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Abstract

This paper studies the e�ciency of �nancial intermediation through securi-

tization with asymmetric information about the quality of securitized loans. In

this theoretical model, I show that, in general, by providing reputation-based

implicit recourse, the issuer of a loan can credibly signal its quality. However,

in boom stages of the business cycle, information on loan quality remains pri-

vate, and lower quality loans accumulate on balance sheets. This deepens a

subsequent downturn. The longer the duration of a boom, the deeper will

be the fall of output in a subsequent recession. In recessions, the model also

produces ampli�cation of adverse selection problems on re-sale markets for se-

curitized loans. These are especially severe after a prolonged boom period and

when securitized loans of high quality are no longer traded. Finally, the model

suggests that excessive regulation that requires higher explicit risk-retention

by the originators of loans can adversely a�ect both quantity and quality of

investment in the economy.

JEL Classi�cation: E32, E44, G01, G20.

Keywords: securitization, �nancial crisis, asymmetric information, reputation,

implicit recourse, market shutdowns, macro-prudential policy
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Abstrakt

Tento £lánek zkoumá efektivitu �nan£ního zprost°edkování prost°ednictvím

sekuritizace p°i existenci asymetrických informací o kvalit¥ sekuritizovaných

úv¥r·. V tomto teoretickém modelu ukazuji, ºe obecn¥ poskytnutím implicit-

ního rekurzu zaloºeného na reputaci m·ºe emitent d·v¥ryhodn¥ signalizovat

kvalitu jím sekuritizovaných úv¥r·. Av²ak b¥hem konjunktury hospodá°ského

cyklu informace o kvalit¥ úv¥r· z·stává neve°ejná a úv¥ry niº²í kvality se aku-

mulují v rozvahách �nan£ních �rem. Toto prohlubuje následný hospodá°ský

pokles. �ím déle trvá hospodá°ská expanze, tím hlub²í bude propad produktu

v následné recesi. Pro období recese model predikuje také zesílení problému

nep°íznivého výb¥ru na sekundárních trzích sekuritizovaných úv¥r·. Tyto

problémy jsou zejména závaºné po období dlouhotrvající hospodá°ské kon-

junktury, kdy sekuritizované p·j£ky vy²²í kvality p°estávají být obchodovány

úpln¥. Kone£n¥, model nazna£uje, ºe p°ehnaná regulace poºadující vy²²í ex-

plicitní zadrºování rizika emitenty úv¥r· m·ºe negativn¥ ovlivnit mnoºství i

kvalitu investic v ekonomice.



1 Introduction

Securitization has recently attracted a great deal of criticism due to its role in the

�nancial crisis of the late 2000s (e.g. Bernanke, 2010). Securitization and generally

the market-based system of �nancial intermediation grew signi�cantly in importance

in the decades preceding the crisis (Adrian and Shin, 2009). The �nancial crisis of

the late 2000s led to intensi�ed research into the problematic aspects of securitiza-

tion. New research is often very critical about securitization; consider Shleifer and

Vishny (2010), who argue that securitization creates systemic risks and ine�cien-

cies in �nancial intermediation. Currently, regulation of the �nancial sector is being

redrafted and strengthened on national as well as international levels in many de-

veloped countries. The new regulation also addresses securitization practices.1 The

agency problems related to securitization to which most of the criticism points are,

however, not new. Securitization designs contained tools, such as tranche retention

schemes or implicit recourse, that were supposed to limit these negative aspects of

securitization. The question is whether these tools worked e�ciently in the period

prior to the late 2000s �nancial crisis.

In this paper, I show in a dynamic stochastic general equilibrium model that

reputation concerns can allow sponsors of securitized products to credibly signal

the quality of loans by providing implicit recourse and thus limit the problem of

asymmetric information. Implicit recourse is implicit support provided by the issuer

of securitized products to the holders of these assets. This support is not contractual

and is enforced in a reputation equilibrium.2 Typically, there are both pooling

and separating equilibria in this signaling game. By applying Intuitive Criterion

re�nement, I can select a unique separating equilibrium, in which the information

about loan quality is transferred, and the outcome is therefore e�cient. However,

there are limits to the degree of commitment based on reputation and thus also to the

e�ciency of implicit recourse in eliminating the problem of asymmetric information.

Following the empirical evidence in Bloom (2009) and Bloom, Floetotto, Jaimovich,

Sapora-Eksten, and Terry (2012), who �nd that the second moments of �rms' Total

Factor Productivity (TFP) in the economy are countercyclical, the relative di�erence

in the productivity of projects' (loans') in this model is also countercyclical. As a

result, it turns out that even though the steady state provision of implicit recourse

helps to achieve a separating equilibrium, in boom stages of the business cycle,

1Pozsar, Adrian, Ashcraft, and Boesky (2012) describe the role of securitization in shadow
banking, and Adrian and Ashcraft (2012) review the proposals for new regulation.

2For a review of empirical evidence on implicit recourse, a description of its types, and a
discussion of its role in the securitization process, I would like to refer the reader to the literature
review.
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the separation equilibrium would require levels of implicit recourse so high, that

they cannot be enforced through reputation. Therefore, in boom stages of business

cycles, there are only pooling equilibria, in which the information about the quality

of loans remains private and the allocation of investment is ine�cient. This has

only very moderate e�ects as long as the economy stays in a boom, where relative

di�erence in the productivity of projects (loans) is low. However, the e�ect of an

accumulated stock of low quality loans becomes more pronounced in a subsequent

downturn of the economy, which is thus ampli�ed. Further, the longer the boom,

the larger the share of lower quality loans on the balance sheets and the deeper will

be the subsequent downturn.

Results of this paper could also have implications for the related macro-prudential

policy which requires higher explicit risk-retention for the originators (issuers) of the

securitized products (such as in section 941 of the Dodd-Frank reform). Although no

frictions in the model are su�cient to rationalize regulation of this sort, the model

points to an adverse general equilibrium e�ect of higher explicit risk-retention. In

this model, higher than equilibrium explicit risk-retention, such as the practice of

keeping a larger fraction of issued loans on the balance sheet of the issuer, limits

the �nancial intermediation ability of the issuer. Since higher explicit risk-retention

restricts the supply of loans, through the general equilibrium e�ect, it increases equi-

librium prices of securitized assets and makes securitization more pro�table. Higher

prices mean that even the securitization of lower quality loans is pro�table. There-

fore, when regulation is excessive, any possible bene�ts of the regulation, which

are not modeled here, can be outweighed by the adverse general equilibrium e�ect,

which lowers both the quantity and the quality of the investment in the economy.

In an extension of the model, I also introduce asymmetric information between

sellers and buyers of securitized loans on the re-sale market. The model then pro-

duces adverse selection, which is ampli�ed in a recession. The negative impact on

the adverse selection on the market price depends on the share of low quality in-

vestments on the balance sheets. Therefore, adverse selection is especially severe in

a recession following a prolonged boom period. When a price on resale markets falls

low enough, even �rms in need of liquidity �nd it unpro�table to sell high quality

loans for low market prices in order to �nance new investment opportunities. Ulti-

mately, securitized loans of high quality are no longer traded on the re-sale markets

at all.

The mechanism presented in this paper can contribute to the understanding of

the recent �nancial crisis as it replicates some of the securitization market outcomes

observed prior to and during the crisis. In the period preceding the crisis, many
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ine�cient investments of unknown quality were undertaken. While this was not a

problem as long as the economy was performing well, the large amount of low quality

loans in the economy contributed to the depth of the �nancial crisis. Also, during

the crisis, the markets for securitized products were severely strained. The paper

also points to some unexpected e�ects of the newly proposed regulation.

The paper is organized in the following way. Chapter 2 reviews the related lit-

erature. Chapter 3 introduces the set-up of the model and shows its solution, the

e�ect of assumed �nancial frictions and the e�ect of implicit recourse. For analytical

tractability, this chapter focuses on the steady state with only idiosyncratic stochas-

ticity and in which the aggregate variables are deterministic. Chapter 4 shows the

results of the full-�edged model with aggregate stochasticity obtained using global

numerical methods and focuses on the switching between the separating and pooling

equilibria over the business cycle. Chapter 5 develops extensions of the model. In

particular, I discuss the policy implications of the model and produce the adverse

selection on re-sale markets.

2 Literature review

My research is broadly related to several strands of literature. In this chapter, I

would like to focus on research related to securitization with implicit recourse and

to �nancial intermediation imperfections, information frictions, and business cycles.

2.1 Securitization and implicit recourse

Securitization is the process of selling cash �ows related to the loans issued by the

originator (often called the sponsor). The sale of loans is e�ectuated in a legally

separated entity called a special purpose vehicle (SPV) or special purpose entity

(SPE). The entity purchases the right to the cash �ows with resources obtained by

issuing securities in the capital market. The sponsor and the SPV are �bankruptcy

remote�, and the sale of loans is o�cially considered to be complete, i.e., the sponsor

should transfer all risks to the buyers of newly emitted securities. Loans are pooled

in a portfolio, which is then usually divided into several tranches ordered by seniority,

which have a di�erent exposure to risk. Before the crisis, securitization was perceived

mainly as a means of dispersing credit risk and allocating it to less risk-averse

investors who would be compensated by higher returns, while highly risk-averse

investors could invest into the most senior tranches with high ratings. Due to the

role securitization played in the late 2000s �nancial crisis (e.g. Bernanke 2010),

securitization attracted a lot of criticism, and the attention of researchers turned
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more to the set of agency problems present at di�erent stages of the securitization

process (Shin, 2009). A detailed review of those agency con�icts has been compiled,

for instance, by Paligorova (2009).

Gorton and Pennacchi (1995) were among the �rst to point to moral hazard

problems related to securitization and to address the issue why securitization takes

place despite them. Moral hazard problems stem from the fact that if the risk is

transferred with a loan from the originator of the loan to the investor, the bank

has a reduced incentive to monitor borrowers to increase loan quality. Gorton and

Pennacchi (1995) argue that before the 1980s, securitization was very limited. In

the 1980s, several regulatory changes took place that e�ectively increased the cost

of deposit funding. One key factor was the imposition of a binding credit require-

ment for commercial banks.3 Banks could avoid increased capital requirements by

securitization, which moved some of the risky assets o� their balance sheets. This

view that an important reason for securitization is regulatory arbitrage is shared

by many economists (e.g. Gorton and Pennacchi, 1995; Gertler and Kiyotaki, 2010;

and Gorton and Metrick, 2010). Calomiris and Mason (2004) present some evidence

suggesting regulatory arbitrage is e�ectuated by securitizing banks to increase e�-

ciency of contracting in the situation where capital requirements are unreasonably

high rather than to abuse the safety net. The moral hazard problems and agency

problems in general were then alleviated by the practice of keeping part of the loan

in the portfolio on the balance sheet of the originator. Fender and Mitchell (2009)

study di�erent tranche retention designs and their e�ect on incentives. However,

any loan sale, partial or complete, results in lower incentives to monitor borrowers,

which of course a�ects the price investors are willing to pay for the securitized loan.

Loan originators, thus, have incentive to provide implicit recourse.

Implicit recourse is a particular form of implicit support provided by the issuers

of securitized products to the holders of these assets. They represent a certain

guarantee of the quality of the loan. The guarantee cannot be explicit since it would

then have to abide by regulations and to be kept on the balance sheet of the bank.

Nevertheless, much evidence suggests that implicit recourse was frequently used

during the securitization process (�As the saying goes, the only securitization without

recourse is the last.� [Mason and Rosner, 2007, p. 38]). Gorton and Souleles (2006)

show in a theoretical model that this mutually implicit collusion between investors

and originators of the loans can be an equilibrium result in a repeated game due

to the reputation concerns of the originator, who wants to pursue securitization in

3�In 1981 regulators announced explicit capital requirements for the �rst time in U.S. banking
history: all banks and bank holding companies were required to hold primary capital of at least
5.5 percent of assets by June 1985� (Gorton and Metrick, 2010, p. 10).
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the future at favorable conditions. Several empirical studies documented concrete

cases of implicit recourse or showed indirect evidence of its presence. Higgins and

Mason (2004) study 17 discrete recourse events that were directed to an increase in

the quality of receivables sponsored by 10 di�erent credit-card banks. The forms

of the support provided were, for instance, adding higher quality accounts to the

pool of receivables, removing lower quality accounts, increasing the discount on new

receivables, increasing credit enhancement, and waiving servicing fees. Higgins and

Mason (2004) argue that implicit recourse increases sponsors' stock prices in the

short and long run following the recourse. It also improves their long-run operating

performance. Recourse may help to signal to investors that shocks making recourse

necessary are only transitory.

Another example showing that the risks were not fully transferred during secu-

ritization to the SPV is given by Brunnermeier (2009), who argues that when the

SPV was subject to liquidity problems, which arise from a maturity mismatch be-

tween SPV's assets and liabilities and a sudden reduced interest in the instruments

emitted by the SPV, the sponsor would grant credit lines to it.

In my model, I will concentrate on the relationship between investors and banks,

where the latter have better information about the quality of loans, and I will show

that, due to reputation concerns, the bank has an incentive to signal this quality.

This is in line with the suggestion by Higgins and Mason (2004) that implicit recourse

is used as a signaling tool.

2.2 Financial intermediation imperfections, information fric-

tions, and business cycles

This paper is related to the volume of literature on �nancial frictions in macroeco-

nomic models and the role of asymmetric information and reputation in �nancial

intermediation.

In the recent �nancial crisis, we have witnessed important disruptions of �nancial

intermediation. It became clear that frictions in the �nancial sector are important

and should not be omitted from macroeconomic models. The classical papers that

endogenize �nancial frictions on the side of borrowers include Bernanke and Gertler

(1989), Bernanke, Gertler, and Gilchrist (1999), and Kiyotaki and Moore (1997).

These papers introduce an agency problem between borrowers and lenders, which

give rise to the use of collateral and credit rationing. The resulting endogenous

ampli�cation of the e�ects of the shocks in the economy is denoted as the ��nan-

cial accelerator�. Some of the recent macroeconomic models with �nancial frictions

directly incorporate securitization. Brunnermeier and Sannikov (2014) �nd that
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securitization enables the sharing of idiosyncratic risks but may be amplifying the

systemic risk.

In this paper, I will refer often to the Kiyotaki and Moore (2012) model of mone-

tary economy with di�erences in liquidity among di�erent asset classes. Their model

features borrowing and re-saleability constraints and the stochastic uninsurable ar-

rival of idiosyncratic investment shocks among the market participants. I simplify

this model and in order to study the �nancial intermediation similar to securitiza-

tion, I introduce asymmetric information and model signaling by the provision of

reputation-based implicit recourse.

There is much literature on the adverse selection in lender-borrower relationships

based on asymmetric information, which has developed the original contribution of

Akerlof (1970). In Parlour and Plantin (2008), the intensity of adverse selection on

the markets for securitized assets (sold loans) depends on the proportion of liquidity

sellers and informed sellers, who want to sell low quality loans. Kurlat (2013) models

a similar adverse selection problem in an extension of the model by Kiyotaki and

Moore (2012) and shows that the proportion of sellers of high quality assets is lower

in a recession, which can lead to market shutdowns. Martin (2009) shows that the

relationship between entrepreneurial wealth and aggregate investment, which is the

basis of the already mentioned ��nancial accelerator�, may not be monotonic. In

particular, in states with a low entrepreneurial wealth, screening of borrowers using

collateral requirements may be too costly, and therefore, the economy is in a pooling

equilibrium, in which good borrowers cross-subsidize bad borrowers.

