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Abstract

This paper studies the welfare properties of competitive equilibria in an economy
with incomplete markets subject to idiosyncratic and aggregate shocks. We focus
on the role of securitization, whereby borrowers can reduce idiosyncratic asset risk,
which enables increased leverage and investment. In the absence of frictions in the
securitization process, we show that the ability to securitize assets completes markets.
When there are frictions in the market for securitized assets, requiring originators to
hold some skin-in-the-game, markets remain incomplete and risk-sharing is limited. In
this case, fire-sales are required to repay debt and finance new investments when the
economy is hit by a negative shock. Moreover, the equilibrium may be constrained
inefficient due to the existence of a pecuniary externality that can result in over or
under-investment. We examine policies to correct over-investment and find that a
leverage ratio restriction generates a Pareto improvement, while forcing originators to
hold additional skin-in-the-game reduces welfare. Both policies reduce leverage and
raise prices in a fire-sale, however tightening skin-in-the-game also directly reduces the
resources available to those who most need them, which dominates the positive effect
of higher prices.

JEL codes: D52, D53, E44, G18, G23.
Keywords: Securitization, pecuniary externalities, collateral constraints, financial frictions,
macroprudential regulation, fire-sales, incomplete markets.
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1 Introduction

The tremendous growth in securitization over the last several decades has significantly
altered global capital markets and the nature of financial intermediation. With the rise
of the originate-to-distribute model, U.S. asset backed securities outstanding have grown
from approximately $11.3 billion in 1986 to over $2,150 billion in 2010.! Despite the size
and importance of this transformation, there is relatively little theoretical analysis on the
aggregate and welfare implications of securitization. This paper attempts to fill this gap.

In an economy with financial frictions, securitization may be valuable because it can
enhance risk-sharing opportunities by substituting for missing markets. Specifically, when
asset returns are subject to idiosyncratic risk and markets for hedging such risk are limited
or nonexistent, pooling assets via securitization provides additional insurance. As a result,
securitization can raise aggregate investment and leverage as borrowers are able to issue safer
liabilities to risk-averse lenders. However, as has been shown in the literature, competitive
equilibria may exhibit socially excessive aggregate investment when markets are incomplete.?
Thus, while securitization enhances risk-sharing it may amplify over-investment, and as such
the welfare implications of securitization may be ambiguous.?

To analyze the welfare implications of securitization we develop a dynamic general equi-
librium model of investment and securitization with incomplete markets. When securitiza-
tion is an imperfect substitute for missing markets, such that risk-sharing is limited by a
“skin-in-the-game” constraint on sellers forcing them to retain a certain fraction of their own
investments, we show that competitive equilibria may be characterized by socially excessive
investment and leverage. In this case, a planner facing the same constraints as the private
market can engineer a Pareto improvement by reducing financial sector leverage. The im-

provement arises from an increase in the price of assets in the event of a fire-sale, which

IThese figures are taken from Table 1 in Gorton and Metrick (2012). For a summary of the growth of
securitization markets, as well as a discussion of many of the relevant issues see Gorton and Metrick (2012)
and Segoviano, Jones, Lindner, and Blankheim (2015).

2For example, see Lorenzoni (2008).

3Generally, additional markets need not increase welfare, as first shown in Hart (1975).



transfers resources to individuals that have the most productive use for them. Surprisingly,
requiring sellers to hold more skin-in-the-game, which also reduces leverage (indirectly) and
raises prices in a fire-sale, is always welfare reducing.

The paper develops a three-period model of investment. In period 0, risk-neutral bor-
rowers with limited capital, who we refer to as intermediaries, obtain funds from risk-averse
investors to finance investment projects. Investments are either successful early (period 1),
successful late (period 2), or fail late and return nothing. While ex-ante homogeneous, in-
termediaries differ at period 1 as returns on their individual investments may arrive early
or late. Those with early returns (early types) will have sufficient funds to meet their debt
obligations and to invest in new opportunities that arrive in period 1. Intermediaries that
do not have early returns (late types) will be required to raise funds. Importantly, financial
frictions rule out state-contingent contracts at period 0 and borrowing at period 1. As a
result, late types will sell assets to early types via a spot market to generate funds to service
debt and invest in new opportunities. However, late types may be constrained in their abil-
ity to raise funds, forgoing positive NPV investments and creating a “credit crunch.” The
extent to which late borrowers are constrained is dependent on the prevailing asset price,
which in turn depends on the aggregate funds early types have and the aggregate quantity
of assets for sale. Crucially, atomistic intermediaries do not anticipate the impact of their
period 0 investment and securitization decisions on the price of assets at period 1. Therefore,
a pecuniary externality arises that can result in period 0 investment that is either insufficient
or excessive from a social perspective.

In our model, securitization mitigates financial frictions by moving funds from early to
late types at period 1, substituting for contingent contracts that would provide such transfers.
This allows intermediaries to create more safe debt for risk-averse investors by increasing
pledgeable income when returns are late. In other words, demand for securitization is driven
by the need for high-quality collateral required to borrow from risk-averse investors. This is

a standard partial equilibrium view of how more securitization can lead to increased leverage



and investment.* However, our framework also highlights a novel aspect of securitization;
that securitization affects spot market prices by changing the distribution of cash in the
market. Specifically, with more securitization at period 0, demand for assets at time 1
declines since the funds of early types are reduced. On the supply side, late types require
less funds and have more assets to sell. This results in a reduction in the price of assets at
period 1, creating a transfer from late to early types and thereby amplifying the pecuniary
externality.

Our framework allows us to shed new light on the welfare implications of policies to curb
excessive leverage in the financial sector. We show that investment is generally inefficient
when securitization is not complete and that leverage restrictions, akin to those outlined
in Basel III, can be welfare improving when the competitive equilibrium is characterized
by too much investment. However, implementing leverage restrictions presents a number of
practical difficulties due to asymmetric information between intermediaries and regulators.’

Alternatively, it seems plausible that recent policies designed to restrict the extent of
securitization in the financial system could also increase welfare, since securitization affects
leverage indirectly. For example, the retention requirements in the U.S. Dodd-Frank Act and
the European Capital Requirements Directive.® Indirect policies such as these are important
from a practical perspective because they require significantly less information than direct

" Perhaps more

restrictions on the balance sheet, such as capital or leverage constraints.
importantly, market restrictions on skin-in-the-game could influence the leverage of non-
regulated institutions, since securitized lending is at the heart of so-called “shadow banking.”

We show that the total effect of forcing more skin-in-the-game can be decomposed into

4See for example DeMarzo (2005), Coval, Jurek, and Stafford (2009), Gorton and Metrick (2012), and
Kiff and Kisser (2014).

SFor example, differences in the accounting treatment of derivatives (GAAP versus IFRS) imply very
different levels of leverage for large banks.

6Specifically Article 122a of the European Capital Requirements Directive and Section 941 of the U.S.
Dodd-Frank Wall Street Reform and Consumer Protection Act both require a five percent minimum retention
rate by securitizers or originators, with exceptions for various types of underlying assets. Notably, “qualified”
residential mortgage backed securities, which are backed by loans that meet a specific underwriting criteria.

"In a general framework with pecuniary externalities, Kilenthong and Townsend (2016) consider how to
implement constrained-efficient outcomes via alternative market-based mechanisms.



a direct effect and a price effect. There is a direct tightening of the constraints on late
intermediaries, which reduces the collateral value of investments, causing them to reduce
leverage ex-ante. On the other hand, reduced aggregate investment increases the price of
assets in a fire-sale, which increases the collateral value of assets and results in increased
leverage. The direct effect is obvious and provides an intuitive rationale for tightening
constraints as a means to reduce excessive investment. However, this is undone by the price
effect, leaving the negative impact of the tighter constraint to dominate. This makes clear
that the rationale for policies to increase skin-in-the-game as a means to reduce excessive
leverage cannot rely solely on partial equilibrium arguments.

For our results to obtain we require market incompleteness coupled with frictions in the
securitization process. The missing markets we assume are a precondition for securitized
lending, since the existence of contingent securities at period 0 or frictionless borrowing at
period 1 eliminates the value in securitizing assets in our model. While we are agnostic
about the specific market failure(s) that result in borrowing constraints, the literature has
highlighted a number of possibilities. For example, limits to borrowing may be justified by
the presence of asymmetric information as in Stiglitz and Weiss (1981), limited commitment
following Kehoe and Levine (1993), or moral hazard as in Holmstrom and Tirole (1997). The
assumption that issuers of securitized assets may be forced to hold some skin-in-the-game
is also vital. The reasons for this are not modeled in the paper, but can be motivated by
the existence of an informational asymmetry between originators of securities and outsiders.
This type of argument is made formal in DeMarzo and Duffie (1999), who find that issuers
holding skin-in-the-game is an optimal contractual arrangement in the presence of issuer
private information. This can arise in other interpretations, such as Holmstrom and Tirole
(1997), where this type of structure arises to address moral hazard.® This assumption can

also be supported by new regulations (discussed above) that force issuers of securitized assets

8Cerasi and Rochet (2014) provide a model of securitization of this type in which banks hold an equity
tranche to maintain proper incentives. However, when the initial investment need not be raised in conjunction
with securitization, the skin-in-the game requirement need not be part of the optimal contract as shown by
Hartman-Glaser, Piskorski, and Tchistyi (2012).



to retain economic exposure in an effort to ensure their interests align with investors.

Related Literature

This paper is related to the study of pecuniary externalities which arise from incomplete
markets. This literature goes back to the seminal work of Hart (1975), Diamond (1980),
Stiglitz (1982), Geanakoplos and Polemarchakis (1986) and Greenwald and Stiglitz (1986).
In our application, market incompleteness precludes individuals from equalizing marginal
returns to investment. This is similar to the type of friction studied in Shleifer and Vishny
(1992), Gromb and Vayanos (2002), Caballero and Krishnamurthy (2001), Allen and Gale
(2004), Lorenzoni (2008), Farhi, Golosov, and Tsyvinski (2009), Davila, Hong, Krusell, and
Rios-Rull (2012), He and Kondor (forthcoming) and Mirza and Stephens (2016), among
others.? This paper shows how pecuniary externalities may result in inefficient investment
when the securitization process is plagued by frictions. Thus, we link the literature on
investment with incomplete markets and asset securitization. This allows us to study welfare
and examine policies in a well-understood framework.

