 5 discusses the applications of the model. Section

6 concludes.

1 Literature

Asset pricing based on risk aversion, or the mean-variance portfolio optimization, has
a long tradition in theoretical asset pricing (Markowitz (1952), Sharpe (1964), Lintner
(1965)). A very large literature in theoretical and empirical asset pricing has been
concerned with explaining the data through an appropriate choice of price processes
and investors’ preferences, so that the risk-return works quantitatively. The successes
and limitations of this research agenda are discussed in Cochrane (2011) and Cochrane
(2017). In this paper, I choose to abstract from these forces altogether, because the
main message of the paper is qualitative and conceptual.

The theory put forward in this paper is very closely related to intermediary-based
asset pricing. This theory notes that the marginal investor, for whom a risk-return
trade-off is operative, is typically a financial institution, whose stochastic discount factor
should therefore be determining asset prices. Therefore, the risk-return trade-off should
be applied to financial institutions’ preferences, rather than to households’ preferences.

This literature includes He and Krishnamurthy (2013), Brunnermeier and Sannikov



(2014). Adrian et al. (2014) and He et al. (2017) have shown that this theory is much
more successful at pricing the cross-section of assets. One open question in this literature
is to understand why intermediaries don’t hedge with consumers, as Krishnamurthy
(2003) and Di Tella (2017) have pointed out.

The paper also contributes to the large body of literature in corporate finance, corpo-
rate governance, and financial frictions, surveyed in Tirole (2006). This literature is very
rich, with Bernanke and Gertler (1989), Shleifer and Vishny (1992), Kiyotaki and Moore
(1997), Holmstrom and Tirole (1997), Holmstrom and Tirole (1998), and Bernanke et
al. (1999). The modeling in this paper is very similar to Moll (2014), in particular with
regards the assumption of linear technologies and heterogeneous entrepreneurs. To the
best of my knowledge, the asset pricing implications of these theories when lenders
are heterogeneous in efficiency, or second-best value uses are different, have not been
studied in these models. This addition of heterogeneity to financial frictions models is
the main contribution of the paper. The Liquidity Asset Pricing Model (LAPM) by
Holmstrom and Tirole (2001), has also looked at the implications of models of liquidity
for asset pricing, but from a liquidity premium perspective.

Finally, the paper borrows methods from hedonic pricing following Rosen (1974),
as the skin in the game parameter A plays the role of a priced characteristic. To the
best of my knowledge, this paper is the first which looks at the implication of models of
compensating differentials, and two-sided sorting models, for asset pricing in rational
models. The model is close to Geerolf (2015), who has investigated a similar sorting
model with behavioral agents entertaining different beliefs in the tradition of Lucas
(1978). The present model does not have a fixed asset supply, and the asset pricing
implications of the model are unambiguous, unlike in Geerolf (2015), where realized

returns may be too high or too low, depending on the bias in the belief distribution.

2 A stylized model of asset pricing without risk aversion

2.1 Basic setup

The model is in discrete time, and has two periods: t = 0,1. There are two types of
agents: borrowers (“entrepreneurs”), and lenders (“bankers”). To stay as close as possi-
ble to the literature on financial frictions, I assume that the two sides of the market are
predetermined: there are lenders on the one hand, and borrowers on the other hand.
Appendix D looks at a similar model with occupational choice: the results that follow

do not rely on ex-ante heterogeneous behavior.

Lenders. A mass of potential lenders (“loan officers”), born with wealth 1, allow

entrepreneurs to pledge a fraction A € [\, 5\] per invested unit in the project, with A < z.



This pledgeability, or skin in the game, parameter determines what fraction of the unit
investment may be pledged to outside investors. There is a density f(.) of these tech-
nologies, so that the number of lenders with pledgeability parameters in [\, A + d}] is
F)dA.

A key assumption that distinguishes this paper from the literature on financial
frictions is that pledgeability parameters A are heterogenous across lenders. Several
underlying frictions can give rise to such an agency wedge A. These frictions are the
subject of an important literature surveyed in Tirole (2006), and we shall take this

2 The most straightforward interpretation is

pledgeability parameter as given here.
perhaps one where lenders have heterogeneous recovery values, given by A. If A is the
value of the asset for the lender, then the borrower will always be able to renegotiate
the payment up to the lenders’ own valuation of the asset. Anticipating this, a lender
will only lend up to that valuation, that is, if a lender is able to extract a value A when
left with the asset, he will lend only A.

Other interpretations of underlying financial frictions equally give rise to lender het-
erogeneity. For example, in a limited commitment model, a borrower may be able to
“run away with” (or “steal”) an amount 1 — A\ per unit of asset. In this interpretation,
1 — X could depend on the borrower that the lender faces. A higher A banker (“a better

banker”) might be able to hold on to assets more efficiently, so that the lender may run

away with a smaller fraction of the asset.

Borrowers. There is also a continuum of borrowers (“entrepreneurs”), who are
endowed with a productivity level z € |z,Z], born with wealth 1, which is without
loss of generality.® This productivity level z determines the number of units of output
generated in period 1 when one unit of wealth is invested in period 0. The number of
entrepreneurs in [z, z 4+ dz] is given by g(z)dz. There is an outside investment technol-
ogy with a return equal to 1 4+ R, which is exogenously given — this assumption will be
relaxed in Appendix 4. I assume that entrepreneurs have a more productive use than
the outside investment technology so that z > 1+ R. However, the heterogeneity on the
side of borrowers is not needed for the main results, particularly for the asset pricing
implications of the model — see appendix B. That is, we could assume homogenous z,

with z = Z, as in Appendix B.

2These include limited commitment, private benefits of shirking, second-best use of the asset, incen-
tives to counter moral hazard, or recovery values in bankruptcy. This way of modeling the financing
friction is very standard in the literature; I refer the reader to Tirole (2006) for multiple justifications
of this agency friction, as well as for the microfoundations of more complex contracting structures -
such as block-holding, etc.

3The reason for why this is without loss of generality should be clear later. All technologies and con-
straints will be linear in wealth, and there will be a continuous distribution of entrepreneurs defined by
a density function f(z). This density function could therefore represent both how many entrepreneurs
there are at productivity z and also how much wealth they have.



Markets. Markets are competitive. Lenders and borrowers take prices as given.
Both lenders’ and borrowers’ types are observable. In this stylized model, lenders are
endowed with some wealth but may not use outside investment. This assumption is
made to keep as close as possible to textbook models of financing frictions (Tirole

(2006)). This assumption is relaxed in section 3.

2.2 Assumptions

Before proceeding to the equilibrium of this model, two assumptions are next made:

one is substantial, and the other one is technical.

Non-zero heterogeneity among lenders. First, I assume that there is a non-zero
heterogeneity among lenders: that is, the heterogeneity across lenders is not zero. This
assumption is one distinguishes this paper from the rest of the literature on financial
frictions, and so one cannot dispense with it. In terms of the primitives of the model,
this implies that the density function g(.) is not the density of a Dirac point distribution
at A = A,

Assumption 1. The distribution of pledgeability parameters \ is non degenerate.