Recent papers study the role of asymmetric information on the interbank market.

Heider, Hoerova, and Holthausen (2009) show that asymmetric information about

counter-party risk can produce market breakdowns. Boissay, Collard, and Smets

(2013) explain, in a model with moral hazard and asymmetric information, why

interbank market freezes are more likely after a credit boom. While in this paper

I focus on securitization markets, I �nd similar results: The liquidity problems on

the securitization markets are more severe in recession especially after a prolonged

boom period.

One of the major assumptions in the model is the existence of a dispersion shock,

which is inspired by the empirical evidence on countercyclical, cross-sectional vari-

ance in the TFP of US �rms in Bloom (2009) and Bloom et al. (2012). These authors

also build models that assume time-varying variance of idiosyncratic TFP shocks

and show that higher variance can cause a recession. Bigio (2013) uses a similar

assumption and shows that a dispersion shock due to the existence of asymmetric

information will worsen the adverse selection problem and create a recession. Com-
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pared to Bigio (2013), my model features reputation-based signaling, which is more

e�ective when the dispersion is larger.

In this paper, the quality of investment decreases in the boom stage of the

business cycle. There is much related literature that deals with the evolution of

bank lending standards over the business cycle. In an empirical paper, Lown and

Morgan (2006) document bank lending standards in the US deteriorated in the boom

stages of the business cycle. In theoretical models with asymmetric information

about the quality of borrowers and a costly screening by banks, Dell'Ariccia and

Marquez (2006) and Ruckes (2004) suggest the reasons for the countercyclical bank

lending standards. In Dell'Ariccia and Marquez (2006), booms are periods with a

lower share of low quality borrowers; therefore, banks, due to competition, decide

not to require collateral in those periods. In Ruckes (2004), boom periods are

related to lower borrower default probabilities, which induce banks to screen less.

This results in lower bank lending standards in the boom, which is similar to the

outcome of this paper. However, in this model, the asymmetric information exists

among �nancial �rms trading securitized loans, and the adverse selection can be

alleviated by reputation-based signaling. Also unlike the mentioned models, my

model is fully dynamic and is better suited to study the time dimension of the

asymmetric information related e�ects.

There are also several papers that study the importance of reputation in the

lender-borrower relationships. Nikolov (2012) introduces reputation in the model of

Kiyotaki and Moore (1997) and shows that reputation represents intangible capital,

which is more valuable in the boom stage of the business cycle, and therefore, it

further strengthens the collateral ampli�cation mechanism. Ordoñez (2012) argues

that unregulated banking disciplined only by reputation forces may be e�cient due

to the saving on regulatory and bankruptcy costs, but is more fragile.

My model is also related to research about the degree of asymmetric information

over the business cycle. While some researchers argue that booms are associated

with a higher degree of trading and therefore more learning (Veldkamp, 2005), others

argue that information may be lost in boom periods of business cycles. Gorton

and Ordoñez (2014) present a model where assets with unknown value can serve

as collateral for borrowing. In booms, none of the parties has the incentive to

verify the value of anasset, and the economy saves on information acquisition costs

and enjoys a �bliss-full ignorance� equilibrium, while in periods with low aggregate

productivity, lenders have incentives to verify the value of collateral, which leads to

underinvestment. In my model, higher productivity will also be associated with less

public information, but this would create ine�ciencies.
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3 Model

To allow for maximum tractability, the set-up of the model is rather simple. The

economy contains a continuum of �nancial �rms, which have stochastic investment

opportunities. The problem in this model is to transfer resources from �rms with-

out investment opportunities or with low quality investment opportunities to �rms

with the best investment opportunities. The transfer of funds is possible through

securitization, which is modeled as a sale of cash �ows from the funded projects.4

3.1 Model set-up

3.1.1 Investment projects

There are three types of projects available to �nancial �rms and the allocation of

�rms to projects is stochastic through an i.i.d. shock:

• (1− π) share of �rms (subset Zt) don't have access to new investment projects;

• πµ share of �rms (subset Ht) have access to high quality projects with high

gross pro�t per unit of capital rht = AhtK
α−1
t ; and

• π (1− µ) share of �rms (subset Lt) have access to low quality projects with

low gross pro�t per unit of capital rlt = AltK
α−1
t .

This shock cannot be insured.

Assumption 1: I assume that the relative di�erence in gross pro�ts from high

and low quality projects is countercyclical:

∂

∂At

Aht − Alt
Alt

< 0, (3.1)

where At is the aggregate component of the total factor productivity (TFP) of the

projects.

This assumption is inspired by the empirical evidence on countercyclical cross-

sectional variance in the TFP of US �rms in Bloom (2009) and Bloom et al. (2012).5

In this model the TFP of the projects has an aggregate component, At, and a type-

speci�c component, ∆h
t and ∆l

t resp.: A
h
t = At∆

h
t and Alt = At∆

l
t. To satisfy the

4To keep the model simple, I do not model any alternative means of transferring funds like debt.
Kuncl (2013) presents an extension of this model, where di�erent types of debt, such as deposits
or interbank loans, are considered and replicates the main qualitative results of this paper.

5Bloom (2009) and Bloom et al. (2012) depart from the empirical evidence and build models
that assume a time-varying variance of idiosyncratic TFP shocks and show that higher variance
can cause a recession.
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assumption in (3.1) the ratio of type-speci�c TFP components has to be counter-

cyclical, ∂
(
∆h
t /∆

l
t

)
/∂At < 0.

Some of the basic features of the model are inspired by Kiyotaki and Moore

(2012). Similarly to Kiyotaki and Moore (2012), agents are subject to an i.i.d.

investment shock and face constant returns to scale, i.e., they take rht , resp. r
l
t as

given; however, on the aggregate level, there are decreasing returns to scale:

Yt = rhtHt + rltLt =

(
Aht

Ht

Kt

+ Alt
Lt
Kt

)
Kα
t ,

where Kt = Ht+Lt and Ht (Lt) are aggregate holdings of high (low) quality capital.
6

3.1.2 Frictions

Two core frictions are assumed in the model:

• Investing �rms, which sell securitized loans, have to keep �skin in the game�,

i.e., at least (1− θ) fraction of the investment on their balance sheet. This

means they can sell at most θ fraction of the current investment, and the

rest has to be �nanced from their own resources. For simplicity, θ is taken

throughout most of the paper as a parameter. However, in chapter 5 this

friction is endogenized by the existence of a moral hazard problem.

• There is an asymmetry of information about the above described alloca-

tion of investment opportunities among �rms. Each �rm knows the type of

the project it is assigned to in the current period, but it is not aware of the

allocation of projects among other �rms.

The second friction is motivated by the reality of the securitization market and by

the mentioned criticism of securitization, which takes the asymmetric information

as the source of most of the agency problems (for details see the literature review).

The �rst friction can be also observed in reality, but the main reason I include

it in this otherwise simple model is that despite the competition among �nancial

�rms, a binding �skin in the game� constraint increases equilibrium prices above the

costs of investment and, therefore, makes the securitization process pro�table. Only

when securitization is pro�table, does a reputation equilibrium exist with implicit

recourse, where the losing of reputation for providing implicit recourse is costly. As

I explain later, a �rm without the reputation of providing implicit recourse will be

6Kiyotaki and Moore (2012) obtain this result by including labor in the production function and
requiring a competitive wage to be paid to workers in order to run a project. Here, for simplicity, I
omit the workers from the model, but I use the results of constant returns to scale on the individual
level and decreasing returns to scale on the aggregate level by assumption.
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unable to securitize and sell the projects in which they have invested, and therefore,

it would loose the pro�ts from securitization.7

3.1.3 Firms' problem

Each �nancial �rm (indexed by i) chooses the control variables {ci,t+s, ii,t+s, {ai,j,t+s+1}j,
hSi,t+s+1, l

S
i,t+s+1, r

G
i,t+s+1, χi,t+s}∞s=0 to maximize the expected discounted utility from

the future consumption stream:

∞∑
s=0

βsu (ci,t+s) ,

where u (ci,t+s) = log (ci,t+s). The budget constraint for all �rms is

ci,t + ii,t

(
1− qGi,t

)
+
∑
j∈It

ai,j,t+1q
G
j,t + hSi,t+1q

h
t + lSi,t+1q

l
t + χi,tciri,t

=
∑

j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

)
∀i, ∀t,

and �rms with no investment opportunities face additional constraint ii,t =

0 ∀i ∈ Zt. This constrained maximization problem describes the following options

of �rms. The resources of �rms consists of stochastic gross pro�ts from projects

�nanced in the past and the market value of a non-depreciated part λ of those

projects. They consume the ci,t part of those resources. If they have an investment

opportunity, they can invest at unit costs into new project ii,t.
8 I denote the subset

of �rms that decide to invest into new projects (issue new loans) as It. They can

also buy securitized cash �ows from newly �nanced projects on the primary market

{ai,j,t+1}j for prices {qj,t}j or securitized cash �ows from older projects of known

high (low) quality on the secondary (re-sale) market hSi,t+1

(
lSi,t+1

)
for price qht

(
qlt
)
,

where j ∈ It and superscripts h, l denote the known quality of the traded asset.

Investing �rms can securitize and sell cash �ows from the newly issued projects. If

they sell a part of their investment9, they can provide implicit recourse to buyers

7I assume that it is possible to commit to not buying securitized assets from a particular �rm and
show that such commitment can be credible if the related incentive compatibility constraint holds.
However, I assume that it is not possible to prevent a particular �rm from buying securitized assets
from others, i.e., a threat of complete autarky is not possible. I believe this assumption corresponds
to the reality of securitization markets.

8Gertler and Kiyotaki (2010) in their study of the interbank market, based on the same modeling
approach as Kiyotaki and Moore (2012), refer to investments into projects as loans to entrepreneurs
who run those projects. Entrepreneurs are able to o�er a perfectly state contingent debt, and
since �nancial �rms (banks) have all bargaining power, they can extract the entire pro�ts from
entrepreneurs. Following this approach, I will sometimes refer to the investment into projects as
loans too and later calibrate this model on the performance of mortgage-backed securities.

9The amount of new loans kept on the balance sheet is the di�erence between investment it and
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of these newly securitized assets in the form of a promise for minimum gross pro�t

per unit of capital next period rGi,t+1. An asset with implicit recourse is traded for

a market price qGi,t, which depends on the information structure in the equilibrium,

i.e., on the beliefs of buyers about the type of the sold asset. Each �rm can decide

whether to default on the implicit recourse from the previous period or not, which is

represented by χt.
10 If a �rm honors the implicit recourse, it has to spend part of its

resources on covering related costs ciri,t. The details on the cost of implicit recourse

and the choice of default are discussed in detail in sub-chapter 3.2.4. The timing of

shocks and choice of controls by �rms within each period is shown in Figure 3.1.

Note that since pro�ts (cash �ows) are observed and ∆h,∆l, and At are public

information, the uncertainty about the quality of �nanced projects is resolved at

latest in the period following the investment in the project. Therefore, depending

on the particular equilibrium, the quality of assets traded on the primary market

may be either public or private information, and when these assets are traded in the

next period on the secondary market, their quality is already public information.

Therefore, we can collapse all assets issued prior in past periods into two categories

of high and low quality assets: hS, lS.11 Laws of motion for high and low quality

assets traded on re-sale markets are

HS
t+1 =

∑
i

hSi,t+1 =
∑
i

∑
j∈Ht−1

λai,j,t +
∑
i

λhSi,t,

LSt+1 =
∑
i

lSi,t+1 =
∑
i

∑
j∈Lt−1

λai,j,t +
∑
i

λlSi,t.

Since the uncertainty about project quality lasts only for one period, for sim-

plicity and tractability, I also restrict the guarantee on the loan performance to one

period after the issuance.

Since utility is logarithmic and budget constraints are linear in individual hold-

ings of assets, the policy functions will be also linear in the individual holdings of

wealth. Due to logarithmic utility, all �rms will always consume a constant fraction

of their current wealth (for derivation see appendix 7.2):

ci,t = (1− β)

 ∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

) ∀i.
the next period holdings of assets of �rm i issued by the �rm i: ai,i,t+1, while it − ai,i,t+1 = 0.

10χt takes the value 1 in case of no-default and 0 in case of default.
11In chapter 5.3, I relax this assumption and introduce asymmetric information on secondary

markets also.
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Figure 3.1. Timing of shocks and the choice of �rm's controls withing each period

Linear policy functions and i.i.d. investment opportunities enable easy aggrega-

tion. An application of the law of large numbers implies that the aggregate quantities

and prices do not depend on the distribution of wealth across individual �rms.

3.1.4 Goods and asset markets

The model features a market for consumption goods and for capital goods (secu-

ritized cash �ows from projects). Every period all projects generate gross pro�ts

in the form of consumption goods. Consumption goods must be either consumed

or converted into capital goods by an investment into new projects. Consumption

good markets clear when all current output Yt is consumed or invested: Yt = Ct+It.

Capital goods are traded on asset markets. There is a secondary market on

which assets of known quality are traded and a primary market for newly issued

assets whose quality is either known or not depending on the type of the equilibrium.

As derived in Appendix 7.2, the conditions for the clearing of asset markets come

from the �rst order conditions of �rms, which buy on asset markets (subset St), and
which we will call saving �rms i ∈ St. These conditions imply that the discounted

return of all assets traded on markets have to be equal to 1, and that in equilibrium,

saving �rms will be indi�erent between holding di�erent assets.

Asset markets clearing conditions:

Et

[
β
ci,t
ci,t+1

ˆrGt+1 + λqj,t+1

qGj,t

]
= 1 ∀i ∈ St,∀j ∈ It,

Et

[
β
ci,t
ci,t+1

rht+1 + λqht+1

qht

]
= 1 ∀i ∈ St,

Et

[
β
ci,t
ci,t+1

rlt+1 + λqlt+1

qlt

]
= 1 ∀i ∈ St.

Recall that all assets depreciate over time, so the law of motion for capital (stock
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of projects) is Kt+1 = λKt + It.
12

3.2 Model solution in special cases

To demonstrate the e�ect of the core frictions in the model, I will �rst brie�y show

in this sub-chapter the behavior and solution of the model without frictions. Then,

I will successively introduce a binding �skin in the game� and the asymmetric infor-

mation. I show that when the �skin in the game� is binding, a reputation equilibrium

exists, where implicit recourse can be provided. In the next sub-chapter, I will show

the solution of the model in the case of interest, where both frictions hold and the

provided implicit recourse can signal the quality of the securitized cash �ows from

projects and result in a separating equilibrium, where the ine�ciency related to

asymmetric information is eliminated.

To show the results analytically, I will, in the next sub-chapters, mostly refer

to the case with constant aggregate productivity At = A. In chapter 4, I report

numerical results from the fully stochastic case.

