
Kuncl, Martin

Working Paper

Securitization under Asymmetric Information over the
Business Cycle

Bank of Canada Working Paper, No. 2015-9

Provided in Cooperation with:
Bank of Canada, Ottawa

Suggested Citation: Kuncl, Martin (2015) : Securitization under Asymmetric Information over the
Business Cycle, Bank of Canada Working Paper, No. 2015-9, Bank of Canada, Ottawa,
https://doi.org/10.34989/swp-2015-9

This Version is available at:
https://hdl.handle.net/10419/123753

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dürfen die Dokumente nicht für öffentliche oder kommerzielle
Zwecke vervielfältigen, öffentlich ausstellen, öffentlich zugänglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfügung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewährten Nutzungsrechte.

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.34989/swp-2015-9%0A
https://hdl.handle.net/10419/123753
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/


 

Working Paper/Document de travail 
2015-9 

Securitization under Asymmetric Information 
over the Business Cycle 

by Martin Kuncl 

 

 



 2 

Bank of Canada Working Paper 2015-9 

February 2015 

Securitization under Asymmetric Information 
over the Business Cycle 

by 

Martin Kuncl 

  Canadian Economic Analysis Department 
Bank of Canada 

Ottawa, Ontario, Canada K1A 0G9 
mkuncl@bankofcanada.ca 

Bank of Canada working papers are theoretical or empirical works-in-progress on subjects in 
economics and finance. The views expressed in this paper are those of the author. 

No responsibility for them should be attributed to the Bank of Canada. 
 

 ISSN 1701-9397 © 2015 Bank of Canada  
 



 ii 

Acknowledgements 

For helpful comments and suggestions, I would like to thank Sergey Slobodyan, Markus 
Brunnermeier, Byeongu Jeong, Nobuhiro Kiyotaki, Filip Matĕjka, Benjamin Moll, Kalin 
Nikolov, Frederic Malherbe, Olena Senyuta, Alexander Ueberfeldt and seminar 
participants at Princeton University Student Macro Workshop, XXI MBF Conference, 
6th RGS Doctoral Conference, 17th ICMAIF 2013, 5th IFABS Conference, 28th EEA 
Congress, Goethe University, European Central Bank, Econometric Society European 
Winter Meeting, Warwick Business School, Bank of England, Bank of Spain, CNMV, 
VU Amsterdam and Bank of Canada. Remaining errors are solely my own responsibility. 
Financial support of the Grant Agency of the Charles University (grant no. 638413), the 
Global Development Network (RRC 12+69) and the Czech Science Foundation Project 
No. P402/12/G097 DYME Dynamic Models in Economics is gratefully acknowledged.  



 iii 

Abstract 

This paper studies the efficiency of financial intermediation through securitization in a 
model with heterogeneous investment projects and asymmetric information about the 
quality of securitized assets. I show that when retaining part of the risk, the issuer of 
securitized assets may credibly signal its quality. However, in the boom stage of the 
business cycle this practice is inefficient, information on asset quality remains private, 
and lower-quality assets accumulate on balance sheets of financial intermediaries. This 
prolongs and deepens a subsequent recession with an intensity proportional to the length 
of the preceding boom. In recessions, the model also produces amplification of adverse 
selection problems on resale markets for securitized assets. These are especially severe 
after a prolonged boom period and when securitized high-quality assets are no longer 
traded. The model also suggests that improperly designed regulation requiring higher 
explicit risk retention may become counterproductive due to a negative general-
equilibrium effect; i.e., it may adversely affect both the quantity and the quality of 
investment in the economy. 

JEL classification: E, E3, E32, E44, G, G0, G01, G2, G20 
Bank classification: Business fluctuations and cycles; Economic models; Credit and 
credit aggregates; Financial markets; Financial stability; Financial system regulation 
and policies 

Résumé 

L’auteur étudie l’efficience de la titrisation comme moyen d’intermédiation financière à 
l’aide d’un modèle où sont formalisés des projets d’investissement hétérogènes et 
l’asymétrie de l’information sur la qualité des actifs titrisés. Il montre qu’en conservant 
une partie du risque, l’émetteur des actifs titrisés signale de manière crédible leur qualité. 
Toutefois, durant la phase d’expansion du cycle économique, cette pratique est 
inefficiente, l’information sur la qualité des actifs demeure privée, et des actifs de 
moindre qualité s’accumulent dans le bilan des intermédiaires financiers. Cela prolonge 
et accentue la récession qui s’installe ensuite avec une intensité proportionnelle à la 
longueur de la période d’expansion. Lors des récessions, le modèle produit une 
amplification des problèmes d’antisélection sur les marchés de la revente d’actifs titrisés. 
Ces problèmes sont particulièrement graves après une longue période d’expansion, et 
lorsque les actifs titrisés de grande qualité cessent de se négocier. Le modèle donne aussi 
à penser qu’une réglementation inadéquatement conçue, assortie d’exigences accrues en 
matière de conservation du risque, pourrait devenir contre-productive en raison d’un effet 
d’équilibre général néfaste; autrement dit, elle pourrait avoir des conséquences négatives 
sur les volumes et la qualité des investissements dans l’économie. 