As already mentioned, a similar assumption is not needed for borrowers, who need

not be heterogenous.

Abundant lending capacity. While the previous assumption is a substantial
assumption, this assumption is only a technical assumption. Anticipating the results
in the paper, I define the interest rate on the loan () as the amount A promised in
period 1 divided by the loan amount g(\) that borrowers get in period 0, when they

promise A. This interest rate is given by:

A
r(A) = m
Depending on the relative aggregate initial endowments of lenders and borrowers,
lenders with the lowest pledgeability parameter will be investing in the storage technol-
ogy or lending to entrepreneurs. If they are lending to entrepreneurs, then entrepreneurs
with the lowest productivity will not be able to lever up. Expected returns would be
even higher in this case because entrepreneurs would be competing for scarce lenders’

resources. In the following, I therefore make the following assumption, which implies

that there is no excess return on the lowest leverage ratio loan.



Assumption 2. Lenders have sufficient funds so that the outside technology is used in

equilibrium, which pins down the interest rate on the lowest leverage ratio loan:
r(A) =1+ R.

Unlike Assumption 1, Assumption 2 is not crucial for the main results. Again, the

reader is invited to refer to Appendix B for the case of homogeneous borrowers.

2.3 Equilibrium

Proposition 1 characterizes the equilibrium of the economy defined in section 2.3. The

implications, and its relationship to textbook asset pricing, is discussed in section 2.4.

Proposition 1. (Equilibrium) In equilibrium, there exists a threshold A, for the skin
in the game parameter, such that lenders with X\ > A\, lend to entrepreneurs, lenders
with A < Ay, tnvest in the outside technology. There is positive sorting between lenders
and entrepreneurs, such that lenders with the highest pledgeability parameter X lend
to the most productive entrepreneurs. Denoting by q(\) the price of promising A in
period 1, and by z()\) defined over [Am, | the increasing function matching lenders
to entrepreneurs, then \p,, q(\) and z(X\) satisfy the following set of two first-order

ordinary differential equations, and three algebraic equations:

(:(0) =N () = 1
(Vg (=(V) 7 (V) = (1= q(N) FN) 2)
(4) dm=(1+Ra0n)s (b)) 2N =2 () 2n)=2 3)

Proof. Proposition 1 is proved in several steps. Assumption 2 implies equation (3a):
Am = (14 R)q(Am)

The fact that a competitive equilibrium leads lenders with a relatively high skin in
the game parameter to lend to entrepreneurs is intuitive, as they allow to scale en-
trepreneurs’ investment upwards and leads to a higher productivity. Note also that
given positive sorting, the lenders with the highest (lowest) pledgeability parameter
lend to the entrepreneurs with the highest (lowest) productivity, which implies equa-
tions (3b) and (3c):
z(A)=2z and z(\p,) =z

Borrowers’ problem. At time ¢t = 1, the entrepreneur can produce z per unit of asset
invested in period 0. Since he promised to repay A in period 1, his profit is z — A per

unit of asset invested. The balance sheet for each unit of investment is represented on



Figure 9.

The size of the investment is also endogenous. The entrepreneur wants to invest the
maximum possible amount in his project - that is, each unit of wealth that he borrows
will be put to productive use in the project, none will be invested in storage. When
borrowing from a lender with a pledgeability parameter A, and denoting by ¢(\) the
price of such funds, he will therefore need to finance 1 — g(\) of the project through
his own funds. His profit in period 1 will therefore be equal to (z — A)/(1 — g(X)). The

balance sheet for each unit of wealth is represented on Figure 10.

The problem of the borrower will therefore be to choose the lender he is borrowing

from optimally to maximize his return on equity:
z—A
max

A =g\

Entrepreneurs’ return can be decomposed as follows:

Z-A aN ), A
1—q(A)_<1+1—q(A)> 1—q(})

U DR S (Y
AT [ q<A>] -4
z—A a(N)

Borrowed Funds
If the problem is interior, then this implies:

/ o z—A 1
—(1=gM))+dNE=A)=0 = BTSVRToVE

There is a straightforward economic intuition behind this optimality condition. In equi-
librium, the benefits of borrowing from a lender with a higher pledgeability parameter
are equal to the costs. For simplicity, it is simplest to think of this trade-off per unit
of investment, since the entrepreneurs’ problem is linear. It is also simplest to think
in term of income at time ¢ = 1. Borrowing from a marginally more productive lender
(A 4 dX rather than A, with dA > 0) allows the entrepreneur to raise dg(\) additional
units of funds. In equilibrium, the return from these additional funds are equal to the
entrepreneurs’ expected return, and therefore raising dg(\) more in period 0 allows to

get dg(A) * (z — A)/(1 — ¢(A\)) more in period 1. The cost comes from having to repay

10



more in period 1, d\ more:

z=A z—=A 1
dg(\) SN = = S
\Q 1—q(}) ~~ 1—q(\) ¢\
Extra Funds N—— Extra Ripayment

t=0 Return on wealth
=0 to t=

This proves equation (1).

Positive sorting. From the return on wealth obtained by an entrepreneur with
productivity z, borrowing from lenders with pledgeability parameter A\, which is also

equal to the quantity of output produced Q(\, z), given by:

QN 2) = 1_7(1()\)

There is a positive cross-partial of this amount with respect to the productivity of the

entrepreneur and that of the lender as:

?Q\2) _  d\W)

oAz (1= g2 "

where ¢'(\) > 0 comes from entrepreneurs’ optimization problem. No entrepreneur
would ever be willing to borrow from a more productive lender, who requires a higher
amount of repayment (\), if that lender did not as well provide more funds ex-ante.
There is positive sorting in equilibrium. Denote by z(\) the matching between lenders
and entrepreneurs. That is, for each productivity level of lenders A, the matching func-
tion associates the productivity of the entrepreneur it lends to (all entrepreneurs of such
type are identical, so it is sufficient to describe the equilibrium). In an interval [A, A\+d\]
of such lenders, the number of units of investment that they allow entrepreneurs to buy
is given by g(A)dA/q()), by definition of the density function. The number of units
of investment that entrepreneurs can buy in an interval [z, z 4+ dz] is in turn given by
f(z)dz/ (1 — q(\)). Thus, finally the resource constraint gives a first order differential

equation as follows:

g(N)dA _ f(z)dz
q(N) 1—q(N)

iy L=aq(N) g\
=Ty RO

This proves equation (2).
g

A first-order ordinary differential equation and an algebraic equation is an initial
value problem. Thus, proposition 1 contains two initial value problems and one algebraic

equation, which jointly determine A, ¢(A) and z(\) .
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2.4 Implications for asset pricing

Proposition 1 is the main result of the paper. This proposition derives an equilibrium
with heterogenous lenders and borrowers, in which heterogenous interest rates are mar-
ket clearing prices between borrowers and lenders. In this theory, asset pricing is neither
determined by different expected cash flows, nor by risk aversion, but corresponds to

the scarcity of various monitoring technologies. One can state a number of corollaries.