3.2.1 Case with no �nancial frictions - �rst best

If none of the two frictions are present, i.e., project allocation is public information

and the �skin in the game� constraint is not binding, in equilibrium only �rms

with high quality investment opportunities will invest, securitize loans, and sell

them to �rms with low or unproductive investment opportunities. Since there is

no asymmetric information and only high quality projects are being �nanced, there

is only one type of asset traded in the economy. When I omit the variables that

turn out to be zero in equilibrium, the budget constraints of individual �rms with

di�erent investment opportunities are:

ci,t + ii,t + (hi,t+1 − ii,t) qht = hi,t(r
h
t + λqht ) ∀i ∈ Ht,

ci,t + hi,t+1q
h
t = hi,t(r

h
t + λqht ) ∀i ∈ Lt,

ci,t + hi,t+1q
h
t = hi,t(r

h
t + λqht ) ∀i ∈ Zt.

Because of competition among �rms with high quality investment opportunities,

the price of loans is equal to the unit costs of �nancing the project (issuing the loan),

qh = 1.

12Similar laws hold for both types of capital (low quality and high quality): Ht+1 = λHt +
Iht , Lt+1 = λLt + I lt. Similarly to Kiyotaki and Moore (2012), I assume that the subjective
discount factor exceeds the share of capital left after depreciation: β > λ.
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Figure 3.2. Case without frictions - First best case

Note: In the �rst best case, only �rms with access to projects with high pro�t per unit of capital invest, and they

sell some of these projects to remaining �rms.

Combining the aggregate consumption function, the goods market clearing con-

dition, and the law of motion for capital, we obtain13:

rh + λ =
1

β
. (3.2)

The current period gross pro�t per unit of invested capital plus the value of non-

depreciated assets is equal to the time preference rate; therefore, the amount of

investment is indeed �rst best.

3.2.2 Introducing the �skin in the game� constraint

In this chapter I show that a binding �skin in the game� constraint (θ fraction of new

loans at most can be sold) increases the equilibrium prices above the replacement

rate, which makes securitization pro�table. As noted above, only when securiti-

zation is pro�table, can a reputation equilibrium exist. The �skin in the game�

constraint is also a usual practice observed in securitization contracts in the form of

tranche retention schemes14. This constraint can be motivated and endogenized by a

moral hazard problem, which is derived in chapter 5. Chapter 5 also discusses some

potential policy implications when making θ a policy parameter. In this chapter, I

assume for simplicity a constant θ.

By lowering θ, we limit the capacity of �rms with access to high quality projects

to issue new investments. When this capacity is lower than the demand for new

investments at the zero-pro�t price qh = 1, then the �skin in the game� constraint

13For details see Appendix 7.1.1
14For simplicity, I do not model the existence of di�erent tranches. The �skin in the game�

constraint is analogous to keeping a �vertical slice� of all tranches.
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becomes binding, and the price has to increase above the unit costs of investment

to clear the market. Securitization becomes pro�table.

If the �skin in the game� is binding in equilibrium for �rms with access to high

quality projects, i.e., their holdings of newly issued assets represent (1− θ) fraction
of their investment hi,t+1 = ai,i,t+1 = (1− θ) ii,t ∀i ∈ Ht

15, we can rewrite their

budget constraint to:

ci,t +

(
1− θqht

)
(1− θ)

hi,t+1 = hi,t(r
h
t + λqht ) + li,t(r

l
t + λqlt) ∀i ∈ Ht. (3.3)

Combining these two equations and the consumption function we can �nd the level

of investment of the constrained �rm with access to high quality projects:

ihi,t =
β
(
hi,t(r

h
t + λqht ) + li,t(r

l
t + λqlt)

)(
1− θqht

) ∀i ∈ Ht. (3.4)

All policy functions are again linear, and therefore, can be easily aggregated and as

Appendix 7.1.2 shows, we can obtain the following proposition.

Proposition 1. If �skin in the game� is su�ciently large to be binding, i.e., θ is

su�ciently low to satisfy

1− θ > πµ

1− λ
,

then in the deterministic steady state:

(i) the price of high quality assets qh exceeds 1;

(ii) the steady state level of output and capital is lower than in the �rst best case.

The above proposition is analogue to Claim 1 in Kiyotaki and Moore (2012),

but for a complete characterization of the model's steady state, we also need the

following proposition.

Proposition 2. Suppose the condition from Proposition 1 holds, then depending on

parameter values, deterministic steady state is characterized by one of the following

cases:

Case H: Only �rms with access to high quality projects issue credit and securitize

(ql < 1);

Case M: Firms with access to low quality loans use a mixed strategy and issue

credit with probability ψ, (ql = 1);

15I show below that for a subset of parameters, �rms with access to low quality projects will be
also investing and securitizing loans in equilibrium. They may also face the binding �skin in the
game� constraint, i.e., lli,t+1 = ai,i,t+1 = (1− θ) ili,t ∀i ∈ Lt.
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Figure 3.3. Type of deterministic steady state depending on selected parameter
values

Case B: All �rms with access to high and low quality projects issue credit and

securitize (ql > 1).

The above cases are ranked from the least restricted (ql < 1), where output and

capital levels are relatively the closest to the �rst best case, to the most restricted

(ql > 1), where output and capital are the lowest:

YFB > YH > YM > YB,

KFB > KH > KM > KB,

where subscript FB denotes �rst-best case, subscript H, M and B denote the

above described cases.

Proof of the above propositions are in the appendices (7.1.2 and 7.1.3).

Figure 3.3. shows the e�ect of selected parameter values on the type of the steady

state. In the left panel we can see that lowering θ or µ moves the steady state from

an unrestricted �rst-best case to more restricted cases. The right panel shows that

lowering the di�erence in the productivity of the two types makes it more likely that

low quality projects would be �nanced in the steady state.

3.2.3 Introducing asymmetric information

In this sub-chapter, I describe the consequences of introducing asymmetric infor-

mation about the allocation of investment opportunities among �rms on the model

solution. I focus on the e�ect of asymmetric information between issuers of se-

curitized assets and their �rst buyers; therefore, at this point, I do not consider
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asymmetric information on re-sale markets.16

Unless the di�erence in qualities is large enough, �rms with access to low quality

projects mimic �rms with access to high quality projects. Since it is not possible to

distinguish between the projects, saving �rms, which want to diversify their port-

folio, buy both high and low quality securitized assets at the rate corresponding to

the probabilities of their arrival. This means that in equilibrium a µ fraction of

investment is allocated to high quality and a 1− µ fraction to low quality projects.

Proposition 3. Compared to the public information case, the allocation of capital is

generally less e�cient (more in favor of low quality projects); therefore, the capital

is less productive, and in the steady state, the amount of capital and output is lower.

For proof see Appendix 7.1.4.

The public information case will be equal to the private information case only if

the di�erence in the qualities is large enough. The �rm with low quality investment

opportunities will avoid mimicking �rms with high quality investment opportuni-

ties as long as the return from buying high quality assets exceeds the return from

mimicking:

R | buying high loans > R | mimicking

As shown in Appendix 7.1.5, in the steady state this condition implies

Ah

Al
>

(1− θ) qh

1− θqh
=

(1− πµ) (1− λ) (1− θ)
πµλ+ (1− λ) θπµ

. (3.5)

If the ratio of the high and low productivity does not satisfy (3.5), the resulting

pooling equilibrium will be less e�cient than the public information case. The

separation condition can also be rewritten as

ql <
1− θqh

1− θ
. (3.6)

Since, by Proposition 1, qh > 1, (3.6) implies that a necessary condition for the

existence of a separating equilibrium is that the equilibrium price of low quality

assets is lower than the costs of investing ql < 1.

16I assume that past projects are not anonymous; therefore, the quality of all existing projects
becomes public information in the period following their securitization. In chapter 5.3., I relax this
assumption and show that if asymmetric information exists in general between the buyer and seller
on the re-sale markets, there can be partial market shutdowns similar to those found by Kurlat
(2013).
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Note also that increasing the �skin in the game�, i.e., lowering θ will only increase

the lower bound for the ratio of productivities in the condition 3.5 and, therefore,

make mimicking more likely. This result is driven by the general equilibrium e�ect.

A lower θ increases the prices in the economy and, therefore, makes mimicking more

pro�table.

Proposition 4. Under private information, increasing the �skin in the game�, i.e.,

lowering θ, makes pooling equilibrium, in which �rms with low quality investment

opportunities mimic �rms with high quality investment opportunities, more likely.

3.2.4 Introducing implicit recourse and the reputation equilibrium case

Proposition 3 implies that the outcome of a private information case is generally in-

e�cient compared to a public information case. Firms with high quality investment

opportunities have incentives to distinguish themselves from low quality investment

�rms. However, under Proposition 4, we can see that retaining higher �skin in the

game� does not lead to a separating equilibrium.

It turns out that by providing implicit recourse, a �rm with high quality

investment opportunities can distinguish itself without restricting its investment

potential. Under this strategy, the issuing �rm promises minimum gross pro�t per

unit of invested capital rGt to the buyers of securitized loans. Should the actual

gross pro�ts in the following period fall below this minimum, the issuing �rm would

reimburse the di�erence. This promise is not enforced by any explicit contract;

rather, it is a result of collusion between issuers of loans and their buyers17. Implicit

recourse can be enforced in a reputation equilibrium, where securitizing �rms aim

to keep their reputation of sticking to the promise, and �rms buying securitized

projects enforce this promise by punishing the issuing �rms in case of default on

the implicit recourse. I assume a trigger strategy punishment that prevents a �rm

without a reputation of honoring implicit recourse from selling securitized assets

on the market. The punishment has to be credible; therefore, in this reputation

equilibrium, buyers of securitized products with implicit support aim to keep a

reputation of being �tough investors�, i.e., a reputation of always punishing �rms

that did not ful�ll their promise.

At this point, it is convenient to write the problem recursively:

17In this paper, I do not compare the advantages of implicit and explicit guarantees. Based on
the observed empirical evidence, I model only the implicit guarantee. Reasons for a provision of
implicit rather than explicit guarantees can be various. Regulatory arbitrage is probably the major
reason. Also, the individual as well as the social costs of default on an implicit guarantee (costs of
punishment) can be lower than costs of default on an explicit guarantee, which can be represented
by liquidation costs (Ordoñez, 2012, mentions the second reason).

20



V ND
(
s̄, w − cir; S̄

)
= π

(
µV ND,h

(
s̄, w − cir; S̄

)
+ (1− µ)V ND,l

(
s̄, w − cir; S̄

))
(3.7)

+ (1− π)V ND,z
(
s̄, w − cir; S̄

)
,

V D
(
s̄, w; S̄

)
= π

(
µV D,h

(
s̄, w; S̄

)
+ (1− µ)V D,l

(
s̄, w; S̄

))
+ (1− π)V D,z

(
s̄, w; S̄

)
, (3.8)

V ND,k
(
s̄, w; S̄

)
= max

c,i,
{
a′j

}
j
,hS′,lS′,rG′

[log (c) (3.9)

+βE
[
max

(
V ND

(
s̄′, w′ − cir′; S̄′

)
, V D

(
s̄′, w′; S̄′

))]
],

V D,k
(
s̄, w; S̄

)
= max

c,i,
{
a′j

}
j
,hS′,lS′

[
log (c) + βEV D

(
s̄′, w′; S̄′

)]
, (3.10)

where V ND
(
V D
)
are the value functions for the �rm that never defaulted (has

already defaulted) on implicit recourse. w is individual wealth before deducting the

costs of implicit recourse cir, s̄ =
{
{aj}j , h

S, lS
}

is a vector of individual state

variables, S̄ = {K,ω,A} is a vector of aggregate state variables, and superscript k,

which can take values {h, l, z} , represents the type of investment opportunity that

the �rm faces in the current period.

Equations (3.7) and (3.8) show the investment shock that takes place after the

realization of the aggregate productivity shock and the decision on (non)default

on implicit recourse from the previous period. After the investment shock, �rms

optimally choose the level of consumption, the quantity of securitized loans they buy

on the primary and secondary market, and if they have an investment opportunity,

they choose the optimal level of investment into new projects, the securitization of

their cash �ows, the fraction of the new investment which is sold, and the implicit

recourse they provide.18 This problem is described by equations (3.9) and (3.10) for

�rms with a reputation for having never defaulted on implicit recourse and without

this reputation, respectively.

The above problem is constrained by budget constraints that take the following

form for investing �rms for which the �skin in the game� constraint is binding (e.g.

in case where �rms have high investment opportunities):

ci,t +

(
1− θqGi,t

)
(1− θ)

hi,t+1 + ciri,t =
∑

j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t(r

h
t + λqht ) + lSi,t(r

l
t + λqlt) ∀i ∈ Ht,

where the price of securitized loans issued by �rm j: qGj,t depends on the informa-

tion structure, i.e., on the beliefs of buyers about the type of the sold asset ϕj,t | rGj,t.
When the �skin in the game" is binding, the costs of implicit recourse are given by:

18Recall that the timing of shocks and the choice of controls by �rms within each period is shown
in Figure 3.1.
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ciri,t+1 = θii,t
(
rGi,t − rkt

)
∀i /∈ St, k ∈ {h, l} .

The incentive compatible constraints (ICCs), which have to be satis�ed in equi-

librium for the existence of reputation-based implicit recourse, are the following:

V ND
(
s̄, w − cir; S̄

)
≥ V D

(
s̄, w; S̄

)
; (3.11)

V P
(
s̄; S̄
)
≥ V NP

(
s̄; S̄
)
, (3.12)

where V P , V NP are the value functions for the �rm that is always punished for

default on implicit recourse, and failed to punish for default, respectively. Condition

3.11 determines the level of implicit recourse that can be credibly provided, i.e., it

is not defaulted upon, given the trigger strategy punishment rule. The trigger

punishment strategy has to be credible; therefore, the saving �rm which observes

default on implicit recourse has to be better o� punishing the investing �rm that

defaulted rather than not punishing it. This corresponds to the condition 3.12.19

De�nition 1. A recursive competitive equilibrium consists of prices {qh
(
S̄
)
, ql
(
S̄
)
,{

qGj
(
S̄
)}

j
} and gross pro�ts per unit of capital

{
rh
(
S̄
)
, rl
(
S̄
)}
, individual decision

rules {c
(
s̄; S̄
)
, hS′

(
s̄; S̄
)
, lS′

(
s̄; S̄
)
, rG′

(
s̄; S̄
)
,
{
a′j
(
s̄, rGj , ϕj | rGj ; S̄

)}
j
, χ
(
s̄, rG; S̄

)
},

value functions {V ND
(
s̄; S̄
)
, V ND,k

(
s̄; S̄
)
,V D

(
s̄; S̄
)
, V D,k

(
s̄; S̄
)
, V NP

(
s̄; S̄
)
, V P

(
s̄; S̄
)
},

and the law of motion for S̄ = {K,ω,A,Σ} such that: (i) individual decision rules

and value functions solve each �rm's problem taking prices, gross pro�ts per unit

of capital, and law of motion for S̄ = {K,ω,A} as given; (ii) both asset and good

markets clear, and (iii) the law of motion for S̄ = {K,ω,A} is consistent with the

individual �rms' decisions.