Our model of securitization is an extension of the framework developed in Gennaioli,
Shleifer, and Vishny (2013). In their setting, securitization is socially worthwhile as it
can completely remove idiosyncratic risk from financial intermediaries’ assets. This permits
the financial sector to become more leveraged and invest more.'* This is inefficient when
agents are not rational and cannot assess the risks in securitized assets correctly. In our
paper, market incompleteness limits the ability of intermediaries to insure themselves against
idiosyncratic asset risk. Furthermore, aggregate investment is excessive due to a coordination
failure only when markets are incomplete, which results in inefficient fire-sales even when all

agents have rational expectations.

9Krishnamurthy (2010) and Brunnermeier and Oehmke (2013) survey the literature on aggregate impli-
cations of financial frictions. Davila (2015) provides a discussion of several key papers in this literature,
including the impact of various modeling assumptions on welfare analysis. In his terminology, we model a
“terms-of-trade” externality.

Diamond (1984) first showed risk-pooling by financial intermediaries can increase investment and welfare.



There is a growing literature on securitization, which for the most part focuses on security
design and the contractual features arising from asymmetric information cost. For example,
DeMarzo and Duffie (1999) and DeMarzo (2005) examine security design problems in static
settings whereas Hartman-Glaser et al. (2012) focus on a dynamic problem." Hanson and
Sunderam (2013) consider a security design problem incorporating endogenous information
acquisition by investors. Shleifer and Vishny (2010) develop a novel model of securitization
where intermediaries sell assets to maximize fee revenue from intermediation. In contrast,
this paper focuses on the general equilibrium impacts of securitized lending and the associ-
ated welfare implications. Gale and Gottardi (2015) also examine the impact of pecuniary
externalities on ex-ante capital structure of intermediaries. Debt is preferable to equity in
their model due to tax advantages, and they identify the impact of fire-sales by bankrupt
firms on the ex-ante capital structure. Our paper differs in that we abstract from tax advan-
tages of debt and the possibility of default in equilibrium while also examining the impact of
a credit crunch following a fire-sale. Toda (2015) also considers a general equilibrium model
of securitization, but abstracts from the pecuniary externalities that are the main focus of

this paper.

2 Model

We adapt the model of securitization from Gennaioli et al. (2013). There are three
periods; t = 0,1,2. There are two principal actors; risk-neutral intermediaries (borrowers)

and risk-averse investors (savers). We describe each further below.

2.1 Intermediaries

The economy is populated by a measure one of risk-neutral intermediaries, indexed by

7, that have access to risky investment projects at both ¢t = 0, and t = 1 that either succeed

HSee Gorton and Metrick (2012) for an excellent summary of the literature and an extended discussion
of the relevant issues and outstanding questions.



or fail. Undertaking investment is costly with intermediaries incurring non-pecuniary costs
¢(I) for investing I units. We assume that ¢(-) is an increasing and convex function with
with ¢(0) = ¢(0) = 0. We interpret these as the effort costs required to find and maintain
quality investments.

Each intermediary has access to risky investment opportunities at ¢ = 0 with returns
subject to both idiosyncratic and aggregate risk. Investments can either succeed, in which
case gross returns per unit of investment are Ry, or fail and return nothing. Moreover, t = 0
investments may succeed early, at t = 1, or late, at t = 2, while failure is only learned
late. The probability of success is identical and independent across intermediaries. The
probability of success, 7(w), varies with the aggregate state w € Q = {g,b,r} realized at
t = 2. The state g captures a “good” or “growth” state where all intermediaries’ projects
succeed, b captures a “bad” state where a number of projects fail, while r captures an even
less productive “recession” state such that 7(g) = 1 > w(b) > w(r) = [ > 0. We denote
the probability that state w is realized by ¢(w), and define ¢(g) = p,¢(b) = (1 — p)g,
¢(r) = (1 —p)(1 — q), where p,q € (0,1).

At t =1, a fraction 0 € ¥ = {h,l} of t = 0 projects succeed. We assume o is publicly
observable and provides an informative signal about the realization of the aggregate state w
at t = 2. The signal h (high) is observed with probability p and conveys that the aggregate
state at t = 2 is good (g) with certainty. Alternatively, with probability 1 — p the signal [
(low) is observed and it conveys that the aggregate state may be either bad (b) or a recession
(r).'? For simplicity, we assume that if the high signal is observed, all investment projects
succeed early (h = 1), while if the low signal is observed, only a fraction I < 1 of projects
succeed early. After observing early investment returns, intermediaries form beliefs over late
returns. Denote the probability that projects succeed late, conditional on the realization of

signal o by m(w|o). Then, 7(g|h) = 1 as all projects succeed in the good state, m(r|l) = 0

12Formally, denote by ¢(w|o) the probability that the state at ¢t = 2 is w, conditional on the signal o being
observed. We assume ¢(g|h) = 1, ¢(g|l) =0, ¢(blh) =0, ¢(bll) = ¢, ¢(r|h) =0, ¢(r|l) =1 — q. To ensure
that signals convey the appropriate information so that ¢(w|o) # ¢(w) for all w € Q,0 € X, we impose
h > m(b) and I < 7(r).



since only [ projects succeed in the recession state, and 7 (b|l) = 7(b) — n(r) = 7w(b) —1 > 0.1

Importantly, investments that do not succeed early following the low signal are less likely
to ever succeed; i.e., conditional on o = [, expected returns of late assets are lower. Thus,
while we ignore the possibility of projects failing at time 1, this is consistent with our model
and failure of assets at ¢ = 1 could be included in the analysis in a straightforward way. We

write gross returns on period 0 investments for each intermediary as follows:

E,, (w(w)) Ro = ¢(g)m(glh)Ro + 6(b) [ + (1 — D (B[] R + ¢(r) [L + (1 — (r|1)] Ro. (1)

We assume throughout that investment at t = 0 is worthwhile:
ASSUMPTION 1. For any investment level I > 0, E,, (m(w)) Rol — c(I) > I.

Intermediaries also have access to new risky investment opportunities at ¢ = 1, which
provide returns at ¢ = 2. The gross return on one unit of investment is R; in the case
of success and zero otherwise. The probability of success is ¢, when o = h, and ¢ when
o = [, where we q, > ¢;. This captures the intuitive case in which new opportunities are
of higher quality when the high signal is observed. For simplicity, the probability of success
is perfectly correlated across intermediaries, and independent of the aggregate state w at
t = 2. These assumptions permits us to ignore the possibility of pooling ¢t = 1 assets and
focus solely on the impact of securitizing ¢ = 0 investments. As a further simplification,
we let the non-pecuniary costs associated with investment to be zero when ¢ = h. We also

assume that ¢ = 1 projects are always worthwhile.

ASSUMPTION 2. For any investment level I >0, goRiI > qRI — c(I) > I.

Intermediaries’ Problem

At t = 0, each intermediary invests I ;, and holds reserves yy ;, using capital w;,; and

funds raised from investors. To raise funds, intermediaries issue risk-less debt claims D; at

3Note that m(g|l) = 7(b|h) = m(r|l) = 0 as ¢(g|l) = ¢(b|h) = (r|h) = 0.



t = 0, that promise a return p at ¢ = 2. Additional funds for investment can be raised by
selling the cash flows associated with Sp; < (1 — a)ly; units of investment, where a € [0,1)
is the “skin-in-the-game” required by originating intermediaries. As discussed in Section
1, skin-in-the-game requirements can arise from informational frictions in the securitization
process and/or regulatory requirements. For simplicity, we take these as given. Interme-
diaries may also purchase cash flows Tj; from other intermediaries. We interpret Tp; as
the cash-flows derived from a pool of all other intermediaries’ assets. Although an inter-
mediary’s own projects have the same expected payoffs as cash-flows purchased from the
pool, due to diversification the latter bear no idiosyncratic risk, only aggregate risk. This is
important because this diversification allows intermediaries to increase pledgable cash-flows
to debt holders when intermediaries have late returns. In other words, the cash-flows from
the pool of assets Ty ;, provide better collateral than the cash-flows from the intermediary’s
own investment Iy ;.

We interpret sales and purchases of cash-flows by intermediaries as securitization. For
simplicity we do not model “tranching”, nor do we distinguish between originating inter-
mediaries, sponsoring intermediaries and “special-purpose vehicles” (SPV). We view equity
as a junior tranche, which is held by the intermediary, while the senior tranche is sold to
investors as (completely) safe debt.!

The decisions of intermediaries at ¢t = 1 consist of investing in new opportunities, pur-
chasing or selling securitized assets from other intermediaries, selling cash flows against their
own t = 0 investments that have not yet been realized, or holding cash. When o = h, all in-
termediaries are identical as all ¢ = 0 investments succeed and are realized early. As a result,
there is no motive for trade, and each intermediary makes I 5 ; new investments and holds
Y1,h; in cash. When, o = [, early intermediaries have more funds available for investment,

and thus intermediaries with late returns may have access to relatively profitable investment

“4Tgnoring the role of SPVs is not vital since these are typically artificial constructs, operating according
to a set of pre-specified rules. A detailed discussion of the process can be found in Gorton and Metrick
(2012).



opportunities that cannot be exploited. We denote early types by e and late (not early)
types by ne. Early intermediaries invest an amount ;. ;, while late intermediaries invest
I ye.;. Funds may be transferred between intermediaries through the exchange of securitized
assets or via the sale of remaining cash-flows on ¢ = 0 investment. Importantly, we assume
that intermediaries have no other means to generate funds from outsiders. In particular, we
rule out lending across intermediaries at ¢ = 1. This is done for ease of exposition, but could
be included in the analysis below without altering the qualitative results as long as there is
a limit on lending between intermediaries, which can be motivated in the same way as the
securitization frictions.