No arbitrage relations. A first corollary is that no arbitrage relationships seem
violated in this model: indeed, the model is deterministic, so that there is only one
state of the world. Yet different securities, which lead to similar cash flows in this only
state of the world, have different expected returns. From the point of view of traditional

finance theory, this would be considered a violation of no-arbitrage.

Corollary 1. In equilibrium, there is a violation of no arbitrage, according to the usual
finance definition: similar cash flows have different prices in the same state of the world.

There is no unique price for Arrow-Debreu securities.

Corollary 1 is important because the assumption because no arbitrage is an impor-
tant component of finance theory. For example, this assumption is crucial in demon-
strating the existence of a stochastic discount factor.*

At the same time, this is not a feasible arbitrage in the context of the model,
although it would be defined as an arbitrage using the usual definition. A high A lender
has his wealth already fully committed in high A\ contracts, and the extreme financial
constraint he is facing does not allow him to take a larger position. In contrast, a low A
agent could in principle sell his low A contracts and buy high A contracts, which would
allow him to earn a higher expected return. However given that his technology is in
fact of a lower A type, he would not be able to get the full value from such a contract,
so that his return would not be r(X).

What is key for apparent violation of arbitrage is that the econometrician might
not take into account that different securities have different implied skin in the game,
and that therefore they cannot be bought by any investor. According to this theory, a
rationale for an apparent arbitrage opportunities comes from unobserved heterogeneity
in A

Comparative statics: lenders’ and borrowers’ aggregate wealth. A second

implication of proposition 1 is that expected returns are negatively related to lenders’

4For example, a definition of no arbitrage is given in Cochrane (2009): “A payoff space X and pricing
function p(z) leave no arbitrage opportunities if every payoff = that is always nonnegative, > 0 (almost
surely), and positive, z > 0, with some positive probability, has positive price, p(z) > 0.” No arbitrage
is defined as a constraint on the payoff space such that all positive payoffs must have a positive price.
In particular, no arbitrage implies that there is a law of one price for Arrow-Debreu securities.

12



aggregate wealth.

Rhese comparative static exercises only rely on supply and demand for funds with
different pledgeability parameters (different ). It does not rely on intermediaries be-
coming more risk averse as they lose wealth — which relies on some assumptions.

At the same time, the theory has several asset pricing implications in common with
traditional intermediary-based asset pricing, and can therefore relate to much of the ev-
idence supportive of this theory. Quite coincidentally, it remains true that assets with a
higher equilibrium covariance with intermediary leverage have higher expected returns
on average. However, the mechanism does not rely on intermediaries’ risk aversion, but

simply on supply and demand for financial expertise.

Comparative statics: lenders’ individual wealth. A third implication of
proposition 1. This is consistent with Collin-Dufresne et al. (2001), who document
that monthly credit spread changes on corporate bonds “are primarily driven by local
supply /demand shocks that are independent of both credit-risk factors and standard
proxies for liquidity.” These comparative statics are more standard, even though they

are quite different from intermediary-based asset pricing.

Corollary 2. (Comparative statics with respect to other lenders’ wealth) The model also
predicts that in fact, everyone’s wealth, both lenders’ and entrepreneurs”, have impacts
on expected return. In particular, this means that shocks that happen to other parts of

the financial sector should have an impact on assets that unaffected banks hold.

2.5 Illustration with a uniform density

In the case of a uniform density function, the equations in Proposition 1 have a closed-
form solution. I solve for this case first, since the message of the paper is mostly
conceptual. I then study the comparative statics of this model, illustrating the results
using this particular density function.

Section 2.4 reflects further on these comparative static exercises, which are very
different from those derived in textbook asset pricing. What matters for asset pricing in
this model is the dispersion of productivities, the dispersion of monitoring technologies,

the relative wealth of borrowers and lenders, etc.

Lemma 1. (Uniform density) Assume a uniform density of lenders over [\, \] given by

g(A\) = A, and a uniform density of entrepreneurs over [z, z| given by f(z) = Z. Define:

Then the interest rate function and the matching function are given as a function



of C1 and Cy by:

r(\) = A () :A+Ci[(1+a)A—cl]l%a—[<1+a)x—cl},

Col(1+a))— Cy]THe >

where C1,Cy and Ay, are solutions of a system of three equations:

Am =(1 4+ R)Ca [(1 + a)Am — Cy] T+

]. _a
2=dm+ A (L4 a)Am = G = [(1 4 a)Am = C1
2

z:mclz[(1+a>x_cl]1ia_[(1+a>x_cl]

Proof. The derivation of these expressions uses elementary algebra, starting from two
first-order ordinary differential equations (1) and (2), which are solved up to two con-
stants C1 and C5. Solving these two equations in closed form relies on a change of vari-
able involving the natural logarithm of g(A) = A\/r(\), denoted by u(\) = log (g(\)).
Cy, Cy and A, are then a solution to equations (3a), (3b) and (3c). Appendix A.l
provides all the details. O

Comparative statics. Figure 1 plots the matching function z(\), with the following

parameters values:

A=04, A=06, z=12 z=15.

Note: The matching function from lenders’ efficiency A to entrepreneurs’ productivity z = z(A)

is plotted for the following parameter values: A = 0.4, A = 0.6, z = 1.2, z = 1.5, and different
values of a.
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Figure 2: MATCHING FUNCTION, f = BETA(2,2), g = UNIFORM

Note: The matching function from lenders’ efficiency A to entrepreneurs’ productivity z = z(A)
is plotted for the following parameter values: A = 0.4, A = 0.6, z = 1.2, z = 1.5, and different
values of a.

Figure 3: EXPECTED RETURNS, f = UNIFORM, g = UNIFORM
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Note: Interest rate spreads r(A\) — 1 are plotted as a function of loans’ face value for the

following parameter values: A = 0.4, A = 0.6, z = 1.2, Z = 1.5, and different values of a.
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Figure 4: EXPECTED RETURNS, f = BETA(2,2), g = UNIFORM
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Note: Interest rate spreads r(\) — 1 are plotted as a function of loans’ face value for the

following parameter values: A = 0.4, A = 0.6, z = 1.2, Z = 1.5, and different values of a.

Figure 5: LoG EXPECTED RETURNS, f = UNIFORM, g = UNIFORM
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Note: Log Interest rate spreads log(r(A\) — 1) are plotted for the following parameter values:

A=0.4, A=0.6, z=1.2, z = 1.5, and different values of a.
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Figure 6: LoG EXPECTED RETURNS, f = BETA(2,2), g = UNIFORM
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Note: Log Interest rate spreads log(r(A) — 1) are plotted for the following parameter values:

0.4, \=0.6, z = 1.2, Z = 1.5, and different values of a.