3.2.5 Public information case with implicit recourse

Although one might think that the public information case is uninteresting, it is an

important benchmark. If issuing �rms could coordinate, they wouldn't be providing

implicit recourse in this case, where it does not serve as a tool that would distinguish

the �rm type. However due to competition, �rms tend to out-bet each other.

Should promises be always credible, the optimal level of implicit recourse would

be determined by the following F.O.C. (note that the individual �rm ignores the

e�ects of this choice on aggregate variables):

19I show that this condition holds in Appendix 7.1.6.
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∂V ND

∂rG
=

∂V ND′

∂ (w′ − cir′)
∂ (w′ − cir′)

∂rG
= 0.

I show in Appendix 7.1.7 that this condition implies that qj = 1, which means

that as far as there are positive pro�ts from securitization, the competition will drive

the level of implicit recourse so high that pro�ts from securitization are zero. How-

ever, when pro�ts from securitization are zero, the punishment has zero costs, and

the original non-defaulting incentive compatibility constraint (3.11) is not satis�ed.

This leads us to the following conclusion.

Proposition 5. As long as the implicit recourse is credible, �rms �nd it optimal to

increase it up to the level, where qj = 1. So the level of implicit recourse is de�ned

by the maximum, which can be sustained by the no-default condition (3.11).

For details on the derivation see Appendix 7.1.7. The steady state, in this case,

is characterized by the following propositions.

Proposition 6. Suppose that the condition from Proposition 1 holds, then depending

on parameter values, a deterministic steady state is characterized by one of the

following cases:

Case 1: Only �rms with access to high quality projects issue credit, securitize

loans, and provide implicit recourse rGh,cred (qh > 1, ql < 1,Gh
cred ≥ rh);

Case 2: Firms with access to high quality projects issue credit, securitize loans,

and provide implicit recourse rGh,cred, and �rms with access to low quality projects

use a mixed strategy and issue credit with probability ψ and provide implicit recourse

rGl,cred (qh > 1, ql = 1, rGh,cred ≥ rh, rGl,cred = rl);

Case 3: All �rms with access to high and low quality projects issue credit, se-

curitize, and provide implicit recourse rGh,cred and rGl,cred resp. (qh > 1, ql > 1,

rGh,cred ≥ rh, rGl,cred ≥ rl).

Note that rGk,cred is the maximum implicit recourse that can be credibly provided

by �rms with k ∈ {h, l} type of investment opportunity.

Proposition 7. Compared to the public information case without implicit recourse,

the amount of capital and output are higher, the allocation of capital is more in favor

of high quality projects, and wealth is less concentrated inside �rms with investment

opportunities. This holds in all cases except when the provided implicit recourse has

no value (rGh,cred = rh), and the two cases are identical.
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3.3 Case of interest: Implicit recourse as a signal of loan

quality

In this chapter, I analyze the case of interest, where the �skin in the game� constraint

is binding, where there is asymmetric information about the allocation of �rms to

investment opportunities, and where the implicit recourse can signal the type of

investment opportunity.

As proved in sub-chapter 3.2.4, implicit recourse can be credibly provided in

a reputation equilibrium. Under asymmetric information, implicit recourse can be

interpreted as a signal of the loan quality. Investing �rms (subset It) sell securitized
cash �ows from newly �nanced projects and provide implicit recourse rGj,t+1 ∈ (0,∞).

The fact that a particular �rm sells securitized cash �ows and provides rGj,t+1is the

message that this �rm is sending to potential buyers of its securitized cash �ows.

Saving �rms (subset St) observing any message sent with positive probability use

Bayes' rule to compute the posterior assessment that the message comes from each

type. Without restriction on out-of-equilibrium beliefs (beliefs about the types con-

ditioned on observing messages that are not sent in equilibrium), there is a mul-

tiplicity of Perfect Bayesian Equilibria, generally both pooling and separating. I

use the Intuitive Criterion (Cho and Kreps, 1987) as a re�nement to eliminate the

dominated equilibria with unreasonable out-of-equilibrium beliefs.

Pooling Equilibria: In pooling equilibria, both �rms with access to high and

low quality investment opportunities choose to provide the same level of implicit

recourse given the beliefs of investors. They both provide rG∗ with probability 1.

Saving �rms observe this message and use the Bayes' rule to compute the posterior

assessment that messages are sent by each type:

ϕ
(
j ∈ Ht | rGj = rG∗

)
=

ϕ (j ∈ Ht) · 1
ϕ (j ∈ Ht) · 1 + ϕ (j ∈ Lt) · 1 + ϕ (j ∈ Zt) · 0

=
µπ

µπ + (1− µ)π
= µ.

Under no aggregate stochasticity, there are several candidates for the pooling

Perfect Bayesian Equilibria (PBE):

Case 1: Firms with access to both high and low quality projects select with

probability 1: rG∗ = rGl,cred,p, where r
G
l,cred,p is the maximum implicit recourse that

can be provided by �rms with low quality assets under pooling.

Saving �rms' out-of-equilibrium beliefs that sustain this equilibrium can be the

following: ϕ
(
j ∈ Ht | rGl,cred,p < rGj < rGh,cred,s

)
= 0 and unrestricted for intervals 0 <

rGj < rGl,cred,p, and r
G
j > rGh,cred,s. r

G
h,cred,s is the maximum level of implicit recourse

that can be promised credibly in a separating equilibrium (see below). In this

equilibrium, no �rm defaults. None of the �rms have the incentive to unilaterally
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decrease the implicit recourse or increase it.

Note that choosing rGj < rGl,cred,p is not an equilibrium since both types will have

incentives to increase implicit recourse to rGj = rGl,cred,p due to competition, no matter

what the beliefs of investors are, since both types would ful�ll the implicit recourse

in this interval.

Case 2: Firms with access to both high and low quality projects select rGj = rG∗

s.t.:

rGlb,p ≤ rG∗ ≤ min
(
rGminsep, r

G
h,cred,p

)
.

Saving �rms' out-of-equilibrium beliefs that sustain this equilibrium can be the

following: ϕ
(
j ∈ Ht | rG∗ < rGj < rGh,cred,s

)
= 0, and ϕ

(
j ∈ Ht | 0 < rGj < rG∗

)
≤ µ

and unrestricted for the interval rGj > rGh,cred,s.

rGminsep is the minimum level of implicit recourse, which the low types would

not mimic under any beliefs (see derivation in Appendix 7.1.9). rGlb,p is the lower

bound on rG, where �rms with high quality investments do not have incentives to

deviate to rGl,cred,p. The fact that for rG such that rGl,cred,p < rG < rGlb,p, both types

have incentives to decrease implicit recourse to rGj = rGl,cred,p, is due to equilibrium

defaults on the implicit recourse of �rms with low investment, which bring investors

lower utility than when rG = rGl,cred,p. This negative e�ect on price together with

potentially higher costs of higher implicit recourse (when rG > rh) outweighs the

positive e�ect of higher implicit recourse on the price.

Separating Equilibria: There is potentially a continuum of separating equilib-

ria, where �rms with access to low quality projects save and buy securitized assets

from �rms with access to high quality projects. Firms with access to high quality

projects invest, securitize, and provide implicit recourse rG∗ ∈
(
rGminsep, r

G
h,cred,s

)
with

probability 1, where rGminsep is the minimum implicit recourse that prevents mimick-

ing by �rms with low investment opportunities. Saving �rms observe this message

and use the Bayes' rule to compute the posterior assessment that message is sent

by each type:

ϕ (j ∈ Ht | Gj = G∗) =
ϕ (j ∈ Ht) · 1

ϕ (j ∈ Ht) · 1 + ϕ (j ∈ Lt) · 0 + ϕ (j ∈ Zt) · 0
=
µπ

µπ
= 1.

Saving �rms' out-of-equilibrium beliefs that sustain this equilibrium can be the

following: ϕ
(
j ∈ Ht | rG∗ < rGj < rGh,cred

)
= 0 and unrestricted for intervals 0 <

rGj < rG∗ and rGj > rGh,cred,s.

Application of Intuitive Criterion: If a separating equilibrium exists, then

all pooling equilibria are dominated, and therefore fail the Intuitive Criterion. In

particular, due to competition among �rms with access to high quality investments,
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Figure 3.4. The case where the Intuitive Criterion selects a unique Separating Equi-
librium

Figure 3.5. The case where there is no Separating Equilibrium

Intuitive Criterion selects only one separating equilibrium, where �rms with access

to high quality investments invest, securitize, and provide the maximum credible

implicit recourse rG∗ = rGh,cred,s.
20 So after applying the Intuitive Criterion, there is

either one unique separating equilibrium left or one or multiple pooling equilibria.

The condition for the existence of a separating equilibrium:

Thanks to Proposition 5, we know that �rms have incentives to unilaterally

increase the provided implicit recourse up to the maximum credible level. But

then, if low quality �rms are already at the maximum credible level, where the

cost of defaulting and keeping the implicit recourse are equalized, they are better

o� if they increase the implicit recourse without increasing the cost further but

potentially bene�ting from being mistaken for a �rm with access to high quality

projects. Therefore, no separating equilibrium can exist in which �rms with low

quality investment would provide a di�erent level of implicit recourse. Firms with

low quality investments always prefer mimicking �rms with high quality investments

20This case is shown in Figure 3.3.
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Figure 3.6. The case with unique Pooling equilibrium

to providing a lower implicit recourse and disclosing their quality.

Therefore, separation can take place only when the costs of mimicking become

so large that investing into high quality assets is preferred. Under the deterministic

case, this condition can be expressed analytically. The implicit recourse rG has to

be high enough to satisfy:

V l | mimicking < V l | buying high loans. (3.13)

This brings us to one of the main �ndings in this paper.

Proposition 8. Under asymmetric information, a separating equilibrium is possible

in the deterministic steady state if and only if

Ah

Al
>

(1− θB) qh

1− θBqh
, (3.14)

where B ≡ qG

qh
= rG+λqh

rh+λqh
is the price premium for the equilibrium implicit guar-

antee. This implies that separating equilibrium:

(i) exists if and only if the level of aggregate productivity does not exceed threshold

level Ā;

(ii) exists if and only if ql < 1; and

(iii) is more likely in the presence of reputation-based implicit recourse.

In a separating equilibrium, �rms with low quality investment projects save and

buy securitized assets from �rms with high investment opportunities.

Sketch of proof: The derivation of (3.14) comes directly from the no-mimicking

condition 3.13.21 Point (i) comes directly from Assumption 1 over the countercyclical

relative di�erence of cash �ows from projects of di�erent quality. Since the ratio of

21See Appendix 7.1.8 for derivation.
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Figure 3.7. A private information case with implicit recourse: Separating equilib-
rium

Note: In the separating equilibrium, the implicit recourse provided by the �rms with access to high quality projects

is high enough so that it is not pro�table for �rms with access to low quality projects to mimic them. They are

better o� buying high quality projects.

TFP on the LHS of (3.14) increases with aggregate TFP A, the mentioned threshold

is de�ned as ∆h
(
Ā
)
/∆l

(
Ā
)

= (1− θB) qh/
(
1− θBqh

)
.

Crucially, as I show in Appendix 7.1.8, in a separation equilibrium, both qh and

B and, therefore, also the whole RHS of (3.14) are independent of the realizations of

aggregate productivity A and are uniquely determined by the intensity of frictions

and the punishment for default on implicit recourse.

After a substitution of the share of TFP by the ratio of prices from the asset

market clearing condition, condition 3.14 can be rewritten as:

ql <
1− θBqh

1− θB
,

which implies that in a separating equilibrium, ql < 1 since, by Proposition 1,

qh > 1.

Finally, when comparing the lower bound on the TFP ratio, consistent with the

separating equilibrium in cases without implicit recourse (eq. 3.5) and in cases with

implicit recourse (eq. 3.14), we can show that the latter is lower. This implies that

in the case with implicit recourse, the separation condition (eq. 3.14) is more likely

to be satis�ed.22

Uniqueness of pooling equilibrium:

When a separating equilibrium does not exit, there is generally a continuum of

pooling equilibria. However, it turns out that for a large set of parameter space,

there is only one pooling equilibrium with rG∗ = rGl,cred,p, independent on a speci�c

22Complete proof is in Appendix 7.1.8.
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Figure 3.8. A private information case with implicit recourse: Pooling equilibrium

Note: In the pooling equilibrium, both �rms with access to high and low quality projects provide the same level of

implicit recourse. They are indistinguishable, and, therefore, both �rms invest into projects and sell them to �rms

with no investment opportunities.

form of out-of-equilibrium beliefs.23 I calibrate the model to have only one pooling

equilibrium. The advantage of this calibration is not only having a unique equilib-

rium but also knowing that punishment is never triggered in equilibrium. It still

provides the disciplining role, but the dynamic results are not in�uenced by the

exercise of a particular punishment rule.

To obtain such an equilibrium, in general, I have to �nd values of parameters

such that rGlb,p > rGh,cred,p, i.e., the minimum level of implicit recourse for which it

pays o� to provide recourse higher than rGl,cred,p is not credible in equilibrium since

it exceeds rGh,cred,p.

It turns out that this condition is satis�ed for a low enough share of high quality

investment opportunities, µ, and a high enough di�erence in type-speci�c TFP in a

pooling equilibrium:

µ <
1− θql

qh − θql
.

For details see Appendix 7.1.9.

4 Dynamics and numerical examples

In this chapter, I show a solution of the fully stochastic version of the model with

asymmetric information, binding �skin in the game� and implicit recourse. The

allocation of projects to �rms is still driven by an i.i.d. shock. The aggregate

23Figure 3.6 shows this case with a unique pooling equilibrium.
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productivity for simplicity follows a two-state Markov chain At ∈
(
AH , AL

)
24 with

a transition matrix P = [p, 1− p; 1− p, p].25

In the analysis of the dynamic properties of the model, I focus on the switching

between the separating and pooling equilibria over the business cycle. Even though

in the steady state there is a separating equilibrium, when the aggregate productivity

increases and the economy is in the boom stage of a business cycle At = AH , the

separating equilibrium is no longer sustainable, and the economy is in the pooling

equilibrium, where both types of �rms provide the same level of implicit support

and both invest into new projects. This follows directly from Proposition 8. The

intuition behind the result is the following. As the aggregate productivity increases,

the relative di�erence in productivity of the two non-zero pro�t project types is

reduced. Therefore, a higher implicit recourse is needed to satisfy the separation

condition (3.13). Intuitively, following Proposition 8, the condition says that ql <(
1− θBqh

)
/ (1− θB) < 1 is necessary for separation, but in a boom even the quality

of low type projects is relatively high, and therefore, one has to provide high implicit

recourse to drive the prices of low quality projects low enough. At some point, the

level of implicit recourse required to achieve separation exceeds the maximum level

that can be credibly provided, and the economy switches to the pooling equilibrium.

Calibration of parameters: Since I extend the model of Kiyotaki and Moore

(2012), I use the same level of parameters for: α = 0.4, β = 0.99, and π = 0.05.