We denote early intermediaries” period 1 purchases of securitized assets by Ti.;. Late
intermediaries’ sales of securitized assets are —17 ,,. ;, while sales of remaining cash-flows on
t = 0 assets are Sy ;. Cash holdings of early and late intermediaries are denoted ¥ ;
and y; . ; respectively. Formally, intermediary j chooses Iy j, Soj, o5, D, Yo, L1,nj, 11,65

Livey, Thejs Tines Simejs Yihjy Yles and Y1 e ; to maximize profits II; at end of ¢t = 2:

IL; = plly; + (1 —p) [ + (1 = DIl 5] — c(Lo;) — pDy, (2)

where

I ; = gpRadlihj + Yiny,
Hej = qRilic; — c(Lie;) + yrej + q(m(d) = D Ro((1 = )T  + Thej),

Hne,j = qulll,ne,j - C([l,ne,j) + yl,ne,j + QI(’]T(b) - l)RO([O,j - SO,j + (1 - Z)TO,]' + Tl,ne,j - Sl,ne,j))-

The first term in (2), Il ;, is expected profit at period 2 following a high signal at ¢ = 1.
In this case, all t = 0 projects succeed early and the proceeds are either re-invested in new
opportunities, with gross returns g, 11y, 5, or held as reserves, y; ;. We assume that are
there no additional costs associated with making new investments. Also, as intermediaries

are identical in this case, and each has sufficient funds to repay investors, there is no motive

10



for trade. The second term in (2) is expected profit at period 2 following a low signal at
t = 1. Expected profits are a weighted sum of early and late types’ profits, Il.; and II, ;
respectively. Profits for early types consist of returns on new investment, ¢RIy . ; — (11 ),
reserves carried into period 2, y; . ;, and late returns on securitized assets purchased either
att=0ort=1, q(m(b) — )Ro((1 — )Ty ; + T1.;). Similarly, profits for late types consists
of investment returns, QR e — c(] 17n67j), TeServes Yi ne,j, and late returns on assets not
sold, ¢;(m(b) — l)Ro(1o; — So; + (1 = 1)To,; + Thnej — Sineyj))- Finally, the last two terms in
(2) capture the costs of investment in the initial period, ¢(1;), and debt repayment, pD;.

Intermediaries maximize (2) subject to the following set of constraints:

(M) Lo +po(To; — So) + Yo < Wint + Dj, (3)
(to7) Soj < (1 —a)lyy, (4)
(Atng) Ting +ying < Ro(loj + To; — Soj) + Yoy, (5)
(M) Trej +P1T1ej + Y1 < Ro(loy — So;) + 1RoTo ;5 + Yo, (6)
(Aneg) Tinej + P1(Tine; = Simes) + Yime < IRoToj + Yo.j, (7)
(111,5,5) Soj + Stney < (1 —a)loy, (8)
(11,74) 0 < Thpey + (1 =0Ty, (9)
(M.05) PD; < Y1,njs (10)
(M.eg) PDj < Yr,es (11)
(M1.meg) PD; < Y1me,j- (12)

Inequality (3) is the budget constraint at ¢ = 0, which requires investment costs, net pur-
chases and reserves be no greater than equity and debt. The second constraint is the skin-
in-the-game requirement. Expression (5) is the budget constraint when o = h. Inequalities
(6) and (7) are the budget constraints of the early and late intermediaries at ¢ = 1 when

the low signal is realized. Early intermediaries have Ry(lp; — Sp ;) more funds than late

11



types, as their projects succeed early. Early intermediaries can then use the returns from
their individual investments along with securitized assets to purchase assets from late ones
or invest in new opportunities and reserves. Late intermediaries use returns from securitized
assets, plus funds raised from asset sales, to finance new investment and reserves. Con-
straints (8) and (9) ensure that individual and securitized asset sales are feasible and satisfy
the skin-in-the-game requirement (77 ,,. ; < 0 represent sales). The final set of constraints are
the intermediaries’ collateral constraints that ensure debt is always repaid.'® The solution
to this problem is characterized in Appendix A, where the Lagrange multipliers associated

with each constraint are given in brackets above.

2.2 Investors

We assume there is a measure one of identical (infinitely) risk-averse investors, each
endowed with a large positive wealth w;. Investors value consumption only at ¢ = 0 and

t = 2 with preferences given by
Ui = Co+ BE [min{Caui} (13)

where Cj; is consumption at ¢t = 0, Cy,,; is consumption at ¢t = 2 in state w, and 5 € (0,1) is
a discount factor. While these preferences are extreme, there is evidence that many investors
in securitized products, such as mutual/pension funds, require a high degree of safety.'® At
t = 0, investors can either consume their wealth, purchase risk-less debt from intermediaries
that pays a gross interest rate p at ¢ = 2, or buy risky assets issued by intermediaries. At

t = 1, investors can additionally purchase securities issued by intermediaries. Investor ¢’s

15We assume that intermediaries and investors can commit to long term contracts. Relaxing this as-
sumption in our environment has no effect on our results, however this represents an potentially interesting
extension in a model with more general investor preferences. For example, we could interpret our contracts
as short-term, which may be rolled over at ¢ = 1. This is done in Stein (2012), although he ignores the
potential for renegotiation at time 1.

16For example, see Bernanke, Bertaut, Demarco, and Kamin (2011), Stein (2012), and Gennaioli et al.
(2013) for a discussion on the desire for safety on the part of institutional investors.

12



budget constraints at ¢ =0, 1,2 are thus

Co,i + Di + poTo,i + Yo, < w;, (14)
il + vy < yoi + IR T, (15)
Copi <1+ pDi + (1 = DwRTy; + (m(w) — 1) RoTh 4, (16)

where D; is the amount of risk-less debt purchased, yo,; and y; ; are the amounts of cash held

at t =0,1, and Ty, and T} ; are the quantities of intermediary assets purchased at t = 0, 1.

=0 t=1 =2

. g - "Good State"

Signal is h (high),
all assets pay
out early:

All Fls choose
[1,hj, Y1,
1-p .

' b - "Bad State"

Each FI j chooses:
lo,, So,j, To,, yo,, Dj 1
' r - "Recession State"

Investor i chooses: Signal is | (low),

Co,i, To,, Di, yo,i -
only a fraction | Aggregate state, and
of assets pay payoffs on all late
out early: assets and the t=1
investments are
Early Fls choose: realized.
e, T1.ei Y1.ei,

Debt is repaid,
investors consume,
intermediary profits

are determined.

Late Fls choose:
|1,ne,j, S1,ne,j,
T4 .ne,j, Y1,ne,j

Figure 1: Timing.
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2.3 Equilibrium Definition

The intermediary problem is to choose investment, reserves, trade and debt levels to
maximize expected profits subject to budget, collateral, sales, and investors’ participation
constraints. The investor problem is to choose how much debt and securities issued by
intermediaries to purchase (if any), and savings to maximize expected utility of consumption
subject to budget constraints. The price of debt, p, and the prices of securities pg, p1, are
taken as given by intermediaries and investors. Our concept of equilibrium is characterized

in the following definition.

DEFINITION 1. A symmetric competitive equilibrium consists of prices p,po,p1, and
choices of investment Io;, I pj, Tiej, 1inej, T€S€TVES Y05, Y1h:Yles Yine, trade Tp;, So;j,
T ne, Sines and debt D; by each intermediary j, and choices of debt D;, securities purchases

To, Th,, and savings Yo, Y1 for each investor i, such that given prices:
1. Investors maximize expected utility (13) s.t. (14)-(16),
2. Intermediaries mazimize expected profits (2) s.t. (3)-(12),

3. Markets clear:

Market for debt at t =0 :/Didz’ = /Djdj, (17)
Market for assets att =0 :/Toyjdj + /Toﬂ-dz' = /So’jdj, (18)
Market for assets at t = 1 :/ Ty .;dj + /Tlﬂ»di = S1ne.i (19)

{e} {ne}

where {e} and {ne} are the set of early and late types.

3 Equilibrium

In this section we characterize the competitive market equilibrium. We first solve for the

optimal decisions of investors and intermediaries given asset prices and the interest rate on
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debt. We then show how market clearing determines equilibrium prices by aggregating these

decisions.

3.1 Optimal Decisions of Investors

Investor behavior is straightforward in that they either consume their endowments, or
purchase risk-less debt. Throughout the remainder of the paper, we denote equilibrium

values with an asterisk.

.

0, if p< !

LEMMA 1. 7§, =y, =17, = yi;, =0 and D; = [0, w;], if p= 71

Wi, pr > B_l'
\

Proof. See Appendix B. m

Investors only value assets at the lowest realization and thus are priced out of the market for
assets by intermediaries. Moreover, investor preferences ensure that all debt is risk-free and
hence their break-even condition on funds lent to intermediaries, p > 37!, places a lower

bound on the equilibrium interest rate.

3.2 Optimal Decisions of Intermediaries

The following assumption ensures that intermediaries borrow a positive amount, so that

taking on debt to expand investment is worthwhile.
ASSUMPTION 3. E,, (7(w)) Ry — (wint) > B~ > E, (7(w)) Ry — ¢ (wint + w;).

This assumption implies that the marginal return on investment using borrowed funds is
eventually negative despite the investments having positive NPV due to Assumption 1. This
is illustrated in Figure 2. The implications of this are characterized formally in Lemma 2,
which states that they hold no reserves at t = 0, and hold exactly the quantity of reserves

at t = 1 as needed to service debt at t = 2.
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Figure 2: Illustration of Assumption 3.

LEMMA 2. Demand for debt is downward sloping, Dj/0p < 0, D; > 0 only if p <
Ew (7'('((4.!)) RO - Cl(wmt>7 yé,j = 07 yik,h,j = yie,j = yine,j = IOD;

Proof. See Appendix B. n

Demand for debt is downward sloping due to the diminishing returns on investment at ¢t = 0.
Given that intermediaries have a strictly positive amount of equity, a sufficiently small level
of debt can always be repaid so that D; > 0 in equilibrium. This requires the interest rate be
below the marginal return on the first unit of debt, or £, (7(w)) Ry — ¢ (wint). Moreover, it is
never optimal for intermediaries to finance reserve holdings at t = 0 via debt. This is because
for every unit of debt raised at ¢ = 0, intermediaries must generate p —1 > 37t —1 > 0 at
t = 1 to service this additional unit of debt. To understand reserve holdings at period 1, note
that neither returns from new investments at t = 1 nor late returns on ¢ = 0 can be pledged
to repay investors at t = 2. This is because infinitely risk-averse investors value these pledges
at the lowest possible return which is zero. Hence, intermediaries hold reserves equal to pD;
for all 0 € ¥. Note that intermediaries always have sufficient funds to build up the required
reserves, otherwise no funds would be lent in equilibrium given investor preferences.