A=

Figure 7: BORROWERS’ EXCESS RETURNS, f = UNIFORM, g = UNIFORM
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Note: Borrowers’ excess returns (z(A)—A)/(1—¢q(\))—1 are plotted for the following parameter

0.6, z = 1.2, z = 1.5, and different values of a.
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Figure 8: BORROWERS’ EXCESS RETURNS, f = BETA(2,2), ¢ = UNIFORM

90%

80%

70%

60%

Borrower's excess returns

50%

40%

Note: Borrowers’ excess returns (z(A)—\)/(1—¢(A\))—1 are plotted for the following parameter

values: A =0.4, A =0.6, z = 1.2, z = 1.5, and different values of a.

2.6 Scarce labor or time

In the setup presented in section 2.1, lenders can only lend up to their initial endowment.
The next section provides one foundation for such a constraint: lenders may be subject
to the same financial frictions as entrepreneurs. However, another type of constraint
may perhaps simply arise from the fact that financial expertise is not just a rent, but
also requires the financier to supply some labor.

Although some elasticity of substitution could be assumed between money and labor,
one can assume a Leontief technology for illustration, which measures the number of
units of financial services that are provided. This Leontief technology would then reflect
how much financial expertise, as well as how much labor, must be provided in order to

produce financial services:
y(A 1)) = min {\, 1)}

With such a technology, provided that available capital does not bind, then capital
has a zero marginal return if more labor is not provided. Thus, one reason why inter-
mediaries with a monitoring technology equal to A may be constrained, is simply that
this expertise is embodied in individuals who have only limited time or labor (think of
loan officers for example, who have a lot of experience).

The model thus may provide a new interpretation for fire sales. In Shleifer and
Vishny (1992), fire sales rely on decreasing marginal values of second-best uses as more

assets are sold on the market. Another line of research has investigated the role of
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search frictions in reallocating assets to natural buyers in times of high selling pressure
(Weill (2007)). This “slow moving capital” (Duffie (2010)) may explain why in many
markets, such as catastrophe risk insurance, the dynamic of premia are mainly driven
by shocks to the capital levels of insurers. The present model provides a new way to

think about why capital does not immediately flow to apparent trading opportunities.

3 Endogenous intermediary leverage

In 2, I have exogenously imposed that lenders could not lever up. In this section, I relax

this assumption and endogenize lenders’ leverage.

Proposition 2. (Equilibrium) In equilibrium, there exist two cutoffs Aim, Nom for the
pledgeability parameter, two matching functions z(A\) defined over [A1m, A], and A\(\') de-
fined over [Aam, Am] and two bond pricing functions defined over [Am, A and [Aam, Am]

such that:

e Potential lenders are split into three intervals:

— Potential lenders with A € [\, Aoy tnvest in the outside technology with R =
1.

— Potential lenders with X\ € [Aam, Aim] lend to lenders to entrepreneurs.

— Potential lenders with X € [Aim, A| lend directly to entrepreneurs.

o There is positive sorting between lenders and entrepreneurs, and lenders to lenders
and lenders, such that lenders with the highest pledgeability parameter X lend to the
most productive entrepreneurs, and lenders to lenders with the highest pledgeability
parameter lend to the lenders with the highest pledgeability parameter. These
correspondence from X\ to z and N to A are denoted z(\) and N(X\). Positive
sorting implies: z'(X) > 0 and (dA\/d\')(N') > 0.

e The matching functions z(X), M(X') , and the bond pricing functions q1(\) and
q2(N') are such that:

() -~V =1 () (1
(Mg (:(0) () = (1 = @ () FO) o)
(= X)) = () ~ a2(X) (©
BT () () = (0(3) — (V) FOV) @




Proposition 2 is proved in several steps. Assumption 2 implies directly:

2(A2m) = Aom

Given positive sorting, the lenders with the highest (lowest) pledgeability parameter
lend to the entrepreneurs with the highest (lowest) productivity:

z(A) =z and z(Aip) = z.
There is also positive sorting between lenders to lenders and lenders, so that:
AA2m) = A and A1) = A
Indifference for agents with pledgeability parameter A\i.,:

)\1m 5\ - )\1m

©Am) @A) — g2(Aim)’

Borrowers’ problem. Entrepreneurs’ problem is given by:

ma zZ— A
X —.
A 1—q1(/\)

If the problem is interior, then this implies:

, z—=XA 1
SO HAMGE-N =0 = s

Lenders’ problem. Lenders’ problem is given by:

i =N
A S
oA = qgN)

If the problem is interior, then this implies:

/ N AN )‘_)‘/ o 1
_(Q1()‘)_Q2(>‘))+QQ()‘)()‘_)‘)_O = Q1()\)—QQ()\/)7(]§()\/).

Positive sorting. There is positive sorting between entrepreneurs and lenders, but
also between lenders lending directly to entrepreneurs, and lenders lending to lenders.

The resource constraint gives a first order differential equation as follows:

f)dx _ f(z)dz
() L—q(N)

o Ta) FO)
=700 TR0
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A second resource constraint similarly equates:

fX)dX_ f(N)dA N (V) = a1(A) = e(N) fF(N)
q2(\) a1(A) — @2(N) dx q2(\) f) '

4 General Equilibrium: occupational choice and endoge-

nous safe interest rate

4.1 Setup

The setup is similar to that which is described in Section 2, except that borrowers and
lenders decide on borrowing and lending endogenously, depending on their respective
productivities. The model has two periods: t = 0,1. There is a continuum of agents,
born with different productivities z € [z, z]. There is an outside investment technology
with a return 1+ R, such that (1 4+ R) €]z, z[. The number of agents with productivity
z is given by f(z)dz. When they become entrepreneurs, agents operate with produc-
tivity z. When they lend instead, z stands in for the pledgeability parameter. A very
natural interpretation is that conditional on default, the lender would be constrained
to operate the asset himself. Therefore, how much the borrower can credibly pledge
to the lender is what the lender’s own productivity is at operating the asset (Hart and
Moore (1994)). Finally, I assume that the distribution of productivities has full support
on [z, z]. Proposition D characterizes the equilibrium with occupational choice.

The setup is similar to that described in Section D, except that the outside storage
technology is public debt, whose amount sold is exogenously given by B (one can think
for example that the government needs to raise a given amount of funds). I assume
that the amount of public debt sold is lower than the total amount of total available

saving:

B< / i f(2)dz.

As previously, the amount of saving does not depend on the interest rate.