The persistence parameter for the productivity process is p = 0.86.26 Parameters

AH , AL are chosen to match the annual standard deviation of GDP in the USA,

which is 2.8%.27 The remaining parameters are chosen to replicate the performance

(delinquency rates) of securitized assets which has been at the core of recent debates

over the e�ciency of securitization�subprime residential mortgage backed securities

issued in the USA: µ = 0.63, ∆l
(
AH
)
/∆h

(
AH
)

= 0.94 and ∆l
(
AL
)
/∆h

(
AL
)

=

0.71.28 The annual depreciation λ = 0.78 is chosen to replicate the weighted average

life (WAL) for residential MBS of 54.5 months (Centorelli and Peristiani, 2012).

And �nally the fraction of loans that can be sold is set to θ = 0.75 to allow for the

switching between pooling and separating equilibrium over the business cycle.

24Note that capital superscripts H,L refer to the aggregate state of the economy and not to the
type of investment opportunity.

25The case when At follows a Markov chain is easier to calibrate but is not crucial for the results.
An earlier version of this paper works with an AR(1) process for the aggregate TFP.

26This corresponds to an autocorrelation of TFP shocks at the quarterly frequency of 0.95.
27A similar approach is used in Nikolov (2012).
28For details see Appendix 7.3.
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Figure 4.1. Impulse responses

Solution method: The fully stochastic model is solved using a global numerical

approximation method. In particular, I �nd the price and the value functions by

iterating them on the grid of state variables until convergence.29

Impulse responses: Figure 4.1 shows how the economy behaves in a particular

episode of three periods in a state with high aggregate TFP followed by three periods

in a state with low aggregate TFP. Then the productivity shocks are switched o� and

the economy converges to the steady state.30 The point of this exercise is to show

the switch from separating equilibrium to pooling and back and its e�ects on output.

For comparison on the graph, I report impulse responses31 of the constrained model

under private information, with binding �skin in the game� and with an implicit

recourse provision as well as an unconstrained and e�cient �rst-best case. Note

that the graph depicts deviations from each model's steady state. Only the share

of high quality assets on the balance sheets (ω) is shown in absolute value. So even

though on the graph both the �rst-best and the constrained cases start at the same

point, the �rst-best case is characterized by higher absolute levels of steady state

output and capital.

29Details are in Appendix 7.4.
30In this case with a Markov chain for aggregate productivity, the steady state productivity Ā

is de�ned as the mean of the ergodic distribution across
(
AH , AL

)
, and in this zero-probability

steady state, the expectations about the occurrence of either state is set to 50%.
31The impulse responses start from a steady state to which they converge after a long period

of zero-productivity shocks, i.e. aggregate productivity stays at the steady state productivity Ā.
Then, I introduce the described sequence of productivity shocks after which the shocks are zero
again.
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Figure 4.2. The longer the boom stage, the deeper the subsequent recession

The �gure demonstrates that, as the constrained economy moves to the boom

stage of the business cycle, the separating equilibrium changes to pooling equilib-

rium, i.e., the share of high quality projects (ω) decreases, while ω remains constant

in the �rst best case at 100%. The lower share of high quality projects in the con-

strained case slows slightly in the growth of output and the accumulation of capital

already in the boom, but the e�ect is small since in the boom stage, the di�erence

in the two qualities is rather small. However, the ine�ciency in allocation of capital

continues to accumulate. As the economy exogenously moves to a recession with a

higher di�erence in qualities, one can see that the accumulated ine�ciency in the

allocation of capital is more pronounced. Therefore, booms have almost the same

relative size in a constrained and �rst-best case, but busts following a boom stage

are much deeper in a constrained case.

Figure 4.2. shows the result directly following from the switching property of

the model�the fact that the longer the boom period is preceding the recession, the

larger the fraction is of low quality assets accumulated in the pooling equilibrium,

and the larger the di�erence in the depth of a recession is compared to the �rst-best

case (a recession gap).
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5 Extensions

5.1 Endogenizing the �skin in the game�

So far the �skin in the game� (or equivalently, the share of loans that can be sold, θ)

has been taken as an exogenous parameter. In this chapter, I will sketch a simple

moral hazard problem, which would aim to justify the existence of this constraint.

Consider �rms can divert funds from the sale of current period loans needed to

cover the unit investment costs. This cannot be immediately veri�ed. To eliminate

this problem, investors require the issuing �rms to retain a su�ciently large �skin in

the game� (1− θ), i.e., to �nance a fraction 1− θ of funds in the project from their

own resources. The incentive compatible constraint then points down a su�ciently

high θ that prevents this moral hazard problem32:

V D (wβR′ | diverting funds) ≤ V ND (wβR′ | investing properly) ,

where return from diverting funds is R′ | diverting funds =
(

θqG

(1−θ)

)x
, with x being

the number of times the individual recycles the returns from this operation to issue

and sell new �castles-in-the-air� projects. Since I do not restrict the practice of the

sequential issuance of loans, which is technically needed even under proper investing,

the ICC will always fail unless θqG ≤ (1− θ), which translates to

θ ≤ 1

qG + 1
. (5.1)

Thus, the higher the sale price of loans qG, the higher a �skin in the game� level

(1− θ) is required to prevent the mentioned moral hazard problem.

Note that in this version of the model I have two sources of asymmetric infor-

mation. The �rst is the potential diversion of resources needed to make investment

properly, which cannot be immediately observed. The �skin in the game� is found

to be an e�cient tool to prevent this behavior, while the loss of reputation and

subsequent punishment are not so e�cient. The second source of information asym-

metry is the unobserved allocation of investment opportunities among �rms. In this

case according to Proposition 4 the �skin in the game� is not an e�cient tool, while

reputation-based implicit support can overcome the related ine�ciencies.

Even with an endogenous �skin in the game�, the main qualitative result of

the paper, which is the endogenous switching between the pooling and separating

32It is intuitive to assume that if a �rm would divert funds, other �rms will use at least the same
punishment tools as for the case of implicit recourse default.
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equilibrium, remains unchanged.33

5.2 �Skin in the game� as a policy parameter

The �skin in the game� can be considered as a potential policy parameter. For

instance, Section 941 of the Dodd-Frank Reform already requires a minimum explicit

risk retention of 5%.

If, as in this model, the �skin in the game� is determined endogenously by a

moral hazard problem, and securitization is the only means of �nancial intermedia-

tion, policy which tries to increase the �skin in the game� beyond the endogenously

determined value would not improve the e�ciency of �nancial intermediation. The

reasons are twofold.

First, higher "skin in the game" increases the pro�ts from securitization and

lowers the aggregate quantity of investment (this follows from Proposition 1 and 2).

Second, higher pro�ts also make the issuance and sale of loans pro�table even for

�rms with lower quality projects, which would otherwise be buyers of high qual-

ity projects (this holds both in the symmetric information case from Proposition

2 and under asymmetric information since pooling equilibrium is more likely see

Proposition 4 and Proposition 8). Therefore, both quantity as well as quality of

investment are lower with higher "skin in the game" than with the level of this

constraint determined by the market.

In contrast to some other models of securitization, such as Gorton and Pennacchi

(1995), my model does not feature continuous monitoring or e�ort level. I only have

an option of funds diversion, which is observed only with a time lag. At a high level

of abstraction, this can be understood as the analogy to costly monitoring in Gorton

and Pennacchi (1995), where the level of monitoring would take only two values (no

monitoring or full monitoring). This moral hazard problem indeed points down the

optimum level of "skin in the game". Given that everyone is rational, not only is

there no reason to increase the "skin in the game" above the level determined by

the equilibrium, but increasing it would have negative e�ects on the economy as

described above.34

One could possibly introduce additional frictions, which would create bene�ts of

33For the proof see Appendix 7.1.10. Also note that the assumption of the moral hazard problem
is absolutely essential since without it, the solution would be �rst-best even under asymmetric infor-
mation. Under �rst-best, securitization is not pro�table; therefore, �rms with access to low quality
investment do not have any incentives to mimic �rms with high quality investments. Therefore,
neither reputation equilibria nor implicit recourse would take place.

34It can be argued that this model is too simplistic to inform policy recommendations. That is
why I reproduce the above results in a richer framework with debt as well as deposit �nancing and
study the optimal mix of macro-prudential policy in Kuncl (2013).
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the mentioned regulation. However, those possible bene�ts can be outweighed by

the mentioned adverse general equilibrium e�ect especially when the regulation is

too excessive.

5.3 Adverse selection on re-sale markets

So far, we have considered the asymmetry of information between the originators of

securitized assets and buyers of these assets. In this section, I extend the asymmetry

of information to the re-sale market. In particular, I assume that the holder of the

asset can learn the quality of the underlying asset, while the buyer cannot. This

leads to a typical adverse selection on the re-sale market.

The new result in this paper comes from the interaction of the adverse selection

on re-sale markets with the switching between pooling and separating equilibria. The

severity of the adverse selection on the secondary markets depends on the di�erence

in qualities but as well on the share of low quality assets on the balance sheets.

Therefore, intuitively the adverse selection is more important in a recession than

in a boom. But also the longer the boom period is, which precedes the recession,

the larger the share is of low quality loans on the market and the more acute the

adverse selection issue becomes. If adverse selection is strong enough, securitized

loans of high quality stop being traded on the re-sale markets all together, which

further deepens the recession.

The motivation for including this section are the problems witnessed on the

securitization markets during the late 2000's �nancial crisis.

The assumption of asymmetric information on re-sale markets has the following

impact on the model behavior. First, when an asset is re-sold, there is a unique price

that is independent on the quality of this asset qst . If an asset is not re-sold, the

owner who knows its quality will value high quality asset qht and low quality asset qlt,

but this is not the market price. Second, prices depend on the share of high quality

assets on the re-sale market.35 In every period, �rms �nd out the quality of assets

on their balance sheets and sell all low quality assets. Unlike original issuers in the

period when investment was made, they no longer have the technology to provide

implicit recourse. High assets on the market are sold only by �rms with investment

opportunities who are in the need for liquidity.

Therefore, the share of high quality assets on the re-sale market is

fht =
πµωt

πµ+ (1− πµ) (1− ωt)
35See Appendix 7.1.11 for details.
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in the case of a separating equilibrium and

fht =
πωt

π + (1− π) (1− ωt)
in the case of a pooling equilibrium.

If, due to the adverse selection, the price of assets on the re-sale market drops

low enough, even �rms which sell assets due to liquidity reasons will stop selling

high quality assets. The price is so low that the return from taking advantage of the

investment opportunity would not compensate for the cost of selling a valuable asset

at a low market price. In a deterministic steady state, this situation takes place if:

Rh > qs
Rh − θRG

1− θqIR
,

whereRh = rht+1+λπµqst+1+λ (1− πµ) qht+1 andR
G = rGt+1+λπµqst+1+λ (1− πµ) qht+1.

As shown in Appendix 7.1.11, this condition implies that the share of high quality

assets traded on the re-sale market has to be low enough to satisfy:

fh < 1− qh − 1

(qh − ql) (1− θB)
.

If this conditions is satis�ed, there will not be complete market shutdowns since

low quality assets would still be sold at a fair price, but the volume of sales would

greatly diminish by the absence of high quality assets, and the level of overall in-

vestment in the economy would also be signi�cantly lower.

6 Conclusion

In this paper, I show that, in general, reputation concerns allow sponsors of securi-

tized products to signal the quality of securitized loans by providing implicit recourse

and thus they limit the problem of private information typical for securitization.

However, there are limits to the e�ciency of these particular reputation-based tools,

which become more pronounced in boom stages of the business cycles. The level of

su�ciently high implicit recourse that would not be mimicked by �rms with invest-

ment projects of lower quality exceed the level which can be credibly promised. In

the resulting pooling equilibrium, the information about the quality of loans is lost,

and investment allocation becomes more ine�cient. Due to this mechanism, large

ine�ciencies in the allocation of capital can be accumulated in the boom stage of

the business cycle. The accumulated ine�ciencies can then amplify a subsequent

downturn of the economy. Additionally, the longer the duration of the boom stage
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of the business cycle the deeper will be the fall of output in a subsequent recession.

The results of this paper also have implications for related macro-prudential pol-

icy, which requires higher explicit risk-retention ("skin in the game"). In this model,

such requirements restrict the supply of loans and, through the general equilibrium

e�ect, make securitization more pro�table. As a result, this regulation lowers both

the quantity and the quality (higher likelihood of pooling equilibria) of investment

in the economy.

In an extension of the model, I also introduce asymmetric information on the re-

sale market for securitized loans. The model predicts an ampli�ed adverse selection

in a recession, particularly if the recession is preceded by a long boom period. If

the adverse selection is severe enough, high quality securitized loans are no longer

traded at all.

The mechanism presented in this paper can contribute to the understanding of

the recent �nancial crisis as it describes the experience of securitization markets

prior to and during the recent �nancial crisis. In the period preceding the crisis,

many ine�cient investments of unknown quality were undertaken. While this was

not problematic as long as the economy was performing well, the large amount of

low quality loans in the economy ultimately contributed to the depth of the �nancial

crisis and caused severe strain on the markets for securitized products. The paper

also points to some unexpected negative e�ects of the newly proposed regulation.
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7 Appendix

7.1 Proofs

7.1.1 First-best case

Due to logarithmic utility, �rms always consume 1− β fraction of their wealth:
c = (1− β)h

(
rh + λ

)
. This policy function is linear, so it is trivial to aggregate

it across the continuum of �rms to obtain the equation describing the evolution of
aggregate variables: C = (1− β)H

(
rh + λ

)
.

From the market clearing condition, we know that I = Y − C = Hrh − C. And
from the law of motion for capital, we know that in the steady state I = (1− λ)H.
Combining these two conditions, we obtain:

Hrh − C = (1− λ)H.

Substituting for aggregate consumption we get:

Hrh − (1− β)H
(
rh + λ

)
= (1− λ)H,

rh + λ =
1

β
.

7.1.2 Proof of Proposition 1

In the �rst-best allocation, qh = 1. Should the �skin in the game� be binding,
qh > 1. Let's consider the least restrictive case where still only the �rm with access
to high quality loans is issuing credit and securitizes these loans, and the �skin in
the game� is not high enough to allow a �rm with access to low quality investment
opportunities to pro�tably issue loans ql < 1.

Under the binding �skin in the game� constraint, the aggregate investment into
a higher quality project will be (obtained as an aggregation of eq. 3.4):

IHt = πµ
β
(
Ht

((
At + ∆h

)
Kα−1
t + λqht

)
+ Lt

((
At + ∆l

)
Kα−1
t + λqlt

))(
1− θqht

) . (7.1)

Prices of particular assets are determined from the Euler equations of saving
�rms. In equilibrium, these �rms are indi�erent between investing in high or low
quality projects:

Et

 rht+1+λqht+1

qht(
ωt+1

rht+1+λqht+1

qht
+ (1− ωt+1)

rlt+1+λqlt+1

qlt

)
 = 1 (7.2)

Et

 rlt+1+λqlt+1

qlt(
ωt+1

rht+1+λqht+1

qht
+ (1− ωt+1)

rlt+1+λqlt+1

qlt

)
 = 1, (7.3)
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where ωt is the share of high quality projects in the overall assets in the economyωt =
Ht/Kt. The derivation of these conditions can be found in Appendix 7.2.