Classification JEL : E, E3, E32, E44, G, G0, G01, G2, G20 
Classification de la Banque : Cycles et fluctuations économiques; Modèles économiques; 
Crédit et agrégats du crédit; Marchés financiers; Stabilité financière; Réglementation et 
politiques relatives au système financier 



Non-Technical Summary

Due to its role in the financial crisis of the late 2000s, securitization has recently at-

tracted a great deal of criticism. Most of the criticism points to various agency problems

that stem from the asymmetry of information about the quality of securitized assets

between the issuers and buyers. However, the design of securitized products contained

risk-retention tools that were supposed to limit these problems. I address the question

of whether the risk-retention tools worked efficiently in the period prior to the late-2000s

financial crisis.

This paper suggests that risk retention contributes to a reduction in the asymmetry

of information. However, in boom stages of the business cycle, including the period

prior to the late-2000s financial crisis, this practice is inefficient as information about

quality of securitized assets remains private and low-quality assets accumulate on bal-

ance sheets of financial intermediaries. The paper shows that this mechanism implies

deeper and longer recessions proportional to the length of the preceding boom period.

Those results are also relevant for the newly proposed regulations of securitization.

Since self-regulation by risk retention is not sufficient, more standardization and trans-

parency is necessary, especially in boom stages of the business cycle, to address the

problem of asymmetry of information.

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

recent financial crisis, since it replicates some of the securitization market outcomes ob-

served prior to and during the crisis. In the period preceding the crisis, many inefficient

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 financial crisis. To the best of my knowledge

existing models of securitization fail to produce those results in a rational-expectations

framework.
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1 Introduction

Securitization as well as the whole market-based system of financial intermediation

grew significantly in importance in the decades preceding the financial crisis of the

late 2000s (Adrian and Shin, 2009). However, due to its role in the financial crisis

(e.g., Bernanke, 2010), securitization has recently attracted a great deal of criticism.

New research focuses on the problematic aspects of securitization and is often very

critical. Consider Shleifer and Vishny (2010), who argue that it creates systemic risks

and inefficiencies in financial intermediation. Currently, the regulation of the financial

sector is being redrafted and strengthened on national as well as international levels in

many developed countries. The new regulation also addresses securitization practices.1

Most of the criticism points to various agency problems related to securitization

that stem from the asymmetry of information about the quality of securitized assets

between their issuers and buyers. However, these problems are not new, and various

tools, such as explicit or implicit guarantees by issuers (in other words, risk retention

by issuers), are used in the securitization process precisely to limit these problems.

The question that is addressed in this paper is whether these tools work efficiently in

the boom stage of the business cycle, i.e., in a period similar to the one preceding the

late-2000s financial crisis.

In this paper, I model financial intermediation through securitization in a dynamic

stochastic general-equilibrium model with heterogeneous investment opportunities and

an asymmetry of information about the distribution of those investment opportunities.

Following the empirical evidence in Bloom (2009) and Bloom et al. (2012), who find

that the second moments of firms’ total factor productivity (TFP) in the economy are

countercyclical, the relative cross-sectional difference in the productivity (productivity

dispersion) of investment projects in this model is also countercyclical. As a result,

due to asymmetry of information, in periods of low productivity and high productivity

dispersion, the economy is in a separating equilibrium, where only high-quality projects

are being financed. However, in periods of high productivity and low productivity

dispersion, the economy is in a pooling equilibrium, where both high- and low-quality

projects are being financed and information about their qualities remains private.