4.2 Equilibrium

Proposition. (General equilibrium) There ezist two thresholds Ay, and z,, for produc-
tivity, such that agents with z > z,, become borrowers, agents with A\, < z < 2, become
lenders and agents with A < X, tnvest in public debt. There is positive sorting between
lenders and entrepreneurs, such that lenders with the highest pledgeability parameter A
lend to the most productive entrepreneurs. Denoting by 1 + R the endogenous interest
rate on public debt, q(\) the price of promising X in period 1, and by z(\) defined over

[Am, 2m] the increasing function matching lenders to entrepreneurs, then \p,, zm, R,
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q(X) and z(\) satisfy the following set of equations:

(z(N) =N d(N) =1-q(N)
g\ f (2(N) 2'(A) = (1= q(N) fF(N)
(@) Am=1+R)qN\n), (b) z(zm)=2, (8)

)
Zm — Am
(©) 2Om) =20 (@) 2= 2 an) (¢) [ f(e)dz = B.

Proof. The ordinary differential equations, as well as equations (8a), (8b), (8c) and
(8d) can be derived as for Proposition D. Equation (8b) results from market clearing

for saving: agents with z € [z, \;,] invest in public debt. O

4.3 Comparative statics

Uniform density. Again, the case of a uniform density function allows to get some
intuition for the model. Denote f(z) = Z. Then, the matching function z(\) and the

pricing function ¢(\) are given by:

q(A\) = Ca/ (1 +a)X = (1,
2N = A+ AT —Cr - [(1+a)A - C4].

Co

Finally, C1, Ca, Am, 2m, and R solve equations (8a), (8b), (8c), (8d) and (8e) with

q(.) and z(.) given by these two expressions.

4.4 Asset pricing implications

Comparative statics with respect to the dispersion in returns. The compar-
ative statics exercise with respect to B in the model correspond to the exercise in
Krishnamurthy and Vissing-Jorgensen (2012), which is replicated on Figure 17 and on
Figure 18. They show that the spread between AAA corporate bonds and Treasuries
is a decreasing function of the amount of public debt. They interpret it as a money
demand curve: the less public debt there is, the more valued it becomes and therefore
the more expensive it is (public debt is more expensive when its yield is further below
the return on AAA corporate bonds). This model provides a different interpretation.
In this model, a higher level of public debt implies less dispersion in expected returns in
general, because entrepreneurs’ returns are not as different when fewer of them produce

(only the most productive are able to produce).

Comparative statics with respect to the safe interest rate R. When B
increases, the safe interest rate R increases, which is standard. In typical models, it

arises from a declining marginal product of capital. Here in contrast, there is a linear
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technology but there are financial constraints and heterogeneous entrepreneurs, so that

the marginal project declines in productivity as more capital is being invested.

5 Applications

I next provide some candidate applications of the above asset pricing model to different
segments of the financial markets. Section 5.1 looks at closely held investments, such
as private equity and venture capital. Section 5.3 relates the findings in the model to
those that have been previously documented for mutual funds. The last two sections
are more speculative, and more work is needed to investigate whether asset pricing
might indeed be determined by the scarcity of expertise in all of these markets. Section
5.4 interprets the evidence in Adrian et al. (2014) about public equity markets, which
has been related to intermediary-based asset pricing, in the light of this model. Finally,
section 5.5 similarly relates the behavior of corporate bonds to intermediary-based asset

pricing, as in He et al. (2017).

5.1 Private equity and venture capital

A first piece of evidence, which is supportive of the main mechanisms highlighted in
the paper comes from the private equity market, and particularly from Venture Capital
(VC) funds. This is probably where investors’ monitoring is most visible. According to
Hall and Woodward (2010), “general partners (...) arrange financing and supervise the

startup company by holding board seats.”

Fact 1. (Heterogeneity and persistence in returns across VC investors) Substantial
heterogeneity in returns across venture capital funds exist, and persist over time (Kaplan
and Schoar (2005)).

This observation by Kaplan and Schoar (2005) is what the stylized model presented
in section 2 predicts. Higher A investors tend to finance more productive entrepreneurs,
who sell claims to their future payoff z given by A at a lower price g(\) and therefore
earn a higher expected return r(\). To the extent that A is a persistent characteris-
tic of VC investors, then these returns will also be persistent. Moreover, Kaplan and
Schoar (2005) provide an explanation which is in line with the intuition developed in
this paper. They assert that “underlying heterogeneity in the skill and quality of Gen-
eral Partners could lead to heterogeneity in performance and to more persistence if new
entrants cannot compete effectively with existing funds.” They also conjecture that “a
startup would be willing to accept to these terms if some investors provided superior
management, advisory, or reputational inputs.” Similarly, Bottazzi et al. (2008) report
that “venture capital firms with partners that have prior business experience are more

active recruiting managers and directors, helping with fundraising, and interacting more
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frequently with their portfolio companies.” Finally, Sgrensen (2007) shows that experi-
enced Venture Capitalists invest in better companies. These comments correspond to

the main economic forces at play in the model of section 2.

Fact 2. (Better Venture Capitalists have higher expected returns) Better venture cap-

italists get better deal terms (lower valuations) when negotiating with startups. (Hsu

(2004))

Hsu (2004) show that better Venture Capitalists get better deal terms (lower val-
uations) when negotiating with startups. According to Hsu (2004), high-reputation
Venture Capitalists acquire start-up equity at a 10-14% discount. Once again, these
empirical facts are very consistent with the model presented in section 2. Indeed, higher
A investors do acquire equity at a discount compared to the initial face value, given by

q(A) = A/r(A) where the discount is given by the equilibrium expected return r(\).

5.2 Syndicated loans

The model allows to rationalize practitioners’ observation that credit spreads mostly
depend on the basic laws of supply and demand in the market, which have no obvious
counterpart in traditional asset pricing theory (where prices should only depend on
the stochastic discount factor of the representative investor. For example, in Standard
and Poor’s a Guide to the Loan market: “In pricing loans to institutional investors,
it’s a matter of the spread of the loan relative to credit quality and market-based
factors. This second category can be divided into liquidity and market technicals (i.e.,
supply /demand)/ Market technicals, or supply relative to demand, is a matter of simple
economics. If there are a lot of dollars chasing little product, then, naturally, issuers
will be able to command lower spread. If, however, the opposite is true, then spread

will need to increase for loans to clear the market.”

5.3 Mutual funds

A second potential application of the model concerns mutual fund returns. The closest
model to this market structure is presented in Appendix E. The assumption there
would be that mutual funds are the experts, and that investors in mutual funds are
uninformed investors. For example, mutual funds may not just pick stocks but can also
vote in shareholder’s meetings and are actively monitoring the companies they invest in
— which can be more indirect, such as voting with activist hedge funds. Then the gross
of fees performance of mutual funds could also be coming from this return to financial
expertise. Their investments would bring them more returns, as an equilibrium reward
to their higher A\. Berk and Green (2004) describe the fact that mutual funds are highly

compensated “one of the central mysteries facing financial economics.”
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Fact 3. (High compensation of mutual funds) Mutual funds are highly rewarded, despite
the apparent fierce competition between them. (Berk and Green (2004))

By contrast, the model presented in this paper would suggest that these rewards
are driven by fair market prices for scarce expert services.

Moreover, Carhart (1997) note that some mutual funds benefit from momentum
strategies, not because they actively pick last year’s winners, but because they happen

to have a high exposure in last year winning stocks .