Finally, the goods market clearing condition has to hold, too:

Yt = Ct + It. (7.4)

Steady state conditions (7.1, a combination of 7.2 and 7.3, 7.4) in the steady
state become the following:

(1− λ)
(
1− θqh

)
= πµβ

(
rh + λqh

)
Ah

qh
=
Al

ql

rh = (1− λ) + (1− β)
(
rh + λqh

)
.

Combining these equations, we can obtain

qhH =
(1− λ) (1− πµ)

(1− λ) θ + πµλ
(7.5)

KH =

[
(1− λ) + (1−β)λ(1−λ)(1−πµ)

(1−λ)θ+πµλ

βAh

] 1
α−1

.

As long as qh = 1, we would obtain KH =
[

1
Ah

(
1
β
− λ
)] 1

α−1
, which is the �rst-

best optimal level of capital (compared with (3.2)). If (1− λ) (1− πµ) > (1− λ) θ+
πµλ, then qh > 1. The deterministic steady state level of capital is then lower than
in the �rst-best case:

KH =

[
(1− λ) + (1− β)λqhH

βAh

] 1
α−1

<

[
(1− λ) + (1− β)λ

βAh

] 1
α−1

= KFB.

7.1.3 Proof of Proposition 2

Proposition 2 claims that there are three possible types of steady states depend-
ing on the parameter values. In the proof of Proposition 1 above, I already described
the least restricted case, where only a �rm with access to high quality projects will
be issuing and securitizing loans. By continuing to tighten the "skin in the game"
constraint, we will increase the price of the low quality asset to 1 (ql = 1). At this
point, the �rms with access to low quality loans will be indi�erent between buying
high quality securitized assets or issuing and securitizing their own loans. Credit to
low quality projects counterweights the e�ect of tightening the "skin in the game"
constraint, and therefore, the price stays at the same levels (ql = 1, qh = Ah/Al).
For an interval of θ, there will be a steady state in which �rms with access to low
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quality investment will play a mixed strategy when giving credit with probability
ψ. As θ decreases ("skin in the game" rises), ψ increases all the way up to 1, where
a third type of steady state takes place. In this, �rms with access to both high and
low quality projects will all be issuing credit and securitizing always.

Steady state conditions are the following:

(1− λ)
(
1− θqh

)
ω = πµβ

(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
(7.6)

(1− λ)
(
1− θql

)
(1− ω) = π(1− µ)ψβ

(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
(7.7)

Ah

qh
=
Al

ql
(7.8)

ql = 1 (7.9)

ωrh + (1− ω) rl = (1− λ) + (1− β)
(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
. (7.10)

Let's de�ne

q ≡ qh

Ah
=
ql

Al
, (7.11)

and

D ≡ ωAh + (1− ω)Al. (7.12)

Using (7.11), (7.12) and combining equations (7.6), (7.7) and (7.8):

(1− λ) (1− θqD) = π (µ+ ϕ (1− µ)) βD
(
Kα−1 + λq

)

(1− λ)− π (µ+ ψ (1− µ)) βDKα−1 = qD [(1− λ) θ + π (µ+ ψ (1− µ)) βλ] .
(7.13)

We can also rewrite (7.10):

βDKα−1 = 1− λ+ (1− β)Dλq. (7.14)

Combining (7.13) and (7.14), we get

qM =
(1− λ) (1− π (µ+ ψ (1− µ)))

(1− λ) θ + π (µ+ ψ (1− µ))λ

1

D
. (7.15)

Substituting (7.15) back into (7.14), we get:
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KM =

[
(1− λ) + (1−β)λ(1−λ)(1−π(µ+ψ(1−µ)))

(1−λ)θ+π(µ+ψ(1−µ))λ

βD

] 1
α−1

. (7.16)

The deterministic steady state is de�ned by:

(1− λ)
(
1− θqh

)
ω = πµβ

(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
(7.17)

(1− λ)
(
1− θql

)
(1− ω) = π(1− µ)β

(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
(7.18)

Ah

qh
=
Al

ql
(7.19)

ωrh + (1− ω) rl = (1− λ) + (1− β)
(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
. (7.20)

Using (7.11) and (7.12), and combining equations (7.17), (7.18), and (7.19):

(1− λ) (1− θqD) = πβD
(
Kα−1 + λq

)
(1− λ)− πβDKα−1 = qD [(1− λ) θ + πβλ] . (7.21)

We can also rewrite (7.20):

βDKα−1 = 1− λ+ (1− β)Dλq. (7.22)

Combining (7.21) and (7.22), we get

qB =
(1− λ) (1− π)

(1− λ) θ + πλ

1

D
. (7.23)

Substituting (7.23) back into (7.22), we get:

KB =

[
(1− λ) + (1−β)λ(1−λ)(1−π)

(1−λ)θ+πλ

βD

] 1
α−1

. (7.24)

The second part of the proposition claims that KH > KM > KB.
To show this lets �rst focus on the within brackets part of the formulae for

capital:
Since in Case 1 qlH < 1, then qhH < Ah

Al
. And since qlM = 1, then (1−λ)(1−π(µ+ϕ(1−µ)))

(1−λ)θ+π(µ+ϕ(1−µ))λ
=

DM
Al

. The following inequality then holds:
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(1− λ) + (1− β)λqhH
βAh

<
(1− λ)
βAh

+ (1− β)λ
1

βAl
<

(1− λ)
βDM

+ (1− β)λ
1

βAl
=

(1− λ) +
(1−β)λ(1−λ)(1−π(µ+ψ(1−µ)))

(1−λ)θ+π(µ+ψ(1−µ))λ

βDM
.

This implies that

KH =

[
(1− λ) + (1− β)λqhH

βAh

] 1
α−1

>

(1− λ) + (1−β)λ(1−λ)(1−π(µ+ψ(1−µ)))
(1−λ)θ+π(µ+ψ(1−µ))λ

βDM

 1
α−1

= KM .

Similarly, we can show that KP > KB. Since wB < wP , then DB < DP . Also
qlB > 1, then (1−λ)(1−π)

(1−λ)θ+πλ
> DB

Al
. This implies that

(1− λ) +
(1−β)λ(1−λ)(1−π(µ+ψ(1−µ)))

(1−λ)θ+π(µ+ψ(1−µ))λ

βDM
=

(1− λ)
βDM

+ (1− β)λ
1

βAl
<

(1− λ)
βDB

+ (1− β)λ
1

βAl
<

(1− λ) +
(1−β)λ(1−λ)(1−π)

(1−λ)θ+πλ

βDB
,

KM =

 (1− λ) + (1−β)λ(1−λ)(1−π(µ+ψ(1−µ)))
(1−λ)θ+π(µ+ψ(1−µ))λ

βDM

 1
α−1

>

 (1− λ) + (1−β)λ(1−λ)(1−π)
(1−λ)θ+πλ

βDB

 1
α−1

= KB .

7.1.4 Proof of Proposition 3

Even when the �skin in the game� constraint is not binding enough to in�uence
aggregate quantities and prices, the capital and output levels are lower than in the
�rst-best case due to the ine�cient allocation of capital. When the �skin in the
game� constraint is not binding, the average gross pro�t from one unit of invested
capital in the economy equals

r̄ = µrh + (1− µ)rl =
1

β
− λ.

The level of capital KP is determined by:

KP =

[
1

µAh + (1− µ)Al

(
1

β
− λ
)] 1

α−1

<

[
1

Ah

(
1

β
− λ
)] 1

α−1

= KFB.

Suppose (1− π) (1− λ) > πλ + (1− λ) θ, in which case the "skin in the game"
constraint starts to bind in this case of private information. The deterministic steady
state conditions then collapse into the two following equations in (K, q):

(1− λ) (1− θq) = πβ
(
µrh + (1− µ)rl + λq

)
,

µrh + (1− µ)rl = (1− λ) + (1− β)
(
µrh + (1− µ)rl + λq

)
,

where q = µqh + (1− µ) ql. From this we can easily derive:
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q =
(1− π) (1− λ)

πλ+ (1− λ) θ
(7.25)

K =

[
(1− λ) + (1− β)λq

β (µAh + (1− µ)Al)

] 1
α−1

.

In the proof of Proposition 1 and 2, we already proved that KFB > KH > KM >
KB. To prove Proposition 3, it su�ces to prove that KB > Kprivate, where Kprivate

is the level of capital under private information about the allocation of investment
opportunities. To obtain KB > Kprivate, we need:

Kα−1
B < Kα−1

private,

(1− λ) + (1−β)λ(1−λ)(1−π)
(1−λ)θ+πλ

β (ωAh + (1− ω)Al)
<

(1− λ) + (1−β)λ(1−λ)(1−π)
(1−λ)θ+πλ

β (µ∆Ah + (1− µ)Al)
,

ω > µ.

Writing equations (7.17) and (7.18) into a ratio, we obtain:

(1− λ)
(
1− θqh

)
ω

(1− λ) (1− θql) (1− ω)
=

πµβ
(
ω
(
rh + λqh

)
+ (1− ω)

(
rl + λql

))
π(1− µ)β (ω (rh + λqh) + (1− ω) (rl + λql))

.

Since qh > ql, we can obtain:

ω

(1− ω)
=

(
1− θql

)
(1− θqh)

µ

(1− µ)
>

µ

(1− µ)
,

and this implies that ω > µ.

7.1.5 Proof of proposition 4

Under the private information case, �rms with low quality investment opportu-
nities prefer to buy high quality loans rather than to mimic �rms with high quality
investment opportunities if:

R | mimicking < R | buying high loans,
rl + λql

1−θqh
1−θ

<
rh + λqh

qh
,

(1− θ) qh

1− θqh
<

rh + λqh

rl + λql
=
qh

ql
,

ql <
1− θqh

1− θ
.

Substituting for q from (7.5) and using Ah

qh
= Al

ql
, we get
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Ah

Al
>

(1− πµ) (1− λ) (1− θ)
πµλ+ (1− λ) θπµ

.

7.1.6 Credibility of the trigger punishment strategy

A necessary condition for the existence of the reputation equilibrium in which
implicit recourse is being provided is the credibility of the punishment rule. The
saving �rm, which observes default on the implicit recourse, has to be prefer punish-
ing the defaulting �rm rather than non-punishing the defaulting �rm, even ex-post.
This is expressed in condition (3.12). I will derive analytically both elements of that
inequality in the case of the separating deterministic steady state, where the level
of aggregate TFP is constant. In the fully stochastic version, this can be solved
numerically. Following the same steps as in Appendix 7.1.9, we can �nd that the
value function of the �rm that always punished, and therefore has a reputation of
being a �tough investor�, is:

V P (w) =
log [(1− β)w]

1− β
+
β log (β)

(1− β)2 +
β

(1− β)2

(
πµ log

(
Rh,IR

)
+ (1− πµ) log (Rs)

)
,

and the value function of the �rm that failed to punish and therefore lost repu-
tation of being a �tough investor� is:

V NP (w) =
log [(1− β)w]

1− β
+
β log (β)

(1− β)2 +
β

(1− β)2

(
πµ log

(
Rh,IR

)
+ (1− πµ) log

(
Rs,NP

))
.

If a �rm loses its reputation of being a �tough investor�, other �rms will expect
that this �rm will never punish in the future, and as a consequence, they will never
provide implicit support to this �rm anymore. So when a �rm without the reputation
of being a �tough investor� buys assets with implicit support issued in the primary

market, its return is Rs,NP = rh+λqh

qG
. While �rms with a �tough investors� reputation

have a return of Rs,NP = r̂G+λqh

qG
. If �rms without a �tough investors� reputation buy

assets without implicit recourse on the secondary (re-sale) markets, they are also in
a disadvantageous position. When �rms with a �tough investors� reputation sell high
quality assets to �rms with a reputation, they charge a market price qh. However, if
�rms without the reputation have the outside option of only buying on the primary
market, they will be willing to buy a high quality asset even for the price qG. The
price for which a high quality asset is sold on the secondary market to the �rms
without a reputation is somewhere on the interval qh,NP ∈

(
qh, qG

)
, depending on

the bargaining power of sellers and buyers. Unless all bargaining power is on the
side of �rms without reputation, then qh,NP > qh. This implies that Rs,NP < Rs,
and therefore, saving �rms are better-o� punishing, and inequality (3.12) would be
satis�ed.

It is well known that trigger strategies are often not renegotiation-proof. While
in this paper I do not address this problem in detail and rule out renegotiation by
assumption, it can be shown that for a large set of parameter space and relative
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bargaining power of di�erent agents in the economy, renegotiation is not optimal.
Therefore, a trigger strategy will be robust even in the case when renegotiation is
allowed.

Suppose one �rm decides to default on the implicit support (which is the case
that is relevant for the ICC for non-defaulting, eq. 3.11). Other �rms decide whether
to punish this �rm and face lower returns in the future Rs,NP as shown above or
whether not to punish and negotiate for better terms with the defaulted �rms, i.e.,
buy the assets from them for a lower price qh,RN < qh, giving it a return Rs,RN > Rs.
However, those bene�ts from renegotiation are limited by the fact that the defaulted
�rm would be selling the assets only with probability πµ, and the quantity of assets
the �rm can sell is limited and proportional to its equity. Even if the quantity of
the assets sold by the defaulted �rm is large enough, renegotiation would not be
optimal as long as

Rs > πµRs,RN + (1− πµ)Rs,NP .

This depends on prices qh, qh,NP , qh,RN , which themselves depend upon the rel-
ative bargaining power of di�erent agents in the economy.

7.1.7 Proof of proposition 5

I claimed that if the implicit recourse would be credible, the optimal level of
promise would mean qj = 1 and therefore zero pro�t for securitizing �rms. The
relevant F.O.C. can be transformed in the following way:

Let's consider F.O.C. for �rms with high quality investment opportunities. The

remaining would not invest at all.

∂V ND

∂rG
=

∂V ND′

∂ (w′ − cir′)
∂ (w′ − cir′)

∂rG
= 0,

∂V ND′

∂ (w′ − cir′)
∂

∂rG
(1− θ) βw

(
rj
′
+ λqj

)
− θβw

(
rG − rj

)
1− θqG

= 0,

∂V ND′

∂ (w′ − cir′)
∂

∂rG
βw
(
rj
′
+ λqj − θ

(
rG
′
+ λqj

))
1− θqG

= 0.

After substituting in this case with constant aggregate productivity qG,j =
rG
′
+λqj

rj′+λqj
qj, this condition implies that

∂V ND′

∂ (w′ − cir′)
∂

∂rG

βw
(
rj
′
+ λqj

) (
1− θ qG,j

qj

)
1− θqG,j

= 0,

and since ∂V ND
′

∂(w′−cir′) > 0, ∂q
G,j

∂rG
> 0, the above condition simpli�es to

∂

∂qG,j

(
1− θ qG,j

qj

)
1− θqG,j

=
θ (qj − 1)

qj (1− θqG,j)2 = 0.
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This implies qj = 1.
Note that for when the level of rG satis�es this condition, the return from in-

vesting and securitizing is equal to the return from investing but not securitizing,
i.e., securitization does not increase the return:

R | investing & securitizing = R | investing(
rj + λqj − θ

(
rG + λqj

))
1− θ rG+λqj

rj+λqj
qj

=
rj + λqj

1
.