I investigate whether the use of the aforementioned risk-retention tools can change

the above result. In particular, I focus on the provision of the implicit guarantees by

1Pozsar et al. (2012) describe the role of securitization in shadow banking, and Adrian and Ashcraft
(2012) review the proposals for new regulation.
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issuers. An implicit guarantee (or recourse) is a non-contractual support provided by

issuers of securitized products to holders of these assets.2 This support is enforced in

a reputation equilibrium, where failing to provide implicit support may be followed by

punishment in the form of an inability to sell on the primary market for securitized

assets. The reason why implicit guarantees were frequently preferred to higher explicit

guarantees (such as tranche retention schemes) was mainly regulatory arbitrage. I show

that reputation concerns can allow originators of securitized products to credibly signal

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

metric information and improve the efficiency of financial intermediation. However,

there are limits to the size of a credible implicit guarantee based on reputation. In the

boom stage of the business cycle, where the difference in the productivities of projects

is sufficiently small, the separating equilibrium would require levels of implicit recourse

so high that they cannot be enforced through reputation.

Therefore, even though the provision of implicit guarantees increases the occurrence

of separating equilibria, in the boom stage of the business cycle there are still only pool-

ing equilibria, in which the information about the quality of loans remains private and

the allocation of investment is inefficient. This has only very moderate effects as long as

the economy stays in a boom, characterized by low productivity dispersion. However,

the effect of an accumulated stock of low-quality assets becomes more pronounced in

the subsequent downturn of the economy, which is thus deeper and longer. Also, the

longer the boom, the larger the share of lower-quality assets on balance sheets and the

deeper and longer will be the subsequent downturn.

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

and buyers of securitized assets on the resale market. The model then produces adverse

selection, which is amplified in a recession. The negative impact of the adverse selection

on the market price depends on the share of low-quality assets on the balance sheets of

financial intermediaries. Therefore, adverse selection is especially severe in a recession

following a prolonged boom period. When the price of securitized assets on the resale

markets falls enough, even firms in need of liquidity find it unprofitable to sell high-

quality assets for low market prices in order to finance new investment opportunities.

Ultimately, securitized assets of high quality are no longer traded on the resale markets.

In another extension of the model, I analyze regulatory policy implications. This

is a topical issue since, based on the already-mentioned critique of securitization, gov-

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 refer the reader to section 2.
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ernments and international organizations draft and pass new related regulations. An

example is the requirement of higher explicit risk retention for the originators (issuers)

of the securitized products in section 941 of the Dodd-Frank reform. In this paper, I

do not explicitly model the frictions that would rationalize such regulations; neverthe-

less, the model points to some new general-equilibrium effects of the regulations, which

suggests that the newly drafted regulations have limitations. In this model, when reg-

ulation limits the financial intermediation ability of the originator, the resulting lower

supply of loans increases the prices of securitized assets and makes securitization more

profitable. Also, the securitization of lower-quality loans is more profitable, which may

result in a lower average quality of securitized loans in the economy. This effect is

strongest when there is no tranching and the risk retention takes the form of a higher

fraction of issued loans on issuers’ balance sheets (equivalent to horizontal tranche re-

tention). However, if tranching is allowed, and the risk-retention requirement takes the

form of first-loss tranche retention by the originator, the positive signalling effect may

outweigh the above-mentioned general-equilibrium effect. This is especially true when

the related required capital retention for the originators is not substantially increased

due to the first-loss tranche retention.

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

recent financial crisis, since it replicates some of the securitization market outcomes

observed prior to and during the crisis. In the period preceding the crisis, many ineffi-

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 financial crisis. Also, during the crisis, the

markets for securitized products were severely strained. The paper also points to some

unexpected potential effects of the newly proposed regulation.

The paper is organized as follows. Section 2 reviews the related literature. Section 3

introduces the effects of the considered financial frictions in combination with the pro-

vision of implicit recourse. For analytical tractability, this section focuses on the steady

state with only idiosyncratic risk and in which the aggregate variables are determinis-

tic. Section 4 reports the results of the full-fledged model with aggregate risk obtained

using global numerical methods and focuses on the switching between the separating

and pooling equilibrium over the business cycle. Section 5 develops extensions of the

model. In particular, I discuss some policy implications of the model and introduce

adverse selection on resale markets. Section 6 offers some conclusions.
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2 Literature review

This paper is related to several strands of literature. In this section, I focus on re-

search related to securitization with implicit recourse and to financial intermediation

imperfections, information frictions and business cycles.

2.1 Securitization and implicit recourse

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

originator (often called the sponsor). The sale of loans is effectuated in a legally separate

entity called a special purpose vehicle (SPV) or special purpose entity (SPE). The entity

purchases the right to the cash flows with resources obtained by issuing securities in

the capital market. The sponsor and the SPV are “bankruptcy remote,” and the sale

of loans is officially considered to be complete; i.e., the sponsor should transfer all risks

to the buyers of the newly emitted securities. Loans are pooled in a portfolio that is

then usually divided into several tranches ordered by seniority, which have a different

exposure to risk. Before the recent financial 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

in the most senior tranches with high ratings. Due to the role securitization played

in the late-2000s financial crisis (e.g., Bernanke, 2010), it attracted a lot of criticism,

and the attention of researchers turned more to the set of agency problems present at

different stages of the securitization process (Shin, 2009). A detailed review of those

agency problems can be found in Paligorova (2009).