We now focus on the optimal investment and trading decisions of intermediaries at period

1, taking as given period 0 decisions. When o = h, intermediaries are identical at t = 1 as
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all ¢ = 0 investments succeed early, and hence there is no trade. In this case, intermediaries
simply set aside the required reserves and invest the remainder in new opportunities since
these are always worthwhile, from Assumption 2. Hence, 11, ; = Rolo; — pD;. When o = [,
intermediaries differ at period 1. A fraction [ receive the full return on the fraction of t =0
investments that were not securitized. The remaining fraction (1 — 1) do not receive any
early returns on their own investments. Due to securitization, all intermediaries also receive
a fraction of the early returns from other intermediaries’ projects. For a given p;, early
types can use their funds to either invest in new opportunities or purchase assets from late
types. The amount of new investment, I . j, equates the marginal return to investment with
the marginal return on purchasing assets. The former is simply ¢ Ry — (1) while the
latter is ¢;(7(b) — ) Ro/p1 where q;(w(b) — 1) Ry is the net present value on ¢ = 0 investments,

conditional on the low signal at ¢ = 1.

LEMMA 3. Demand for assets is downward sloping, 0T1.;/0p1 < 0. Let py = (m(b) —

[)Ro/Ry, early types t = 1 investment and asset purchases, I . ; and T . ;, are given by the

following.
Forpy <p1: Li.j=0
CLR()IO,]' + lRoTo’j — ij
Tl,e,j - .
b1
b)— )R 0l
For p1 > p1: @Ry —(T1ej) = a(m(b) = DBy e}
— P1 op1
T i CLR()IO,]' =+ lRoTo,j — pD] — Il,e,j
le,j — .
p1
Proof. See Appendix B. O

As the price p; increases, the return on purchasing assets is lower and therefore more invest-
ment is undertaken and fewer assets are purchased by early types. Analogously, for lower
values of py, early types purchase more assets, and invest less.

The investment and sales decisions by late types involve a similar trade-off. By selling
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t = 0 assets late types forgo the returns, but can increase new investment and/or generate
reserves required to service debt. Sales consist of securitized assets on hand, =77 . ; as well
as any of their own investments which were not sold at t = 0, S; .. Late types may be
constrained if they run out of ¢ = 0 assets to sell, in which case the multiplier on the sales

constraint will bind, i.e., 1 7; > 0.

LEMMA 4. Let p; = (7(b) — I)Ro/ Ry, late types t = 1 investment and asset purchases,

L e, and Sinej — T pe,; are characterized as follows.

Forpy <p1: Iipe; =0

D, — IRyTo; — o,
St — Tipey = LA 2000 — Yo

P1
q(m(b) — ) Ro T
F >pp Ry — d(I1nej) = — ,
reezpaf s ) =T )
I pei + pD; — IRy Ty 5
Sl,ne,j — Tl,ne,j = min Lme,) + ppj 0-0 5 (1 - Z)TOJ' -+ (1 - a)IDJ- - Soyj
1
Proof. See Appendix B. m

As can be seen from Lemmas 3 and 4, if y1; p; > 0, equilibrium investment levels will differ
across types at t = 1. As a result, when late types are constrained at ¢ = 1, intermediaries
always find it optimal to securitize as much as possible at t = 0. This is formalized in the
following result.

LEMMA 5. juyr; >0 < I7, ;> I],.;, < po; >0 and py5; = 0.

Proof. See Appendix B. m

The key friction built in to our framework is that late intermediaries may only trade assets

at t = 1 to generate funds for investment. If late intermediaries cannot raise sufficient
funds, I7.; > I}, ;. Furthermore, when ;1 ; > 0, securitized assets are worth more than

individual investment holdings, since they provide relatively more resources to late types

who value them more. As result, being constrained at ¢ = 1 means that intermediaries
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will securitize to the extent possible at ¢ = 0, so that p9; > 0. For simplicity, we shall
assume throughout that intermediaries always securitize ¢ = 0 assets to the extent possible,
regardless of the value of yy 7;. Hence, S5; = Tg; = (1 — a)lg;.'" We now consider the

investment decision at period 0.

LEMMA 6. I ; is characterized by

Ey(m(w))Ro — p+p(Ro = p)(gnFRa — 1) + (1 = p)l((a + (1 = a)l) Ry — p) (@ Fy — 1 = (I1.¢))

+ (1 =p)A=D((1 = a)lRy = p)(@Fr =1 = ¢ (Iine)) + (1 = a)(1 = 1) = (o). (20)

Proof. See Appendix B. m

The marginal return to a unit of investment at ¢ = 0, given that D} > 0 is E,(m(w))Ro — p
plus the marginal returns from re-investing early returns at t = 1. When the signal is high,
each additional unit of I ; generates Ry — p units of resources at ¢ = 1 that can be reinvested
for a gross expected return g¢,f2;. Similarly, when the signal is low, another unit of Iy ;
generates (a4 (1 —a)l) Ry — p units of resources for the early types and (1 —a)lRy — p units
of resources for the late types. These can be reinvested at gross returns of ¢, Ry — (I, .) and
@Ry — /(I1ne). If the sales constraint binds, increasing I, ; provides an additional benefit:
it raises by (1 — a)(1 —[) units the quantity of assets late types can sell (although this can
increase total liabilities). The optimal choice of Ij; then equates the marginal benefit of

investment with the corresponding marginal cost, ¢/(Ip ;).'8

"Lemma 5 shows that this is consistent with optimal behavior when constrained. However, this is some-
what arbitrary for the unconstrained case, since the optimal choices of Sy ; and Ty ; are not well defined.
This is not significant for our results however, since our focus is on equilibria in which intermediaries are
constrained (the reasons for which are made clear in Section 4).

I81f intermediaries incur losses at t = 1, these will be borne by their equity. As a result, this may place
an upper bound on the level of initial investment. However, we assume that the marginal costs associated
with investment at ¢t = 0 are sufficiently high so that (20) always holds (otherwise there is no investment at
t =1). A sufficient condition for an interior solution for I ; is

p(Ro — p)(gnR1 — 1) + (1 = p)(IRo — p)(@R1 — 1) + E, (7(w)) Ro —p < ¢ <m(f)_wgf_1> :
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3.3 Market Clearing

From the optimal choices of investors and intermediaries, we can infer that p must satisfy
the following bounds E,, (7(w)) Ry — ¢ (win¢) > p > 7. In fact, given that demand for debt
is downward sloping (Lemma 1), and supply is perfectly elastic at a price of 37! (Lemma
2), together with Assumption 3 requires that in equilibrium p = S~!. This is illustrated this

graphically in Figure 3.
0 AN

E (M@)R,

Demand for Assets Supply of Assets
D D;

B—1

Y

Figure 3: Market for debt.

Consider the t = 0 market for securitized assets. It is shown in Lemma 5 that when
constrained, Sp; = Tp; = (1 — a)lp;. When unconstrained, intermediaries are indifferent
over their choices of Tj ; and Sy ;, so we simply assume they securitize all assets. Regardless
of the choices of T} ; and Sy ;, any candidate equilibrium price py must clear the market, and
thus So ;(Po) — T0,(Po) = 0. Inspecting the intermediaries’ problem, it is clear that py has no
effect on the budget, since all agents are identical and net purchases are zero. Thus optimal

choices are determined by the first order conditions from the intermediaries’ problem at a
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given py, which are provided in Appendix A. The t = 0 price that clears the market satisfies

aflo,j +¢ (Ig’j)
o j

po = +1. (21)

In an unconstrained equilibrium, py = ¢ (]5‘7]-) /Ao + 1 is simply the marginal cost of time
0 investment. When constrained, pq is strictly larger than the unconstrained case, which
reflects the fact that securitized assets are relatively valuable in this type of equilibrium as
they provide more resources to late types in the low state of the world.

We now consider the determination of p;. Investment and securitization at ¢ = 0 influence
p1 and late types may or may not constrained, illustrated in Figures 4 and 5. From the
optimal choices of intermediaries described in Lemmas 3 and 4, we can infer the following
bounds on py: q(7w(b) — )Ry > p1 > qi(w(b) — l)Ro/q Ry when t = 1 investment is positive.
To understand these bounds, note that if p; were to exceed the conditional return on assets,
early types would not be willing to purchase them, since they can always invest in new
projects that earn positive profit. Thus, at the equilibrium, assets will only trade at fire-sale
prices (i.e. below NPV). Similarly, if p; is below ¢ (w(b) —1)Ro/q Ry, early types do not make
any new investments as buying up cheap assets is more profitable. The following proposition

ensures the existence of a unique equilibrium.

PROPOSITION 1. There exists a unique symmetric competitive equilibrium with positive

mvestment at both periods.
Proof. See Appendix B. n

To more fully characterize the nature of the equilibrium we need to further characterize
the supply curve at ¢ = 1, which depends on the relative strength of the two motives
for selling; namely to generate collateral and fund new investment. When the collateral
motive dominates, the supply curve is downward sloping. When the investment motive

is sufficiently strong, the supply curve is upward sloping, which is only possible for prices
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Figure 4: Unconstrained equilibrium.

above (m(b) —1)Ry/R;. Sufficient conditions for this case to obtain are given in the following

assumption.

ASSUMPTION 4.

I ¢ >0, and " (wi(IRy — B7Y) + winel Roy) > L

a(r )~ Ro(1—a)(w; twiny)» 07

II. ¢ <0 and (:”;(O) > q(m(b) — ) Ro(1 —a)(1 — 1) (w + wip)-

COROLLARY 1.1. Given Assumption 4, if q(m(b) —1) < #@, then a unique con-

strained equilibrium exists where piy 7 ; > 0.
Proof. See Appendix B. n

We focus below on equilibria in which g, r; > 0. Assumption 4 ensures that the supply
curve at t = 1 is upward sloping, which is required for constrained equilibria. Corollary 1.1

shows that parameters exist which support this type of situation. The sufficient condition
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Figure 5: Constrained equilibrium.

in Corollary 1.1 suggests that constrained equilibria arise when a and [ are relatively large
and/or the returns on t = 0 assets, conditional on ¢ = [, are small. Respectively, this means
there is more heterogeneity at ¢t = 1, more cash in the market (demand) and the conditional
value of the assets is smaller so that, ceteris paribus, more assets need to be sold to generate

cash.