When you substitute in the above condition qj = 1, the condition is exactly
satis�ed for all parameter values.

7.1.8 Proof of Proposition 8

To complete the proof of Proposition 8 sketched in the main text, I �rst need to
derive from (3.13) the (3.14) and show that the RHS of equation (3.14) is indepen-
dent of the the level of aggregate productivity A. This means that variables B and
qh should be independent of the level of aggregate productivity A.

Under separation, steady state conditions are the following:

(1− λ)
(
1− θqh,IR

)
= πµβ

(
rh + λqh

)
, (7.26)

rh = (1− λ) + (1− β)
(
rh + λqh

)
, (7.27)

rG + λqh

qG
=

(
A+4h

)
Kα−1 + λqh

qh
, (7.28)

V ND (w′ − cir′) = V D (w′) . (7.29)

Using the following property given by the logarithmic utility function:

V (w) = log ((1− β)w) + β log ((1− β)βRw) + β2 log
(
(1− β)β2R2w

)
+ β3 log

(
(1− β)β3R3w

)
. . .

=
1

1− β
log (w) + log ((1− β)) + β log ((1− β)βR) + β2 log

(
(1− β)β2R2

)
+ β3 log

(
(1− β)β3R3

)
. . .

=
1

1− β
log (w) + V (1) ,

we can transform the no-default condition expressed in (7.29) in the following way:

V D
(
w′
)

= V D

(
wβ

(1− θ)
(
rh + λqh

)
(1− θqG)

)
= V D (w) +

1

1− β
log

(
β

(1− θ)
(
rh + λqh

)
(1− θqG)

)

V ND
(
w′ − cir′

)
= V ND

wβ (1− θ)
(
rh + λqh − θ

1−θ
(
rG − rh

))
(1− θqG)


= V ND (w) +

1

1− β
log

β (1− θ)
(
rh + λqh − θ

1−θ
(
rG − rh

))
(1− θqG)

 .
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For simplicity, let's express the value functions separately from individual wealth
in the following way, which is easy to do given the log utility:V (w) = V (1) +

1
1−β log (w). We also can �nd solutions for value functions with wealth normalized

to unity, which we can denote simply as V = V (1) .

V ND = log (1− β) + β
(
πµV ND

(
βRh,IR

)
+ π (1− µ)V ND

(
βRl

)
+ (1− π)V ND (βRz)

)
= log (1− β) + β

(
πµ log

(
βRh,IR

)
1− β

+ π (1− µ)
log
(
βRl

)
1− β

+ (1− π)
log (βRz)

1− β
+ V ND

)

=
log (1− β)

1− β
+
β log (β)

(1− β)2
+

β

(1− β)2

(
πµ log

(
Rh,IR

)
+ π (1− µ) log

(
Rl
)

+ (1− π) log (Rz)
)
.

V D = log (1− β) + β
(
πµV D

(
βRh,D

)
+ π (1− µ)V D

(
βRl

)
+ (1− π)V D (βRz)

)
= log (1− β) + β

(
πµ log

(
βRh,D

)
1− β

+ π (1− µ)
log
(
βRl

)
1− β

+ (1− π)
log (βRz)

1− β
+ V D

)

=
log (1− β)

1− β
+
β log (β)

(1− β)2
+

β

(1− β)2

(
πµ log

(
Rh,D

)
+ π (1− µ) log

(
Rl
)

+ (1− π) log (Rz)
)
.

Substituting the above derived conditions into the no-default condition (7.29)
and canceling the terms equal for both value functions, we obtain:

log

(
β (1− θ)

(
rh + λqh −

θ

1− θ

(
rG − rh

)))
+
βπµ

1− β
log
(
Rh,IR

)
= log

(
β (1− θ)

(
rh + λqh

))
+
βπµ

1− β
log
(
Rh,D

)
,

where LHS shows the utility from consumption when wealth is reduced by repay-
ment of implicit recourse and from the future discounted bene�t of having a good
reputation. The RHS then shows higher immediate utility from savings on implicit
recourse, but the future utility is lower since the �rm can no longer issue and sell
new loans. This equation can further be simpli�ed using (7.28) and substituting for
the returns:

log

(
rh + λqh − θ

(
rG + λqh

)
(1− θ)

(
rh + λqh

) )
= −

βπµ

1− β
log

(
Rh,IR

Rh,D

)

= −
βπµ

1− β
log

 (1− θ)
(
rh + λqh − θ

1−θ
(
rG − rh

))
(1− θqG)

1(
rh + λqh

)


= −
βπµ

1− β
log

(
rh + λqh − θ

(
rG + λqh

)
rh + λqh − θqh

(
rG + λqh

)) .
Now let's denote the price premium for the equilibrium implicit guarantee B ≡

qG

qh
= rG+λqh

rh+λqh
, then we can express the above equation as follows:

log

(
1− θB
1− θ

)
=

βπµ

1− β
log

(
1− θBqh

1− θB

)
, (7.30)

which is an equation in two unknown endogenous variables
(
B, qh

)
depending on

time preference parameters β and parameters de�ning the strength of the �nancing
frictions (π, µ, θ).
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We can express a second steady state condition in two endogenous variables(
B, qh

)
combining two remaining conditions for the steady state (7.26, 7.27):

(1− λ)
(
1− θBqh

)
= πµ

(
1− λ+ λqh

)
. (7.31)

Combining the two equations (7.30, 7.31), we can obtain the solution to both the
price of the high-quality asset qh and the price premium for the equilibrium implicit
guarantee B. Crucially, the solution does not depend on the level of aggregate
productivity A, which is one step we needed to show to complete the proof of
Proposition 8.

The second step is to derive (3.14) from (3.13). Note that in the separating
equilibrium, selected by the Intuitive Criterion, mimicking �rms with access to low
quality projects would �nd optimal to default on implicit recourse since in a sepa-
ration equilibrium, rG∗ > rGl,cred,s.

Similarly as with condition 7.29, we can transform the following condition for

separation (3.13):

V l (mimicking& default) < V l (buying high loans)

log

(
β (1− θ)

(
rl + λql

)
(1− θqG)

)
+

βπµ

1− β
log
(
Rh,D

)
< log

(
β

(
rh + λqh

)
qh

)
+ βπµ log

(
Rh,IR

)
− βπµ

1− β
log

(
Rh,IR

Rh,D

)
< log

( (
1− θqh,IR

)
(rl + λql) (1− θ)

(
rh + λqh

)
qh

)
βπµ

1− β
log

(
1− θBqh

1− θB

)
< log

((
1− θBqh

)
(1− θ)

ql

)
.

Using (7.30) and the preceding transformations, we can replace LHS to get:

log

(
1− θB
1− θ

)
< log

((
1− θBqh

)
(1− θ)

ql

)

ql <
1− θBqh

1− θB
. (7.32)

If we divide (7.32) by qh and substitute the ratio of prices by the steady state
asset market clearing condition Ah/qh = Al/ql, then we obtain:

Ah

Al
>

(1− θB) qh

1− θBqh
.

Proposition 8 (iii) also claims that the inequality in (3.5) is less likely to be

satis�ed than in (3.14). To prove that, let's �rst rewrite the denominator of (3.5)

using (7.5), which says:

(
1− θqh

)
(1− λ) = πµ

(
1− λ+ λqh

)
,

to obtain
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Ah

Al
>

(1− θ) (1− λ)

πµ
(

1−λ
qh

+ λ
) .

Similarly, let's rewrite the denominator of (3.14) using (7.31) to obtain:

Ah

Al
>

(1− θB) (1− λ)

πµ
(

1−λ
qh

+ λ
) .

We can show that

1− λ
πµ

=
(1− θ) (1− λ)

πµ
(

1−λ
qh

+ λ
) | no implicit recourse > (1− θB) (1− λ)

πµ
(

1−λ
qh

+ λ
) | implicit recourse

because the price premium for implicit recourse B is, by de�nition, higher than

one, and qh | no implicit recourse > qh | implicit recourse. The latter comes di-

rectly from comparing (7.5) and (7.31), which when combined give:

1− λ+ λqh

1− θqh
| no implicit recourse =

1− λ+ λqh

1− θBqh
| implicit recourse.

Further, this can be satis�ed only if qh | no implicit recourse > qh | implicit recourse.

7.1.9 Other derivations from sub-chapter 3.4.3

Conditions for the minimum level of implicit recourse needed for sep-

aration Gminsep:

At Gminsep, �rms with low quality investments are indi�erent between mimicking
and separating:

V l | mimicking& default = V l | buying high loans

log

(
β (1− θ)

(
rl + λql

)
(1− θqG)

)
+ βπµ log

(
Rh,D

)
= log

(
β

(
rh + λqh

)
qh

)
+ βπµ log

(
Rh,IR

)
−βπµ log

(
1− θBmin

1− θ

)
= log

((
1− θBminqh

)
(1− θ)

ql

)
. (7.33)

Combining (7.33) with the following equilibrium investment condition

(1− λ)
(
1− θBminq

h
)

= πµ
(
1− λ+ λqh

)
, (7.34)

where Bmin ≡ qG

qh
=

(A+Gminsep)Kα−1+λqh

rh+λqh
, gives

{
Gminsep, q

h, Bmin

}
.

Conditions for a unique pooling equilibrium:
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A necessary condition for �rms to have incentives to increase G above Gl
cred,p is:

it must be considered as pro�table to, at least, individually deviate above Gl
cred,p.

The following condition should, therefore, be satis�ed:

∂V ND

∂rG
=
∂V ND

∂Rh,IR

∂Rh,IR

∂rG
> 0.

Since ∂V ND

∂Rh,IR
> 0, this becomes:

∂Rh,IR

∂rG
=

∂

∂rG

((
rh − θ

1−θ

(
rG − rh

))
+ λqh

)
(1− θ)

1− θ (µrG+(1−µ)rl)+λ(µqh+(1−µ)ql)
rh+λqh

qh
> 0.

In taking the derivative, we obtain:

−θKα−1

(
1− θ

(
µrG + (1− µ) rl

)
+ λ

(
µqh + (1− µ) ql

)
rh + λqh

qh

)

+
θµqhKα−1

rh + λqh

(
rh − θ

1− θ

(
rG − rh

)
+ λqh

)
(1− θ) > 0

(
rh − θ

1− θ

(
rG − rh

)
+ λqh

)
(1− θ)µqh > rh + λqh − θ

(
µrG + (1− µ) rl

)
+λ
(
µqh + (1− µ) ql

)
qh(

µqh − 1
)(

rh + λqh
)

> θqh (µ− 1)
(
rl + λql

)
. (7.35)

As long as
(
µqh − 1

)
> 0, the condition (7.35) always holds since µ < 1. When(

µqh − 1
)
< 0, then we get

(
rh + λqh

)
< θ

qh (1− µ)

(1− µqh)
(
rl + λql

)
,

which is not satis�ed if:

Ah

Al
> θ

qh (1− µ)

(1− µqh)
,

or when rewritten:

µ <
1− θql

qh − θql
.

This implies that the share of high quality assets has to be low enough, or in a

pooling equilibrium, the relative di�erence in TFP has to be large enough.

7.1.10 Endogenizing the �skin in the game�

If we endogenize the "skin in the game" with the moral hazard problem described
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in chapter 5, we obtain the incentive compatible constraint (5.1). In this sub-chapter,
I would like to show brie�y that the main results concerning the provision of implicit
recourse and the endogenous switching between the pooling equilibrium and the
separating equilibrium hold.

First, we have to check whether �rms have the incentive to provide implicit
support. The check is equivalent to the proof of Proposition 5 as discussed in
chapter 7.1.7 and which boils down to show that

∂

∂qG,j

(
1− θ qG,j

qj

)
1− θqG,j

=
(qj − 1)

qj (1− θqG,j)2

∂θqG,j

∂qG,j
≥ 0.

Since ∂θqG,j

∂qG,j
= ∂

∂qG,j
qG,j

qG,j+1
= 1

(qG,j+1)2
> 0, the above condition corresponds again

to qj ≥ 1. This means that in equilibrium, implicit recourse will be provided.
Given (5.1), the separating equilibrium in the deterministic steady state is de-

�ned by:

log

(
1− θB
1− θ

)
=

βπµ

1− β
log

(
1− θqhB
1− θB

)
, (7.36)

(1− λ)
(
1− θBqh

)
= πµ

(
1− λ+ λqh

)
log

(
1− θB
1− θ

)
=

βπµ

1− β
log

(
1− θqhB
1− θB

)
θ =

1

Bqh + 1
.

Which simpli�es into two equations, which are independent on the level of TFP
A:

(1− λ)

(
1

Bqh + 1

)
= πµ

(
1− λ+ λqh

)
log

(
B
(
qh − 1

)
+ 1

Bqh

)
=

βπµ

1− β
log

(
1

B (qh − 1) + 1

)
.

The conditions for the existence of a separating equilibrium (3.14) becomes:

Ah

Al
> qh

(
B
(
qh − 1

)
+ 1
)
.

7.1.11 Adverse selection on re-sale markets

We derive the pricing conditions from the F.O.C. of saving �rms. In the case of
a separating equilibrium, they are the following. The value of a high quality asset qht
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re�ects the expected gross pro�t next period and the value of the asset next period,
which is qht+1 if the �rm has no investment opportunities and keeps the asset on the
balance sheet, or qst+1 if the �rms has an investment opportunity and sells the asset:

Et

[
1

Ξt+1

rht+1 + λπµqst+1 + λ (1− πµ) qht+1

qht

]
= 1.

The value of the low quality asset re�ects the expected next period gross pro�ts
and the expected next period resale price since low assets are always sold on the
re-sale market.

Et

[
1

Ξt+1

rlt+1 + λqst+1

qlt

]
= 1.

The price of the newly issued asset with implicit support in a separating equi-
librium and the price of an asset sold on the re-sale market satisfy the following:

Et

[
1

Ξt+1

rGt+1 + λfht
(
πµqst+1 + λ (1− πµ) qht+1

)
qGt

]
= 1,

Et

[
1

Ξt+1

fht r
h
t+1 +

(
1− fht

)
rlt+1 + λfht

(
πµqst+1 + λ (1− πµ) qht+1

)
+ λ

(
1− fht

)
qst+1

qst

]
= 1,

where

Ξt+1 = It
rGt+1 + λqst+1

qGt
+ λKt[(πµ+ (1− πµ) (1− ωt))

fht r
h
t+1 +

(
1− fht

)
rlt+1 + λqst+1

qst

+ (1− πµ)ωt
rht+1 + λπµqst+1 + λ (1− πµ) qht+1

qht
].

Also note that qst = fht q
h
t +

(
1− fht

)
qlt.