Fact 4. Funds that earn higher one-year returns do so not because fund managers
successfully follow momentum strategies, but because some mutual funds just happen by

chance to hold relatively larger positions in last year’s winning stocks. (Carhart (1997))

If one believes that expertise is somewhat persistent, then some expert mutual funds
would hold relatively larger positions in assets that have higher expected returns, just
because they are the source of these higher expected returns. They would hold on to

that portfolio, because monitoring is also persistent.

5.4 Public equity markets

A third application concerns the public equity markets. I start from Adrian et al.
(2014), who document the ability of intermediary asset pricing model to price equity
portfolios (book to market, size, momentum) and ask what assumptions in the model

may allow to microfound this correlation.

Fact 5. (Intermediary leverage factor and Fama and French (1992) portfolios) Higher
covariance of Fama and French (1992) equity portfolios (book-to-market and size) with
broker dealer leverage is correlated with higher expected returns (Adrian et al. (2014)).

The question is whether stocks of small firms and high book to market firms are
more likely to be held by experts. This is possible, as it could come from higher financial
constraints or higher importance of monitoring when firms are “distressed”. Then the
model would be able to explain why these firms have higher returns, and why their
stock prices comove with intermediaries’ leverage. This is a testable proposition. Note
that the view that only intermediaries can buy the Fama and French (1992) portfolios
is implicit in Adrian et al. (2014)’s approach.

Fact 6. (intermediary leverage factor and Jegadeesh and Titman (1993) momentum)
Higher covariance of Jegadeesh and Titman (1993) momentum with broker dealer lever-

age 1is correlated with higher expected returns (Adrian et al. (2014)).

The hypothesis that expected returns reflect the price of expertise is also consistent

with observing a momentum effect in stocks. Indeed, if monitoring is persistent, then
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stocks that are monitored will persistently earn higher expected returns. For the same
reason, these stocks’ expected returns will be more correlated with broker dealer lever-
age, and so it will look like intermediary leverage is a priced factor. Once again, Adrian
et al. (2014)’s evidence on the link between momentum and the intermediary leverage
factor can be rationalized through the model.

Note also that the Fama and French (2015) 5-factor model includes investment and
profitability factors. The explanatory power of the intermediary leverage factor has
however not been established for these portfolios. However, one can hypothesize that
stocks with higher profitability have higher expected returns, because of the positive
sorting result in Proposition 1. Similarly, the observation that stocks of firms with more
conservative investment behavior have higher expected returns can be rationalized in
the context of the present model. These firms are likely more financially constrained
— and thus, their financing is subject to the type of mechanisms which have been put

forward in this paper. These questions are left to future research.

5.5 Corporate bonds and sovereign debt

Finally, motivated by the evidence in favor of intermediary based asset pricing shown

by He et al. (2017), I now discuss the valuation of corporate and sovereign bonds.

Fact 7. (Intermediary leverage factor and corporate bonds) Higher covariance of cor-
porate bond prices with intermediary leverage is correlated with higher expected returns
(He et al. (2017)).

Again, the following statements are somewhat speculative and conditional on mon-
itoring and expertise playing some role in these markets. In the case of corporate bond
investors, the corresponding special type of expertise could consist in approaching the
distressed firms and giving them advice, which would be akin to monitoring services.
For defaulted corporate bonds, it might involve having vulture investors buying cor-
porate bonds at discounted prices (see Lewis (2016)). Similarly, for sovereign bonds,
one could think that vulture hedge funds would have different abilities to sue default-
ing governments in various jurisdictions, and thereby have different expected recovery
values on the same bonds.

This interpretation of corporate bonds could potentially help explain the puzzling
observation from Collin-Dufresne et al. (2001), who document that monthly credit
spread changes on corporate bonds “are primarily driven by local supply /demand shocks
that are independent of both credit-risk factors and standard proxies for liquidity.”
Again, the model in section 2 gives a role for supply/demand shocks to drive expected

returns. But once again, more research is required to shed light on these issues.
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6 Conclusion

This paper has developed a theory of asset pricing without risk aversion, in which
asset prices reflect the relative prices of scarce monitoring technologies. In this model,
cash is valued differently depending on the financial constraints that are attached to
it. Expected returns on one unit of wealth are heterogeneous depending on monitoring
technologies, and thus, who holds the asset. In such a model, a financial economist who
does not understand that there exists different monitoring technologies across agents,
might wrongly conclude on violations of arbitrage. Equivalent promises of cash at
the same time and in similar states of the world have different expected returns, only
because these assets are held by investors with different monitoring technologies.

The purpose of this paper was mostly qualitative and conceptual. However, the
heterogeneity in expected returns has been shown to have the same order of magnitude
as the dispersion of productivities. From earlier work on misallocation and productivity
heterogeneity, these order of magnitudes may be substantial, perhaps in the order of
30%. I leave a proper calibration to future work.

Section 5 has provided direct evidence that these asset pricing effects are present
in the private equity and venture capital markets. In this industry, it is well-known
that better venture capital funds do get better deal terms, which means that indeed,
expertise is priced in the form of higher expected returns. I have also discussed the cases
of mutual funds, public equity markets, as well as corporate and sovereign debt, where
the evidence is much less direct, but where the relevance of the theory is plausible.
More research needs to be done in order to determine in which of these excess returns

indeed correspond to the returns to financial expertise.
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A Proofs

A.1 Proof of Lemma 1

Proof. Assuming:

A
fGEW) 2
Equation (2) of Proposition 1 implies:
/ 1- Q(A)
=70
Equation (1) implies:
iy _ L—a(N) L = L) S = 1. —CN? =" (N~ g(V)
1- Q()‘) _ q”()\)(l - Q(/\)) " 1I\N\2
> Ly YT T goE T (Mg(A) +ag'(A)” =

thus, using ¢ as a shorthand for function ¢(\):

q// q/2
¢"qg+ad?> =0 = T —0.