4 Welfare

In this section, we focus on the efficiency of allocations at the competitive equilibrium. We
begin by characterizing the first-best allocation and then consider the welfare implications

of market incompleteness and securitization for competitive equilibria.
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4.1 First-Best

In the market equilibrium, investor ¢’s utility is simply w;, since p = 1/3. It is sufficient
for our purposes to focus on the point of the first-best frontier associated with this level of
investor utility. Thus, we consider a social planner that collectively maximizes intermediary
returns, subject to p = 1/8. Decisions are made ex-ante and all intermediaries are equivalent
from a welfare perspective, thus we ignore subscripts and allow the planner to directly choose

the aggregate quantities Iy, D, yo, L1 4, L1, Line, Y1,h, Y1, to maximize:

° =plgRilip+yip) + (1 —p) l(@Ri1e — (L))

+(1 — l)(QZRlll,ne — C([l,ne)) + y17l] — C([o) — pD, (22)

subject to the following budget and collateral constraints:

(Ao) To + Yo < Wint + D, (23)
(Ap) Liw +yip < Rolo + o, (24)
(M) Uhe+ (1 =111 e +y14, < IRo Lo + o, (25)
(M.1) PD < Y1, (26)
(M) pD < 4y (27)

We refer to the solution of this problem as the first-best. The planner maximizes all interme-
diary profits simultaneously, subject to a single budget constraint in each state. As shown
in proof of Proposition 2, the first-best requires equal investments for early and late inter-
mediary types at t = 1, which is not necessarily the case in the private market equilibrium.
When markets are incomplete, this can result in an inefficiency that does not occur when

markets are complete, as outlined in the following proposition.

PROPOSITION 2. When intermediaries have access at t = 0 to a complete set of one-

period securities that are contingent on the signal, as well as individual type at t = 1, the
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competitive equilibrium allocation is first-best.
Proof. See Appendix B. O

Securitized assets are unnecessary when intermediaries can trade one-period contingent
securities at time 0. When markets are not complete, i.e., individual type is not contractible,
trading in securitized assets at t = 0 may be useful since this can move resources at t = 1
from intermediaries whose assets have paid out to those whose have not. This is especially
valuable when intermediaries face binding constraints at time 1, since those whose assets
have not paid out at ¢t = 1 place higher value on cash. The following result shows that when

there are no frictions in the process, securitization completes markets in this environment.

PROPOSITION 3. When there are no contingent securities at t = 0, but securitization is

frictionless, so that a = 0, the private market equilibrium allocation is first-best.

Proof. See Appendix B. n

When there are no frictions in the securitization process, contingent securities are not
necessary to achieve the first-best. This is because intermediaries that are constrained at
t = 1 find it worthwhile to securitize their assets at t = 0. When a = 0, this means
that the constrained equilibrium is ruled out since all assets are securitized and there is no
heterogeneity (and thus no trade) ex-post.!? Tt is important to stress at this point that we
rule out borrowing between intermediaries at ¢ = 1. If there were frictionless borrowing at
t = 1, then this also delivers the first-best without the need for securitization or contingent

contracts.

19While we assume Tp; = Sp,; = (1 — a)lp j, intermediaries may not securitize all assets if they do not
anticipate being constrained, and in this case there may be differences across types at ¢ = 1. However,
we show below that this is not inefficient since this results only in cash transfers across risk-neutral parties
and does not affect aggregate investment. Note that if intermediaries were risk-averse, they would always
securitize the full amount since this has insurance value which is irrelevant in our setting.
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4.2 Second-Best and Inefficient Investment

We now consider the case where markets are incomplete and there are frictions associated
with the securitization process. When a > 0 and there are no alternative funds available at
t = 1, late intermediaries must secure funding through asset sales on the spot market. In
this case, there is trade at ¢ = 1 and atomistic intermediaries fail to endogeneize the price
effects of their time 0 decisions. This can result in constrained inefficiency, in the sense that
a planner can engineer Pareto improvements even when subject to the same restrictions as
the private economy, unlike the Planner described in Section 4.1.

To show that the competitive equilibrium can be constrained inefficient, consider a per-
turbation of aggregate investment dl, = fj dly ;, such that dlj ; is equal for all j. The effect

of this perturbation on intermediary j’s profits at the competitive equilibrium is:

i, dpi \ dpy \
d_[(‘: = Al,e,j (_d_[OTl,e,j) + >\1,ne7j (_d_[O(Tl,ne,j - Sl,ne,j)) : (28)

The direct impacts of the change are zero at the equilibrium allocation, which satisfies the
individual first-order conditions. What remains are the price effects that arise from a change
in aggregate investment, something not considered by individual decision makers. Note that
such a perturbation generally affects both prices py and p;, however changes in py have no
impact on time 0 intermediaries at the equilibrium, since each has net securitized assets
purchases of zero. Importantly, if dII;/dly # 0, the equilibrium is constrained inefficient.
To see this, consider a constrained planning problem in which the planner is forced to
make use of the same instruments as private intermediaries. Thus, the planner solves the
private intermediary problem, except that a planner considers the implications of aggregate
investment and thus endongeneizes the price effects described in (28). Therefore, (28) is
precisely the difference between the individuals’ first order condition on ¢ = 0 investment

and second-best planner’s problem. The following proposition summarizes the inefficiency.
PROPOSITION 4. When a > 0, the competitive market equilibrium is constrained ineffi-
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cient whenever py r; > 0. Parameters exist which support either over or under investment.

o [Ry— % > 0 is sufficient for under-investment.

. % — IRy > a(l — )Ry is sufficient for over-investment.

Proof. See Appendix B. n

When unconstrained, the marginal return to ¢ = 1 investment is equalized across in-
termediaries and thus ¢ = 0 decisions reflect the full social cost and benefit of investment.
More specifically, individual intermediaries do not internalize the impacts of I, ; on aggregate
cash in the market and thus prices, which they take as given. The price impacts of individ-
ual decisions result in inefficiency because they influence aggregate investment and do not
merely represent cash redistributions at ¢t = 1 (which have no welfare implications). When
IRy—1/p >0, t =0 investment generates additional aggregate cash in the market at t = 1,
which results in a higher asset price and welfare improvements. If [Rq — 1/ is sufficiently

negative on the other hand, this has the opposite effect and results in over-investment.

4.3 Policy and over-investment

We now consider the use of two real-world regulatory instruments that are relevant to the
inefficiency in our model. In this section we focus solely on the over-investment case. The

following corollary of Proposition 4 considers the direct impact of restricting investment.

COROLLARY 4.1. Restrictions on leverage increase welfare when the competitive equilib-

rium 1s characterized by over-investment.

A reduction in leverage in our framework is equivalent to a reduction in initial investment
and the result is obtained directly from Proposition 4. This increases welfare due to the
increase in p;, which effectively transfers resources from early to late types. While this is
the most direct approach, this policy requires that a regulator have the information and

power to impose such a restriction. An alternative possibility, which may be relevant for
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the reasons discussion in Section 1, is to reduce the collateral value of investment by further
tightening the skin-in-the-game constraint. In our model, this can be analyzed with the

following comparative static result.

PROPOSITION 5. In the over-investment case, welfare decreases when skin-in-the-game

requirements are tightened, dIT; /da < 0.

Proof. See Appendix B. m
Consider,
d_a] = —poilo; — da [ Lejlie;+ Al,ne,jTl,ne,j] . (29)

First note that this derivative is zero in the unconstrained case. This is because production
at early and late types is identical when unconstrained, and a change in a amounts to
a redistribution of cash between risk-neutral individuals in period 1. When constrained,
the first term in the expression above is the direct effect, which is always negative and
captures the fact that increasing skin-in-the-game requirements leads to lower investment
at t = 0 as it restricts the ability of intermediaries to generate collateral. The second term
is the indirect effect, which captures the change in the equilibrium price due to changes in
a through the effect on aggregate investment at t = 0. Increasing a will tend to reduce
investment at ¢ = 0 which will reduce the severity of the fire-sales at t = 1. As a result,
the price of assets at ¢ = 1 are pushed up. If the price effect dominates the direct effect, it
seems plausible that a regulator could achieve a Pareto improvement by tightening the skin-
in-the-game requirements (at least for some parameterizations). The proof of Proposition
5 shows that the price effect is never sufficient to offset the direct reduction in welfare
from the restriction. The reason for this is that a price increase raises collateral value and
thus investment, defeating the purpose of the policy. Thus, while securitization leads to
more investment /leverage, which is already excessive from a second-best perspective, this is
always welfare improving. The impact on the equilibrium price p; due to an increase in a is

illustrated in Figure 6.
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Figure 6: Impact on ¢ = 1 equilibrium of tightening skin-in-the-game requirements in the
case of over-investment.

5 Conclusion

In the absence of market frictions, securitization provides valuable risk-sharing in the
financial sector when there are incomplete markets. When intermediaries are forced to
hold some of the idiosyncratic risk associated with their investments however, a pecuniary
externality can generate inefficient investment ex-ante and excessive fire-sales ex-post. Over-
investment can be reduced by simple restrictions on leverage. However, reducing leverage

indirectly by tightening skin-in-the-game is never welfare improving.

29



References

Allen, Franklin, and Douglas Gale, 2004, Financial intermediaries and markets, Fconometrica

72, 1023-1061.

Bernanke, Ben, Carol Bertaut, Laurie Demarco, and Steven Kamin, 2011, International
capital flows and the returns to safe assets in the United States, 2003-2007, International

Finance Discussion Papers 1014, Board of Governors of the Federal Reserve System (U.S.).

Brunnermeier, Markus, and Martin Oehmke, 2013, Bubbles, Financial Crises, and Systemic

Risk (Elsevier, Amsterdam).

Caballero, Ricardo, and Arvind Krishnamurthy, 2001, International and domestic collateral
constraints in a model of emerging market crises, Journal of Monetary Economics 48,

513-548.

Cerasi, Vittoria, and Jean-Charles Rochet, 2014, Rethinking the regulatory treatment of

securitization, Journal of Financial Stability 10, 20-31.