Conditions for no trade of high quality assets For investing �rms preferring

to keep their high quality loans rather than selling them and investing such obtained

liquidity, the following condition has to be satis�ed in the deterministic steady state:

Rh > qs
Rh − θRG

1− θqG
,

whereRh = rht+1+λπµqst+1+λ (1− πµ) qht+1, andR
h = rht+1+λπµqst+1+λ (1− πµ) qht+1.

This can be transformed as follows:

Rh − θqhRG > qsRh − θqsRG

Rh (1− qs) > θRG
(
qh − qs

)
.
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Substituting qs = fhqh +
(
1− fh

)
ql, and B = RG/Rh we get

1− fhqh −
(
1− fh

)
ql > θB

(
1− fh

) (
qh − ql

)
1− fhqh

1− fh
> θBqh + (1− θB) ql

fh
(
ql − qh

)
(1− θB) > θBq

h − 1 + (1− θB) ql

fh < 1− qh − 1

(qh − ql) (1− θB)
.

7.2 Derivation of �rms' policy functions

In this chapter, I will derive in detail the policy functions of �rms in the most
general case. It is convenient to rewrite the �rm's problem characterized in sub-
chapter 3.1.3 in a recursive formulation:

V ND
(
s̄, w − cir; S̄

)
= π

(
µV ND,h

(
s̄, w − cir; S̄

)
+ (1− µ)V ND,l

(
s̄, w − cir; S̄

))
+ (1− π)V ND,z

(
s̄, w − cir; S̄

)
,

V D
(
s̄, w; S̄

)
= π

(
µV D,h

(
s̄, w; S̄

)
+ (1− µ)V D,l

(
s̄, w; S̄

))
+ (1− π)V D,z

(
s̄, w; S̄

)
,

V ND,k
(
s̄, w; S̄

)
= max

c,i,
{
a′j

}
j
,hS′,lS′,rG′

[log (c)

+βE
[
max

(
V ND

(
s̄′, w′ − cir′; S̄′

)
, V D

(
s̄′, w′; S̄′

))]
],

V D,k
(
s̄, w; S̄

)
= max

c,i,
{
a′j

}
j
,hS′,lS′

[
log (c) + βEV D

(
s̄′, w′; S̄′

)]
,

subject to the budget constraints that take the following form for investing �rms
for which the �skin in the game� constraint is binding:

ci,t+

(
1− θqGi,t

)
(1− θ)

hi,t+1+ciri,t =
∑

j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+hSi,t(r

h
t +λqht )+lSi,t(r

l
t+λq

l
t) ∀i ∈ Ht∩It,

ci,t+

(
1− θqGi,t

)
(1− θ)

li,t+1 +ciri,t =
∑

j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+hSi,t(r

h
t +λqht )+ lSi,t(r

l
t+λqlt) ∀i ∈ Lt∩It.

The incentive compatible constraints, which have to be satis�ed in equilibrium
for reputation-based implicit recourse to exist, are the following:

V ND
(
s̄, w − cir; S̄

)
≥ V D

(
s̄, w; S̄

)
,

V P
(
s̄; S̄
)
≥ V NP

(
s̄; S̄
)
,
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where V ND, V D, V P and V NP are the value functions if the �rm never defaulted,
defaulted, always punished a default on implicit recourse and failed to punished,
respectively.

From �rst-order conditions, we can obtain the following Euler equations in cases
where the �skin in the game� is binding for all investing �rms:

Et

[
β
ci,t
ci,t+1

ˆrGt+1 + λqj,t+1

qGj,t

]
= 1 ∀i ∈ St,∀j ∈ It, (7.37)

Et

[
β
ci,t
ci,t+1

rht+1 + λqht+1

qht

]
= 1 ∀i ∈ St, (7.38)

Et

[
β
ci,t
ci,t+1

rlt+1 + λqlt+1

qlt

]
= 1 ∀i ∈ St, (7.39)

Et

β ci,t
ci,t+1

rht+1 + λqht+1

(1−θqGt )
(1−θ)

 = 1 ∀i ∈ Ht ∩ It, (7.40)

Et

β clt
clt+1

rlt+1 + λqlt+1

(1−θqG,lt )
(1−θ)

 = 1 ∀i ∈ Lt ∩ It. (7.41)

I guess and verify that all investing �rms provide the same level of implicit
support rGj,t+1 = rGt+1 ∀j ∈ It (see discussion in chapter 3.3. for details). Then, I
guess and verify that policy functions have the following form.

Due to the logarithmic utility function, all �rms consume a (1− β) fraction of

their wealth:

ci,t = (1− β)

 ∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

) ∀i.
Under binding "skin in the game", �rms with access to high quality investment

opportunities Ht invest all of the non-consumed part of wealth into new projects

and sell the maximum fraction of investment θ to saving �rms:

hi,t+1 =

ai,i,t+1 =
β
(∑

j∈It−1
ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
(1−θqGi,t)

(1−θ)

∀i ∈ Ht ∩ It,

li,t+1 = 0 ∀i ∈ Ht ∩ It.

In the pooling equilibrium, �rms with access to low quality investment opportu-

nities Lt also invest all of the non-consumed part of wealth into new projects, and if
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the �skin in the game� constraint is binding, they sell the maximum fraction of the

investment θ to saving �rms:

li,t+1 =

ai,i,t+1 =
β
(∑

j∈It−1
ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
(1−θqGi,t)

(1−θ)

1 ∀i ∈ Lt ∩ It,

hi,t+1 = 0 ∀i ∈ Lt ∩ It.

If the economy is in a separating equilibrium, the intersection Lt ∩ It = Ø is

an empty set, and �rms with access to low quality investment opportunities Lt are
not investing into new projects, but rather are buying securitized assets from other

�rms Lt ⊂ St.
Saving �rms St are in equilibrium indi�erent between investing into di�erent

types of assets. All of them try to diversify their investment, so I guess and verify

that in equilibrium, all will allocate the same fraction of wealth into di�erent types

of assets:

hSi,t+1 =
ζhSβ

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qht

∀i ∈ St,

lSi,t+1 =
ζ lSβ

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qtt

∀i ∈ St,

hPi,t+1 =
∑

j∈Ht∩It

ai,j,t+1

=
ζhPβ

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qGt

∀i ∈ St,

lPt+1 =
∑

j∈Lt∩It

ai,j,t+1

=
ζ lPβ

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qGt

∀i ∈ St,

where ζhS + ζ lS + ζhP + ζ lP = 1.

The consumption of the �rms in the following period depends on the return from

their investment:
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ci,t+1 = (1− β) [hSi,t+1

(
rht+1 + λqht+1

)
+ lSi,t+1

(
rlt+1 + λqlt+1

)
+hPi,t+1

(
ˆ
rG,ht+1 + λqht+1

)
+ lPt+1

(
ˆ
rG,lt+1 + λqlt+1

)
] ∀i ∈ St,

ci,t+1 = (1− β)
(
hi,t+1

(
rht+1 + λqht+1

))
∀i ∈ Ht ∩ It,

ci,t+1 = (1− β)
(
li,t+1

(
rlt+1 + λqlt+1

))
∀i ∈ Lt ∩ It.

Using these guesses and substituting in (7.40) and (7.41), we can see that these
conditions always hold.

The remaining Euler equations (7.38), (7.39), and (7.37) after substitutions, can
be rewritten into:

Et

 rht+1+λqht+1

qht

Ξt+1

 = 1,

Et

 rlt+1+λqlt+1

qlt

Ξt+1

 = 1,

Et

 ˆrGt+1+λqt+1

qG

Ξt+1

 = 1,

where Ξt+1 = ζhS
rht+1+λqht+1

qht
+ ζ lS

rlt+1+λqlt+1

qlt
+ ζhP

ˆ
rG,ht+1+λqht+1

qGt
+ ζ lP

ˆ
rG,lt+1+λqlt+1

qGt
.

The allocation of saving �rms (those with zero-pro�t projects) between high
and low investment projects have to satisfy the market clearing conditions on both
primary and secondary markets for high and low projects.

λHt = ζhSβ
∑
i∈St

 ∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

)
λLt = ζlSβ

∑
i∈St

 ∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

)

θ
β
∑
i∈Ht∩It

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))(
1− θqGt

)
=
ζhP

∑
i∈St

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qGt
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θ
β
∑
i∈Lt∩It

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))(
1− θqGt

)
=
ζlP

∑
i∈St

(∑
j∈It−1

ai,j,t

(
ˆrGj,t + λqj,t

)
+ hSi,t

(
rht + λqht

)
+ lSi,t

(
rlt + λqlt

))
qGt

And the goods market clears, too: Yt = Ct + It.

7.3 Calibration of the parameters used in chapter 4

In chapter 4, I explain the choice of most of the model parameters. Here I would

like to speci�cally comments on the choice of the share of high quality investment

opportunities µ and the dispersion of the type-speci�c component of high and low

quality projects in the two states ∆l
(
AH
)
/∆h

(
AH
)
, ∆l

(
AL
)
/∆h

(
AL
)
.

I choose these parameters to replicate the performance (delinquency rates) of

securitized assets, which has been at the core of recent debates over the e�ciency

of securitization�subprime residential mortgage backed securities. Demyanyk and

Van Hemert (2011) study the delinquency rates of subprime mortgage loans. In

Figure 7.1, which is taken from Demyanyk and Van Hemert (2011), they report

the actual delinquency rates of these loans in the left panel and in the right panel

the delinquency rates adjusted by the e�ect of various observable characteristics of

the loans and the economy. They conclude that the quality of the loans measured

by the adjusted delinquency rates has deteriorated signi�cantly since 2004. This

�nding is consistent with the switching mechanism presented in this paper. As you

can see in the left panel of the Figure 7.2, the U.S. emerged from a recession in

2003, and in 2004, the output again reached its potential. The model predicts that

as the economy moves to the boom stage of a business cycle, the equilibrium in

the signaling game becomes pooling, and as a consequence, low quality loans start

to be �nanced. As shown in the right panel of the Figure 7.1, the boom period

of 2004-2007 is associated with lower quality loans, and the economic downturn of

2001-2003 is associated with higher quality loans.

I used the reported delinquency rates by Demyanyk and Van Hemert (2011) to

calibrate the model parameters.36 I particularly I want to match the delinquency

rate of high quality loans after 12 months in the low state to the delinquency of

the 2001 vintage, which is 12.5%; the delinquency rate of high quality loans after

12 months in the high state to the average of the delinquency of the 2002 and 2003

vintage which is approx. 7%; the delinquency rate of a mix of high and low quality

36The model presented in this paper does not model loan repayments explicitly. If I assume that
a delinquent fraction of loans/projects do not generate cash-�ows in the current period, then I can
compute the ratio of gross pro�ts in the two types of projects.

60



loans after 12 months in the high state to the delinquency of the 2005 vintage, which

is 9.5%; and the delinquency rate of the mix of high and low quality loans after 12

months in the low state to the delinquency of the 2007 vintage, which is 22.5%. This

gives me: ∆l
(
AH
)
/∆h

(
AH
)

= 0.94 and ∆l
(
AL
)
/∆h

(
AL
)

= 0.71.

Calibration of the share of high quality investment opportunities µ is more com-

plicated since I do not have disaggregated data for the USA. However, assuming

the growth in the volume of subprime mortgage loans between 2003 and 2004 was

driven mainly by the entry of �rms with access to low quality loans into the market,

we would obtain µ = 0.6. Since this estimate is rather rough, I use loan level data

from Moody's PDS database for the UK. When we compare the delinquency rates

of the collateral of the RMBS in the period with the lowest output gap, i.e., in

period 2009q3 for loans issued in previous boom stages of the business cycle, i.e.,

in 2005q3-2008q1 (left panel) with those of loans issued in previous recessions, i.e.,

in periods 2001Q3-2003Q2 and 2004Q3-2005Q2, we �nd a signi�cant di�erence. In

particular, it seems that we can distinguish in the subset of RMBS issued in the

boom period two groups relatively clear cut. One has very low delinquency rates

(below 4%) and the other has, at times, much higher delinquency rates. When I

use the threshold delinquency rate of 4% to identify high and low quality assets

and combine the reported frequency with volumes, I �nd the share of high quality

investment opportunities µ = 0.63. This is approximately consistent with my initial

guess for the subprime mortgage loans in the USA, so I use this arameter level.

7.4 Numerical solutions of the fully stochastic dynamic model

To solve the fully stochastic dynamic model, I use global numerical approxima-
tion methods. Since, depending on the state variables, the economy is switching
between separating and pooling equilibria, I am using global approximation meth-
ods. In particular, I look for the values of the following functions:

qht = Γ1 (At, Kt, ωt)

qlt = Γ2 (At, Kt, ωt)

V ND − V D = Γ3 (At, Kt, ωt)

I construct a grid for the three aggregate states A, K, and ω and start with
a guess equal to steady-state values. Then, I iterate using a set of equilibrium
conditions to �nd the updated values of (Γ1,Γ2,Γ3) until the updated values are
close to previous guesses:
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Figure 7.1. Actual and adjusted delinquency rates for subprime mortgages by De-
myanyk and Van Hemert (2011)

Note: On p.1, Demyanyk and Van Hemert (2011) describe their �gure: �The �gure shows the age pattern in the

actual (left panel) and adjusted (right panel) delinquency rate for the di�erent vintage years. The delinquency

rate is de�ned as the cumulative fraction of loans that were past due 60 or more days, in foreclosure, real-estate

owned, or defaulted, at or before a given age. The adjusted delinquency rate is obtained by adjusting the actual

rate for year-by-year variation in FICO scores, loan-to-value ratios, debt-to-income ratios, missing debt-to-income

ratio dummies, cash-out re�nancing dummies, owner- occupation dummies, documentation levels, percentage of

loans with prepayment penalties, mortgage rates, margins, composition of mortgage contract types, origination

amounts, MSA house price appreciation since origination, change in state unemployment rate since origination, and

neighborhood median income."

Figure 7.2. Log of the output gap in the USA (left panel) and the UK (right panel)

Note: Data are from Eurostat for the UK and from FRED (St.Louis FED) for the USA. I construct the output gap

using the Hodrick-Prescott �lter with the smoothing parameter 1600.
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Figure 7.3. Histograms of delinquency rates for collateral of the RMBS issued in
the UK in 2009q3 for loans issued in the boom (left panel) and for loans issued in
the bust (right panel)

Note: The �gure shows histograms of the delinquency rates of the collateral for the RMBS, which are de�ned as

the amount of receivables that are 90 or more days past due divided by the original collateral balance (in %). The

source of the data is Moody's PDS database. The left panel shows the delinquency rate for the subset of RMBS

issued in the boom periods 2005q3-2008q1 and the right panel RMBS issued in recessions in periods 2001Q3-2003Q2

and 2004Q3-2005Q2.

| qht (iter)− qht (iter − 1) | + | qlt (iter)− qlt (iter − 1) |
+ | V ND (iter)− V ND (iter − 1) | + | V D (iter)− V D (iter − 1) | < ε.

During iteration at each point on the grid, it is evaluated whether the economy
is in a separating or pooling equilibrium. The values of (Γ1,Γ2,Γ3) out of the grid
are obtained by trilinear interpolation.
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