Using the change of variable u = log(q):

Therefore:

— = —au = o' =—(a+1)u”

then, the previous differential equation simplifies into:
" 12 uN 1
v+ (a+1)u"=0 = —ﬁ:a—&—l = J:(a—&—l))\—Cl
1
!/

R s v

= 1+alog[(a+1))\—01]+1og02

= 4N = exp[uA)] = Co [(1 + a)A = Ch] e

Expected returns are thus given in closed form by:
A A
—.

r(A) = an Co [(1+ a)\ — Cy] T

The ¢'(A) function in the uniform case is:
¢\ = Ca[(1+a))— Cy) ==
Note that the matching function z(.) can be written only as a function of ¢(.):

1—q(N)

q'(A)
1—Cy[(1+a)X—Cy]™a
Co[(1+a)X — Cy] Tt

A=At g (@ — O™ — [+ — ).
2

z(A) =2+

=\+
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Finally, C7,C5 and A, are given by substituting in equations (3a) , (3b) and (3c):

This proves Lemma 1. O

A.2 Example: a =1
Assuming A = Z, then a = 1. From equation (3a) and substituting a = 1:

2
CQm:)‘m = Cy :2)\m— <)gn> .
2

From equation (3b):

1 LA ()
Am + — 2/\m—01—(2)\m—01):§ = >\m+—(> =z

Cy Cy Cy Cy
Am — A2 Am — A2
= 2_2m Zmo — [ 2m Tm
02 é_)\m CZ é_)\m '

Substituting in the previous equation:

zZ—A 2\, /\2
R T w i b e we
Therefore: )
25\ — Cl =2 (5\ - )\m) + f:i)\m)\m
From equation (3c):
1 = 1
)\+C—\/2)\701 (2)\ 01 = = 2\- lea A-Ci+z2—-A=0
2 2

N ,*)\nz 77)‘m — N
= 2(/\—/\m)+ Am 1/ —)\2\/ A=A )\m)\ +z-A=0.

Am has a closed form solution from this last equation. Since Cy and Cs are closed form functions
of A\, so are they. Thus () and z(\) also have closed form solutions.

A.3 Example: a =0

Assuming Z = +o0, then a = 0. From equation (3a) and substituting a = 0:

Am
Cy (2)\m_01):)\m = Cy =2\, — —.
Cs
From equation (3b):
1+—-2\,-C1)=2z2 = 1+———7=2z2 = (3= .
* Cy ( 1) & + Cy Cy & 2 z—1
Substituting in the previous equation:
z—1 220, —Z+ 1
= 2 —
Cl )\m — )\m )\m Cl 1_ )\m m
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Therefore:

From equation (3c):

-1 - . -z - z—1 _
A+52—(2A—Cl):z = A+1_Am—<2(/\—/\m)+ Am>_z

= A+(E-1)-20=-Ap)=2 = A,=

C7 and C5 are given as a function of primitives by:

A—zZ+1- 12—X
G=—3 N =57

B Homogeneous borrowers

As explained in the introduction of Section 2, the setup described in section 2.1 is not quite
the simplest one to get at the main results of the paper. This section presents an even simpler
model which does assume any heterogeneity across borrowers. This section illustrates that in
fact, the results on expected returns do not rely on sorting.

The setup is similar to that which is described in Section 2. The model has two periods:
t =0,1. There is a continuum of entrepreneurs (“borrowers”), who are endowed with the same
productivity level, and all born with wealth 1. The measure of these entrepreneurs is denoted
by Z. The corresponding economic object in the setup of section 2 is:

There is an outside investment technology with a return equal to 1 + R. It is assumed that
entrepreneurs have a more productive use than the outside investment technology so that
z> 1+ R. A mass of potential lenders allow entrepreneurs to pledge a fraction A € [\, A] per
invested unit of the project, with A < 1. The mass of lenders with skin in the game parameters
in [A, A+ d}] is given by f(A)dA. Assumption 2 holds: lenders have sufficient funds so that the
outside technology is used in equilibrium.

Proposition. In equilibrium, lenders with X\ > X, lend to entrepreneurs, and lenders with
A < A\, invest in the storage technology. The threshold \,, and pricing function q(\) are given
for A € [Am, A] by the following set of equations:

—(1=qN)+dN(z=A) =0,

Mg _
Z_/Am ST and (14 R)ah) = A

Borrowers’ problem. Assuming homogeneous borrowers with productivity z, the problem of
choosing a lender is given by:

z—A
Ty
This equation implies an indifference condition across A: the expected return of a borrower
(z—=A)/ (1 — g(N)) is constant regardless of his choice of A, so that in equilibrium he is indifferent.
This indifference condition applies both across A for the same entrepreneur, as well as across
entrepreneurs, since they all have the same productivity. Similarly, this leads to a first-order
differential equation:

—1=—qgM\))+dN(z=N)=0 = " -
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Under Assumption 2:
rAn)=14+R = (14 R)qA\n) = An-

Finally, aggregate resources of entrepreneurs are given by Z. When they borrow from a lender
who allows them to have a skin in the game A, they must provide an amount of funds equal
to 1 — g(\) for each asset that they buy. How many assets they buy from lenders in interval
[A\, A\ + d)] is given by f(A)dA/q(X), the wealth of lenders in that interval divided by the unit

price of a loan. Therefore: .
b
1—q())
z- / 224 ronan
A 4(N)
This set of equations allows to characterize the equilibrium. Indeed, the above ordinary differ-

ential equation can be solved for. Using ¢ as a short notation for g()) , the above equation can
be written as follows:

(z—)\)q’+q:1 = (Z—_ll)/:_ziA N (log(q—l))/Z(log(z—)\))’
oo (M) s (;_;) = dN=1+ zz:sn(Am — 1),

The return function is given by 7(A) = A/g(\). It must therefore be that the expected return
of borrowers is constant across A. Assuming that entrepreneurs are scarce, then lenders need
to be indifferent between the storage technology 1 + R and lending to entrepreneurs.

Uniform density. The uniform distribution case with Z = Z (Z — z) and f(\) = A can be
again calculated in closed form.
[TO BE ADDED]

C Scarce lenders

Section 2 uses assumption 2 in order to derive an indifference condition for the lowest leverage
ratio loan, which is r(A) = 1 4+ R. Namely, this amounts to assuming that the scarce side of
the market is the side of entrepreneurs. Lenders have more funds than necessary to fund all
entrepreneurs fully. Therefore, in equilibrium they compete to lend to entrepreneurs. In this
section, I show that this hypothesis is innocuous, and that the results on asset pricing are
strengthened if one assumes instead that entrepreneurs are many and that lenders are lacking
to fund them. Thus the following assumption is the opposite of assumption 2. It holds if and
only if assumption 2 does not hold.

Assumption. Lenders are scarce, so that all entrepreneurs cannot be funded.

Under that assumption, the least productive entrepreneurs need to be made indifferent be-
tween levered investing in their technology and investing in the storage technology. The next
proposition is a version of Proposition 1 when the above hypothesis does not hold.

Proposition. (Equilibrium without Assumption 2) In equilibrium, there exists a threshold z,
for borrowers’ productivity, such that entrepreneurs with z > z, do levered investing, en-
trepreneurs with z < z,, invest in the outside technology at return 1 + R. There is positive
sorting between lenders and entrepreneurs, such that lenders with the highest pledgeability pa-
rameter A lend to the most productive entrepreneurs. Denoting by q(\) the price of promising
A in period 1, and by z(\) defined over [\, \] onto [z, Z] the increasing function that matches
lenders to entrepreneurs, then zp,, q(A) and z(\) satisfy the following set of two first-order
ordinary differential equations, and three algebraic equations:

A

(a) 1+R_ﬁ

(b) 2N =% (c) 2(d)=zm 9)
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Proof. The first-order ordinary differential equations can be derived in the same way as for
proposition 1. Sorting at the top still leads to equation (9b). However, sorting at the bottom
now involves matching the entrepreneurs with the lowest productivity z,, together with the
lenders with the lowest skin in the game parameter A. Finally, entrepreneurs need to be made
indifferent between investing in the outside technology at rate 1+ R and doing levered investing
with their own productivity, which brings:

Zm — A
1+R= ——.
1—q(})
This proves equation (9¢) and completes the proof. O

Corollary 3. Without assumption 2, even the lenders with the lowest pledgeability parameter
earn some non-zero spread over the outside technology 1 + R.