Coval, Joshua, Jakub Jurek, and Eric Stafford, 2009, The economics of structured finance,

Journal of Economic Perspectives 23, 3—26.
Davila, Eduardo, 2015, Dissecting fire sales externalities, Working paper, NYU Stern.

Davila, J., J. Hong, P. Krusell, and J.V. Rios-Rull, 2012, Constrained efficiency in the
neoclassical growth model with uninsurable idiosyncratic shocks., Econometrica 80, 2431—

2467.

DeMarzo, Peter, 2005, The pooling and tranching of securities: A model of informed inter-

mediation, Review of Financial Studies 18, 1-36.

DeMarzo, Peter, and Darrell Duffie, 1999, A liquidity-based model of security design, Fcono-
metrica 67, 65-99.

30



Diamond, Douglas, 1984, Intermediation and delegated monitoring, Review of Economic

Studies 51, 393-414.

Diamond, Peter, 1980, Efficiency with uncertain supply, Review of Economic Studies 47,
645-651.

Farhi, E.;, M. Golosov, and A. Tsyvinski, 2009, A theory of liquidity and regulation of

financial intermediation, Review of Economic Studies 76, 973-992.

Gale, Douglas, and Piero Gottardi, 2015, Capital structure, investment, and fire sales, Review

of Financial Studies 28, 2502-2533.

Geanakoplos, John, and Herakles Polemarchakis, 1986, Existence, regularity, and constrained
suboptimality of competitive allocations when the asset market is incomplete, in W.P.
Heller, R.M. Ross, and D.A. Starrett, eds., Uncertainty, Information and Communication:

FEssays in Honor of Kenneth Arrow, volume 3, 65-95 (Cambridge University Press).

Gennaioli, Nicola, Andrei Shleifer, and Robert Vishny, 2013, A model of shadow banking,
Journal of Finance 68, 1331-1363.

Gorton, Gary, and Andrew Metrick, 2012, Securitization, Working Paper 18611, National

Bureau of Economic Research.

Greenwald, Bruce, and Joseph Stiglitz, 1986, Externalities in economies with imperfect in-

formation and incomplete markets, Quarterly Journal of Economics 101, 229-264.

Gromb, Denis, and Dimitri Vayanos, 2002, Equilibrium and welfare in markets with finan-

cially constrained arbitrageurs, Journal of Financial Economics 66, 361-407.

Hanson, Samuel, and Adi Sunderam, 2013, Are there too many safe securities? securitization
and the incentives for information production, Journal of Financial Economics 108, 565—

084.

31



Hart, Oliver, 1975, On the optimality of equilibrium when the market structure is incomplete,

Journal of Economic Theory 11, 418-443.

Hartman-Glaser, Barney, Tomasz Piskorski, and Alexei Tchistyi, 2012, Optimal securitiza-

tion with moral hazard, Journal of Financial Economics 104, 186-202.
He, Zhiguo, and Peter Kondor, forthcoming, Inefficient investment waves, Econometrica .

Holmstrom, Bengt, and Jean Tirole, 1997, Financial intermediation, loanable funds, and the

real sector, The Quarterly Journal of Economics 102, 663—691.

Kehoe, Timothy, and David Levine, 1993, Debt-constrained asset markets, Review of Eco-
nomic Studies 60, 865—888.

Kiff, John, and Michael Kisser, 2014, Asset securitization and optimal retention, Journal of

Financial Stability 10, 32-49.

Kilenthong, Weerachart, and Robert Townsend, 2016, A market based solution for fire sales
and other pecuniary externalities, Working Paper 22056, National Bureau of Economic

Research.

Krishnamurthy, Arvind, 2010, Amplification mechanisms in liquidity crises, American Eco-

nomic Journal: Macroeconomics 2, 1-30.
Lorenzoni, Guido, 2008, Inefficient credit booms, Review of Economic Studies 75, 809—-833.
Mirza, Afrasiab, and Eric Stephens, 2016, A model of a credit crunch, Working paper.

Segoviano, Miguel, Bradley Jones, Peter Lindner, and Johannes Blankheim, 2015, Securiti-

zation: The road ahead, Imf staff discussion note, International Monetary Fund.

Shleifer, Andrei, and Robert Vishny, 1992, Liquidation values and debt capacity: A market

equilibrium approach, Journal of Finance 47, 1343-1366.

32



Shleifer, Andrei, and Robert Vishny, 2010, Unstable banking, Journal of Financial Eco-
nomics 97, 306-318.

Stein, Jeremy, 2012, Monetary policy as financial-stability regulation, Quarterly Journal of
Economics 127, 57-95.

Stiglitz, Joseph, 1982, The inefficiency of the stock market equilibrium, Review of Economic
Studies 49, 241-261.

Stiglitz, Joseph, and Andrew Weiss, 1981, Credit rationing in markets with imperfect infor-

mation, American Economic Review 71, 393-410.

Toda, Alexis, 2015, Securitization and leverage in general equilibrium, Working paper, Uni-

versity of California, San Diego (UCSD).

33



A Intermediary Problem

Rewrite the intermediaries’ objective as follows:

IL =plagnBalip; + i) +1—p) [(@R1L1e; — c(L1ej) + Y1ej) + (1= D(@R1 11 ne; — ¢(Lines) + Yine)
+qu(m(b) = ) Ro((1 =) (Lo; — S0, + Tog) + 1T + (1 = D(Tinej = Sime))]—clo)—pD;.

Necessary conditions for an optimum are:
loj (1 =p)a(m(b) = DRo(1 = 1) + (Ainy + Aeg) Ro + (1o + pi1,55)(1 — @) = Aoy — ¢ (Lp;) <0
(30)

TO,j (1 —p)ql(w(b) - l)Ro(l — l) + ()\Lh,j + l<)\1,e,j + Al,ne,j))RO -+ /J/I,T,j(l — l) — )\O,jpo S 0
(31)

Sog = (L=p)a(r(b) = )Ro(1 = 1) — (Arnj + Aej)Bo — (poj + #1,55) + Aojpo <0

W W
W N

Dj:—p+Xoj—Phn; — PNej— Pimej <0
Ly pgnBRy — Aipy <0

w
=~

Lej (1 =p)lgRy — Aiej — (L —p)icd(T1e;) <0 35
Tiej (1= p)la(m(b) — )Ro — AMejp1 <0 36
Dipej (L =p) (1 =DqRy = Mpej — (1 = p) (L = 1)/ (I1 pe,;) <0 37
Time (1 =p) (1 = Da(m(b) = )Ry = My pejp1 + pry; =0

w
Ne)

Stmej = (L =p)(1 = Daq(m(b) —1)Ro 4 A nejp1 — p1,5, <0
Yoj:— Aoj+ ALng T Alej + Atney <0
Yi,hg P — ALhyg + Mny =0
Y (1 =D) = Aej +M1e; =0
Yines (L =p)(1 = 1) = Mpej + Mnej =0

I
N = O

N N N N N /N N N N /N /N
= (O8]
w co
N N e e e o e T T S N

It is straightforward to show that all budget and collateral constraints bind:

A0, AMhjs AMlejs Monejs Tokygs Meis Mione,j > 0.

It is shown in Lemma 5 that when constrained at t = 1, Sp; = Tp; = (1 — a)lp;. When
unconstrained, intermediaries are indifferent over their choices of Tj ; and Sy ;, so as discussed
in the paper we simply assume they prefer to securitize all assets. To characterize the
solution, we impose this and recast the intermediary problem accordingly. Focusing on the
case in which g1 7; > 0, we use the constraints to rewrite the choice variables in terms of
I()’j7 and ]L@J'
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Choice variables given Iy ;, and I ;:
Yo,; = 0,
Dj = Io; — Wint,
I hj = Roloj — pDj,
= (Bo — p) Lo + pwins,
Yiej = Yimej = Yihg = PDj,
(aRy + (1 — a)lRo)Io; — pD;j — I.0
b

aRy+ (1 —a)lRy — 1 1
= ( el )1Fo p) Iy; — (—> Licj+ (—) PWint,
P y4! J4!
Tl,ne,j = —(1 — l)(l — CL)IOJ,
I ey = ((1 - a) (ZRO + (1 - l)p1) - P)Io,j + PWint,

The multipliers are determined by the first order conditions as follows:

Thej =

A = panlin,

Mej= 1 =p)laR —(I1.;)) = (L= plan(m(b) = DRy

P
AMneg = (1 =p) (1 = D(@R = (Tine5)),
Ao = P(ALhg F Aej + Anej)s
M,hj = AMhj — P
Mej = Mej — (L =D)L,
Mone,j = /\1,ne,j - (1 - p)(l - l)»
Ho,j = o+ (1 - l)pllul,T,ja
h
Hir; = Al,ne,jpl - (1 - p)(l - l)Ql(W(b) - Z)Rm
=D )\l,ne,j - ul;l)/\l,eg

Substituting the expressions above into the first order conditions on Iy ; and /; . ; and ma-
nipulating, we obtain the following three equations that characterize the optimal investment
(we include I, ; again for convenience).

(Ro = p) A + (aBo + (1 = a)lRo — p) Ay + (1 = p)(1 = (a + (1 = a)l)qu(m(b) — 1) Ro

1= p)(1— (@R — ¢ (Tne)) (1 —a) (IRo + (1~ D) — p) = ¢(Tn,). (44)
aR — W — (L), (45)
((1 - a) (ZRO + (1 - l)pl) - p)[l),j + PWint = Il,ne,j- (46)

The intermediaries’ problem has a unique solution when the corresponding second-order
conditions hold. As the objective is separable in Iy, and I ., it suffices to show that

20 20 . . .
gl_gj- <0, ‘;)szj < 0, which is true from the assumption that ¢’(-) > 0.
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The t = 0, 1 market-clearing conditions written in terms of (equilibrium) investments are:
]ine,j(pmpl) = ((lRo+ (1 = 1)p1)(1 —a) — p) ]g,j(]?o,]?l) + PWint, (47)

qw@mm>=(aw+au—nw—“‘”Ql—wm—p)mgmmn+pmm (418)

l

These conditions have been simplified to show that prices are such that both late and early
types invest available funds at time 1. Available funds for early (late) types is cash from
time 0 investments, net of purchases (sales) and required collateral, p(I§ ; — Win).

B Proofs

Proof of Lemma 1

Proof. Let IRy < 1/8. At t = 0, investors value securitized assets at fm(r)Ry = BlRy <
1 < po. If IRy > 1/f, intermediaries can take on debt to purchase securitized assets and be
guaranteed sufficient returns at ¢ = 1 to cover the debt at ¢ = 2. Thus, an equilibrium py
must be at least as large as gross returns on the time 0 asset to clear the market. Rewriting
(1), gross returns are (R + (1 — ) Ry[p + (1 — p)g(w(b) — 1)] > BIRy. Thus, investors do not
purchase securitized assets in either case. O

Proof of Lemma 2
Proof. Using D; = Iy ; — win: from the solution to the intermediaries’ problem we have

OD; _ 0Ly Aimg + Aves + ey
(9/) (9/) CN(IQJ‘)

using (44) when intermediaries are unconstrained. In the constrained case, we have

<0, (49)

0lo;  Aupy+ Ay + Aney — (1= p)(1 = 1) [¢"(Tine) Di((1 = @) (IRy + (1 = 1)p1) — p)]

dp (o) + ¢ (Ine,) (1 = p)(1 = (1 = a)(IRo + (1 = )p1) — p)? ’
where we have used (46) to obtain I .. = ((1 —a)(IRo+ (1 = I)p1) — p) Ly ; — (Loj — Wint)-

Then, ag;’j < 0 when

Mg+ Aej + AMone

1—a)(lRy+ (1 -1 —p < — ) 50
(= o+ =00 =0 < a0 (Fy ) oy — ) (50)
A sufficient condition for this is:
R 1—

(1 —p)(1 = Dw;c" ((IRy — r)w; + I Rowint)

In the constrained case, an increase in p not only reduces generally the available resources at
t = 1, it also changes the value of resources for late types. When (1 —a)(l + (1 — I)q (7w (b) —
[))Ry — p > 0, this value may in fact increase with p. When the above condition holds, it
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ensures that this increase is dominated by the general decline resources. Hence, when this
condition holds, demand for debt is always downward sloping.

To see that D; > 0 when p < E, (m(w)) Ry — ¢'(wine), first note that ly; = D; + win.
Then, using (30), and noting that A\, ; = pgR1 > p, AMpej > (1—p)(1—=1), Aiej > (1 —p)l,
and 11 7; > 0, the marginal benefit of the first unit of debt is at least

p(Ro = p) + (L =p)i((a+ (1 = a)l)Ro — p) + (1 = p)(1 = ))((1 — a)lRy — p)
+(1-p)(1- l)qz( (b) — D) Ro — ¢ (wint) (52)
= Ew ( ( )) RO (wmt) > 07 (53>

when p < E, (m(w)) Ry — ¢/ (Wipe). Thus, D; > 0 and Iy ; > Wi
To prove the second part of the Lemma, combine (33) with (41)-(43) to obtain X\ ; <
P(Mpj + Mej + Aney). Then, using this in (40), the marginal benefit to holding reserves
1S (—p + 1)()‘1,h,j + /\1767]' + /\l,ne,j> <0 as P > 671 > 1.
To prove the next part of the Lemma, use (34) and (
pgn Ry, —p > 0, (35) and (42) to obtain ny.; > (1 — p)l (qR1 — ¢/ (L14)) > 0, and (37) and
(43) to get Mpe; > (1 —p)(1 = 1) (@R1 — ¢/ (L1,ne,5)) > 0, where all three strict inequalities
follow from Assumption 2. n

41) to obtain: m1 4 = A pj; —p >

Proof of Lemma 3

Proof. When p; < p;, returns on purchasing assets strictly dominate investing, hence I, . ; =

0, and Ty, = aROIO]HROTO] ?Di via the budget constraint (3). When, p; > p1, combining
(35) and (36), we obtam the desired characterization for Iy . ;, and 7. ; follows from (6).
Furthermore,

q(m(b) — ) Ro

o =2mO) = O 54
bed " (Io;)p3 (54)

Thus,
ag;f] _ —1I . ;1 — (aRoly +pllR0To’j —rD; — 1) “o (55)
O
Proof of Lemma 4
Proof. The proof is analogous to Lemma 3. [

Proof of Lemma 5

Proof. Equations (35) and (36) yield
d(I.) =q (R1 _ M) ‘ (56)

4

Similarly, using (37) and (38) we have

¢(Tine) = @ <R1 _ (@(0) DR + M1,T,j> ‘

b1
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Hence, pt17; = 0 & Ii.; = I1nej. Moreover, when py7; > 0, (L1 ne;) < ¢ (L1e;) =
I c; > I pej as c(+) is convex. Adding (31), and (32), we obtain [RoA1 e j — (1 — 1) RoA1 e +
(1 —=0prry < po,j+ s, Substituting expressions for A . j, and Ay . ; from the first order
conditions we can simplify as follows:

R
[ (lp—o +(1- l)) = Hoj + p1,8,- (58)
1

Since the bracketed term in (58) is strictly positive, p11; > 0 < poj + pu1,s,; > 0. Finally,
to show that po; > 0, and p15; = 0, we add (30), and (32), to obtain [Ag (po — 1) —
d(Ipj)]/a = poj + tu,s;, when investment and sales are non-negative. This implies that
po > 1+ (Ioj)/Mo; > 1. Hence, it is profitable to invest and then sell assets at t = 0. As a
result, p; > 0, and therefore p; g ; = 0 since there are no assets to sell at period 1. O

Proof of Lemma 6

Proof. The condition characterizing optimal I, is derived formally in Appendix A (see
(44)). Noting that Sp; = Tpj, the expression for Dy ; follows from the period 0 budget
constraint. [

Proof of Proposition 1

Proof. It suffices to show there is a unique p; that clears the asset market at ¢ = 1. We focus
on prices that satisfy p1 > p1 = q(7(b) — I)Ro/qR1, otherwise neither early or late types
invest at ¢t = 1. In an equilibrium with no investment at ¢ = 1, excess demand is

i(ZROIO,J' - pDy), (59)

b1
where the bracketed term is aggregate resources net of debt obligations at t = 1. Thus, inter-
mediaries invest exactly that amount which allows them to satisfy their debt requirements.
This type of equilibrium will arise when investments at t = 0 are sufficiently more profitable
than those at ¢ = 1. With no investment at ¢ = 1 there is no inefficiency in our model and
thus we ignore these cases.

First, consider constrained equilibria at ¢ = 1. As shown in Lemma 3, demand for assets
at t = 1 is monotone decreasing. For a given Iy ; > 0, the quantity traded is (1 —a)(1—1)lo;
and the unique price is simply determined by demand as characterized in Section A. We
provide a condition on model primitives in Lemma 1.1 that is sufficient to ensure the existence
of such a (unique) constrained equilibrium.

If the equilibrium is unconstrained, excess demand at ¢t = 1 is given by

lRo[()’j — pD] — [1
p1 ’

(60)

where I1 = I, . ; = 11 ne,;, since investments are equalized in the unconstrained case. Differ-
entiating (60) with respect to p; gives

I [IRoly; — pD; — I
——1—( Ll Bl i 1)<0, (61)
P1 p1
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as I{ > 0 and collateral constraints require {Roly; — pD; — I; > 0. Thus excess demand is
strictly decreasing in p;. Furthermore, demand exceeds supply at p;, since I; = 0 at this
price and resources must be positive for ¢ = 1 investment to be non-zero. To show that
excess demand is negative for some p; < q(m(b) — )Ry, it suffices to show that demand
is zero at this price. From the first order conditions on investment and asset purchases at
t =1, (35) and (36), we have

ql(ﬂ'(b) - Z)RO
p1

At py = q(m(b) — )Ry, this collapses to 1 < ¢ Ry — ¢/(I1,;), which is strict by Assumption
2 and therefore demand for assets is zero. Given that excess demand is continuous, we
conclude that an equilibrium in the asset market at ¢ = 1 exists and is unique. O]

< @Ry — (I ). (62)

Proof of Corollary 1.1
Proof. When investment is positive, at an interior

]177157]' - (1 - CI,)ZR()[Q’]' + pD]

S1= 63
n (63)
I/ne' Ine' 1—(ZZRI— D. I/ne'_S
Si _ Lnej 11, 27] +( ) 020,] pL; _ 1,ne,j 1' (64)
P Pr D1 ) D1
Investm;r?c motive Collater;T Motive

The collateral motive is negative when (1 — a)lRyly; — pD; < 0, so that late types must
raise money to cover debt. If this effect is dominant, the supply curve is downward sloping.

We now show that supply can be upward sloping in the range where I;,.; > 0. It
is sufficient to show that Ij,.;, —S1 > 0 can be positive at S1 = (1 — a)lo; — ITp; =
(1 —a)(1 —1)I , which is the maximum value of S;. Rewriting gives

q(m(b) — )Ry
C//(Il,ne,j )p%

> (1—a)(1— 1)y, (65)

Using p1 < qi(7(b) —)Ro and Iy ; < w; + wint, we have the following sufficient condition

1

C”(IUZ'(ZRO — P) T winthO) > %(77(6) - Z)R()(l — a)(l — l)(wz + wmt), (66)

"

if ¢"(-) > 0. The following condition is sufficient if ¢ (-) < 0

1
C//(O)

Z qu(m(b) = ) Ro(1 — a)(1 = [)(w + win). (67)

To complete the proof, we show that parameters exist such that the equilibrium may
be constrained. First, posit an unconstrained equilibrium in which excess demand is zero.
From the first order conditions we have

_ () ~ DRy

, 68
qRy — (1) (68)
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where ) ; = 1 ¢ ; = I nej = [Rolo; — pDj, since the sales constraint is slack by assumption.
Substituting this into the individuals’ supply function gives the equilibrium quantity
g . CLlRofoyj(qul — C/(]l,j))
1 = .
J ql(ﬂ'(b) — Z)RO

If S;; > (1 —1)(1 —a)ly,, then the equilibrium must be constrained. The time 1 asset is
assumed to be positive NPV, so that ¢;R; — ¢/(I;;) > 1. Using this and simplifying gives

(69)

(-D(i-a _1

l a qQ

(w(b) = 1) (70)

O
Proof of Proposition 2

Proof. We first outline the salient features of solution to the planning problem described
n (22)-(27). It is straightforward to show that all budget and collateral constraints bind,
that no reserves are held at t = 0 and the interior solution is unique since —c”(1y) < 0.
Combining the first order conditions on ¢ = 1 investment gives

(1 - p)(QlRl - C/([l,e)) = (1 - p)(qu1 - C/(Il,e)) = Lic=1lip=11. (71)
Furthermore,

I, = (Ro — p) Lo + pwint, (72)

Il,e = Il,ne = (ZRO - P)]O + PWint, (73)

where we have used D = Iy — w;,;. Investments at ¢ = 0 and ¢ = 1 are thus related as
follows:

(1 =p)(IRo — p)(@fy — (1)) + p(Ro — p)(anFa) = ¢(Lo). (74)

The planner equates the marginal cost of investment at ¢ = 0 with the marginal benefit of
investment across the states at ¢t = 1, where investments are equalized across intermediary
types in the low state.