Proof. This statement is a consequence of equation (9¢), together with the fact that the lowest
productivity entrepreneur still is able to do better than the outside technology: z > 1 + R.
Assume that the return of the lenders with the lowest pledgeability parameter was r(\) = 1+ R.
Then we would have the following:

—A
SmT2 14+ R = zp=1+R
1= 1{r
There is a contradiction there, as z,, > z > 1+ R. Thus, even lenders with )\ earn rents. [

D Occupational choice

The setup is similar to that described in Section 2, except that borrowers and lenders decide
on borrowing and lending endogenously, depending on their respective productivities.

Apart from these differences, the setup is similar to that which is described in Section 2.
The model has two periods: ¢ = 0,1. There is a continuum of agents, born with different
productivities z € [z, Z]. There is an outside investment technology with a return 1+ R, such
that (1 + R) €]z,z[. The number of agents with productivity z is given by f(z)dz. When
they become entrepreneurs, agents operate with productivity z. When they lend instead, z
stands in for the pledgeability parameter. A very natural interpretation is that conditional on
default, the lender would be constrained to operate the asset himself. Therefore, how much the
borrower can credibly pledge to the lender is what the lender’s own productivity is at operating
the asset (Hart and Moore (1994)). Finally, I assume that the distribution of productivities has
full support on [z, z]. Proposition D characterizes the equilibrium with occupational choice.

Proposition. (Equilibrium with occupational choice) There exist two thresholds A\, and zp,
for productivity, such that agents with z > z, become borrowers, agents with A\, < z <
zZm become lenders and agents with A < A\, invest in the outside technology at rate 1 + R.
There is positive sorting between lenders and entrepreneurs, such that lenders with the highest
pledgeability parameter X lend to the most productive entrepreneurs. Denoting by q(\) the price
of promising A in period 1, and by z(\) defined over [\, zm] the increasing function matching
lenders to entrepreneurs, then Apm, zm, ¢(\) and z(\) satisfy the following set of equations:

(z(A) =N d'(N)=1-q(N
gV f (V) 2/ (N) = (L —q(N)) F(N)
(a) A=+ R)qg(An), (b)) 2(zm) =2, (10)

(c) 2(Am)=2m, (d) zmz%qw.

Proof. The ordinary differential equations, as well as equation (10a), can be derived as for
Proposition 1. The main difference is that now the lenders with the highest skin in the game
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technology have productivity z,,, so that positive sorting at the top implies equation (10b):
2(zm) = Z.
Similarly, positive sorting at the bottom implies equation (10c):
z2(Am) = zZm.

Finally, because of occupational choice, agents with productivity z,, are indifferent between
lending to the most productive entrepreneurs, which gives an expected return equal to z,, /q(zm ),
and invest with leverage, borrowing from lender with productivity A, which brings (z,, —
Am)/ (1 — q(Am)). This indifference condition leads to equation (10d):

z —7Zm_/\mq(z )
" 1*Q()‘m) "

O

Uniform density. Assuming a uniform density Z on [z, z], the model can be solved in closed
form. The results from A.1 can be used in order to derive the general forms of the pricing
function ¢(\) as well as that of the matching function z(\), with a = 1 since the density of

entrepreneurs and lenders and collapsed into one. We have the following expressions for g(\)
and z(\) :
qA) =Cav/(1+a)X—C

1
(A = A+ 5\/(1 Ta)A—Cr—[(1+a)r - C4].
2
C1, Csy, z,, and A, are thus solution to the following set of algebraic equations:
>\m :(1+R)C2 (1—|—a)/\m—Cl,

1
Z=zm+ —vV[1+a)zm —C1 —[(1+a)z, — C]

Cs
1
Zm :/\m—‘rCf (1—|—a))\m—01 - [(1+CL))\—01]
2
Zm — Am

02 (1+a)zm 7C1.

Zm

T1-Co /At a)m - O

E Passive depositors, regulatory constraint

This setup is closer to the setup presented in section 3. However, instead of assuming that
lenders to lenders are doing some monitoring, I assume that depositors do not have this tech-
nology. Instead, the regulator imposes some exogenous financial constraint on banks, which
might for example correspond to its own monitoring technology. In an extension, one could
think of having the regulator spend resources to improve that technology, which could allow
him to loosen financial regulation and have have the economy produce more.
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F Figures

Figure 9: SECTION 2: BALANCE SHEETS PER UNIT OF ASSET

Figure 10: SECTION 2: BALANCE SHEETS PER UNIT OF WEALTH
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Figure 11: SECTION 3: BALANCE SHEETS PER UNIT OF ASSET
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Figure 12: SECTION 3: BALANCE SHEETS PER UNIT OF WEALTH
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Figure 13: PARTITION OF AGENTS IN DIFFERENT SETUPS

(a) Setup of Section 2: simplest model
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(b) Setup of Section 3: endogenous intermediary leverage
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(c) Setup of Section 4: general equilibrium with occupational choice
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Figure 14: PARTITION OF AGENTS IN DIFFERENT SETUPS (APPENDIX)
(a) Setup of Appendix C: scarce lenders
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(d) Setup of Appendix E: uninformed depositors, regulatory capital
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Figure 15: INTERMEDIARY-BASED ASSET PRICING FROM ADRIAN ET AL. (2014)

Leverage Factor Replicated from Flow of Funds

15+ 18

Mom10

i

S1B2 S3B3

Moem8 "~ S5B5

S4BS582, 7 '84782,555 4

’

SSB8
S5oB1 Mom5

Realized Mean Return (% per year)

e /,Mom2
// — yr
/g y
J=2yr Si1B1
O~1yr
0- ,/'
4
, e
e
e
L7 ’ Moml
e
4
=54 //
-5 0 5 10 15

Predicted Expected Return (% per year)

41



Figure 16: EXPECTED RETURNS AND CONSUMPTION, FROM MUIR (2017)
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Figure 17: REPLICATION OF KRISHNAMURTHY AND VISSING-JORGENSEN (2012)
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Figure 18: REPLICATION OF KRISHNAMURTHY AND VISSING-JORGENSEN (2012)
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Figure 19: CORPORATE BOND SPREADS, INSPIRED FROM COLLIN-DUFRESNE ET AL.
(2001)
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Figure 20: LoGc CORPORATE BOND SPREADS, INSPIRED FROM COLLIN-DUFRESNE
ET AL. (2001)
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