Contingent Securities

We now introduce contingent securities traded at ¢ = 0, conditional on individual type
at t = 1, when o = [ (there is no gains from trading securities that pay off when o = h
since all intermediaries are identical in this state). Further, there is no motive for trade at
t = 1 and we ignore this possibility. The security pays the owner one unit, conditional on
o = [ and the realization of late returns. Denote by (,. and (. the quantities of this security
purchased or sold, and py the corresponding price. The intermediaries’ problem is:

IL; = plgnRalin +vingl + (L —p)laRilie; — c(L1e;) + Y1
+ (1 =p) (A = D]@Riline; — c(Tinei) + Yinejl — cloj) — pDj, (75)
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subject to:

/\ )]0]+p0<Cne] Cej)—l—ijSwint—'—Dj? 76

/\1h]> Ilh] +y1hJ§ROIOJ +y0]7 77
>\16 )Ile]+yle]§R0[UJ ( - )C6j+y0,j7 7

( (
( (
( (
(Monej) Line + Yine < —lCrej + Yo, (79
( (
( (
( (

09

(e
~— — — S N N —

771hg) PD < Yi,hgs 8
Mie, ) D <y1€j7 81

nlnej) PD <y1ne] 82

All budget constraints bind, yo ; = 0, and all collateral constraints will bind, so that y; 5 ; =
Yiej = Yine; = pDj. We can then rewrite the objective and obtain the following necessary
optimality conditions:

Io; :pan Ry (Ro — p) + Mej(Ro — p) + Anej(—p) = 0, (83
Lej:(L=p)lgR — (I1e;)] = My (84
Line :(1 =p)(1 = 1) [l — ¢ (T1ne,)] = Mone s (8
Cne.j PaREL(—ppo) + Aej(—=ppo) + Ane (I — ppo) = 0, (86
Ce.j :PanRi(ppo) + Aej(ppo — (1 = 1)) + At ne.j(ppo) = 0. (87

Ot
~— — ~— ~— ~—

Using (86) and (87), we obtain Ay ¢ ;/l = Ay e ;/(1—1), which substituted into the first order
conditions for ¢ = 1 investment yield I, ; = [i ne; = [1,;. Thus, trading securities at ¢ = 0
permits agents to equate the marginal returns to investment at ¢ = 1. Write the foc for I ;
as follows:

panBi(Ro — p) + (1 = p) [ae iy — ¢ (15)] (1Ro — p) = (1) (88)
This is identical to (74), hence the market allocation when Arrow securities are traded is
Pareto efficient. O

Proof of Proposition 3

Proof. When a = 0 intermediaries are never constrained at ¢ = 1. Suppose they are con-
strained, then by Lemma 5, they are constrained at t = 0. As a = 0, this implies that
So,; = 1o, but then at ¢ = 1 early and late intermediaries have the same resources. Thus,
there is no motive for trade at ¢ = 1, and therefore no asset sales and hence intermediaries
are never constrained. Clearly, this implies that I . ; = Ij pej = 1.

The necessary conditions for an optimum to the intermediaries’ problem can be reduced
to the following:

Toj :(L = p)q(m(D) — )Ro(1 = 1) — ' (Io5) + Ay + Meyj + Mne] (Ro—p) =0, (89)

Liej:(1=plgRy — Mej— (1 =p)ld(L) =0, (90)
Il,ne,j (1 - p)(]_ - l)qul - /\l,ne,j - (]_ - p)(l - Z)C/(Il> =0. (91)
Substituting (90) and (91) into (89), we obtain (74) from the solution to the Planner’s
problem. O
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Proof of Proposition 4

Proof. Differentiating the Lagrangian for the intermediaries’ problem we have:

dily — dpy [Mir,
L= | =21 - 01— a)l; 92
d[(] d[() pi( ( )( a’) 0f> ( )

where we use the market clearing condition /77, ; = —(1 — )77 Since the price effect in

1,ne,j"
(92) is non-zero, the equilibrium is inefficient whenever uj ,; > 0.

To characterize the nature of the inefficiency, note that from (92), sign(dIl;/dly) =
sign(dp;/dIy). Multiplying the market clearing condition at ¢ = 1 by p; and noting that
TV pe; = —(1=DT5; = —(1 = 1)(1 — a)lj; due to the binding sales constraint implies that
nlTy, = pi(1 = 1)*(1 — a)I} ;. Differentiating with respect to Iy, and noting that S ; = Tj
gives:

dp; _ L{(L+ a1 = )Ry~ 1/8) — (1~ D*(1 — a)p; -
dlo 1S 4 (1—12(1—a)}

dpy

djjle = ‘iﬁfé}(f)_;)]fg > (0 as ¢’ > 0. Thus, the sign of

1l,e,7/¥1
dp? /dly is determined solely by the numerator. First, we characterize parameters to support

the under-investment case. Under-investment occurs when

. H((+a(l=1)Ry— 1/8)
L T s R

The denominator is strictly positive since

(94)

From Lemma 5, we know that I, ., < Iy . when late sellers are constrained. Using (47)

and (48), we have the following upper bound on the price in a constrained equilibrium:

CLZR()
1<Pe=—""-——"+. 95
Therefore, a sufficient condition for (94) is
IR A 1—-10)Ry—1
alffy, WA =D)R—1/B) g -1y (96)

(1-=0(1—a) (1-0%(1—-a)

which is the expression in Proposition 4.

Over-investment occurs when the inequality in (94) is reversed. Positive investment at
t = 1 requires p; > p1 = (m(b) — ) Ro/ Ry, and thus a sufficient condition for over-investment
1s

(m() = DFo _ 1(+ (1= D)Fo —1/8)

7 (- 12(1—a) (87)
Manipulating gives
R(] (1—[) (1—@) lRo—l/ﬁ—i‘a(l—l)Ro
E(W(M -0 l a a(l —1) ' (98)
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Assume that

) -0 L (90)

which from (70), ensures a constrained equilibrium. Substituting (99) into (98) we have

1
1/8—1Ry > a(l — )Ry (1 — ) : (100)
q Ry
Since 1 — 1/q;R; < 1, the condition in Proposition 4 follows.
O
Proof of Proposition 5
Proof.
TS dp;
L=l S (1 —a)(1— 1)+ — IRy — (1 = D)p} 101
da p?.[ ( a)( ) da 0 ( )pl ) ( )

where we have used (58), and 17, = S5 ; = (1 — a)l5;. We ignore the price effects arising
from changes in pj, since changes to pj; have no welfare implications at the equilibrium. This
is because all intermediaries have net zero sales at ¢ = 0, thus changes in pf do not alter the
budget and thus do not affect investment.

The t = 1 market-clearing condition, IT}, = (1 — )T}

T e can be expressed as:

((a+ (A —a)l)Ro—1/B) 1§ ; + wint /B — IT
21

l

=(1-1*(1—a)l;,. (102)

Differentiating both sides with respect to a and solving for %1 we have:

d

. M ar;,
@ ARy + (1 —1)p} ‘ (1=0H(1—a) (<1 — 15, — IRo+(1—1)p} 90 )

_ (103)
da (1=D(=a) | a0 4 laE@eOR 4 (1 — 121 — ) I,
l,e,j
where we have used dlg;:’j = *(2 (/?g I*l)R_()) CZE and
OLi;  (IRo+ (1= Dp)(1 = p)(1 1) (che — €, + chreMucs ) (104
0a (1= p)(1 =) M, + ¢ ’
oy, —MUEODR (1 p) (1~ 11— a) (@R — ¢, — oMl )
opr (1 =p)(1 = D) M, + ¢ ’
/L17T7j(1—a)(1—l) MAl,ne,j _ " *
— p1 + lp1 Mneloj (105)
(1 - p)<1 - Z)C;;eMT%e + Cg ,
M=(1-0)*1-a)p, —Il((a+ (1 —a)l)Ry— ), (106)
M, = aRy+ (1 —a)lRy — 87, (107)
Mo = (1= a) (IR + (1 = D)py) — B~ (108)
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HJ > (0 when the following is true

% M 8[*’-
dp 1Ry + (1— D)p; (1 =00 = a) (1= DI~ vty o)

Q= > 1.
_ — BT .
do = (1—a)(1-1) Mo ’qig ’(’()13530 + (1 =121 —a)lg;
(109)
Using Ry — M = (I}, ;) from the first order conditions, rewrite (2 as
€
0= : 110
€+ ¢ (110)
where
. A-pA =00 —a)M % '
— (1121 —a)l, + ; (c; . cneMneIOj> , (111)
— 1-p)1=0)*1—-aM MM, (1—
Y4 0 (‘[1 e]) 6p1
6= 1—p)(1—=1c, M +cy>0. (113)
Manipulation gives
(1= palr(b) — DR (M> 15
o= — 4+ —7— >0 114
p10 P1 pic (1163) (114)

M > 0 is simply the condition for over-investment, which is derived in the proof of Proposi-
tion 4. Further, M,,. < 0 in the over-investment case. To see this, note that M, is strictly
increasing in p;. Evaluate M, at the maximum constrained price p. = alRy/(1 —1)(1 — a)
described in (95). This gives M,.(p:) = IRy — 8!, which must be negative in the over-
investment case as shown in the proof of Proposition 4. Thus, both € and ¢ are strictly
positive and ) < 1, implying the effect of the change is negative. m
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