Gorton and Pennacchi (1995) were among the first to point to moral hazard problems

related to securitization and to address the issue of 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 the loan quality. Gorton and Pennacchi (1995) argue that, before the 1980s,

securitization was very limited. In the 1980s, several regulatory changes took place that

effectively increased the cost of deposit funding. One key factor was the introduction

of binding capital requirements for commercial banks.3 Banks could avoid increased

capital requirements by securitization, which moved some of the risky assets off their

3“In 1981 regulators announced explicit capital requirements for the first 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. 274).
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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; Acharya et al., 2013; and Gorton and Metrick, 2010). Calomiris and

Mason (2004) present some evidence suggesting that regulatory arbitrage is effectuated

by securitizing banks to increase the efficiency of contracting where capital requirements

are unreasonably high, rather than to abuse the safety net. The moral hazard and

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

loan on the balance sheet of the originator. Fender and Mitchell (2009) study different

tranche retention designs and their effect on incentives. However, any loan sale, partial

or complete, results in lower incentives to monitor the loan quality. One way to increase

the confidence of buyers of securitized assets and the related sale price, while avoiding

higher capital requirements, is the provision of implicit recourse.

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

products to the holders of these assets. They represent a guarantee of the quality of

the loan and implicit risk retention by the originator. Guarantees are deliberately not

explicit (i.e., non-contractual), to avoid the requirement of keeping additional capital

on originators’ balance sheets. This support materializes ex post (i.e., after the sale of

securitized assets), typically in periods of lower asset performance, when the originator

intervenes to increase the asset return. 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 buyers and originators of the securitized loans can be an equilibrium result in

a repeated game due to the reputation concerns of originators, who want to pursue se-

curitization in 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 different 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 receiv-

ables, increasing credit enhancement, and waiving servicing fees. Higgins and Mason

(2004) argue that implicit recourse increases sponsors’ stock prices in the short and the

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

They argue that recourse may help to signal to investors that shocks making recourse

necessary are only transitory.
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Another example showing that the risks were not fully transferred during securiti-

zation 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 between the

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. Acharya et al. (2013) study

explicit liquidity guarantees and argue that their large popularity was due to lower cap-

ital requirements compared to similar credit guarantees, strengthening the argument of

the regulatory arbitrage motivation of originators.

In this paper, I concentrate on the relationship between investors and banks, where

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

signalling tool. However, the efficiency of signalling varies over the business cycle.

2.2 Financial intermediation imperfections, information frictions,

and business cycles

This paper is related to the literature on financial frictions in macroeconomic models

and the role of asymmetric information and reputation in financial intermediation.

In the recent financial crisis, we witnessed important disruptions of financial in-

termediation. It became clear that frictions in the financial sector are important and

should not be omitted from macroeconomic models. The classic papers that endoge-

nize financial frictions on the side of borrowers include Bernanke and Gertler (1989),

Bernanke et al. (1999), and Kiyotaki and Moore (1997). These papers introduce an

agency problem between borrowers and lenders, which gives rise to collateral require-

ments and credit rationing. The resulting endogenous amplification of the effects of

the shocks in the economy is known as the “financial accelerator.” Some of the recent

macroeconomic models with financial frictions directly incorporate securitization. For

example, Brunnermeier and Sannikov (2014) find that securitization enables the sharing

of idiosyncratic risks, but may amplify systemic risk.

In this paper, I refer often to the Kiyotaki and Moore (2012) model of a monetary

economy with differences in liquidity among different asset classes. Their model fea-

tures borrowing and resaleability constraints and the stochastic uninsurable arrival of

idiosyncratic investment shocks among market participants. I simplify this model, and

in order to study the financial intermediation similar to securitization, I introduce asym-
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metric information and model signalling by the provision of reputation-based implicit

recourse.

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

based on asymmetric information, expanding the original contribution of Akerlof (1970).

In Parlour and Plantin (2008), the intensity of adverse selection on the markets for se-

curitized 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 se-

lection problem in an extension of Kiyotaki and Moore (2012) and shows that the pro-

portion 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 “financial accel-

erator,” may not be monotonic. In particular, in states with 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 et al. (2009) show that asymmetric information about counterparty risk can

produce market breakdowns. Boissay et al. (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 find similar results: the

liquidity problems on the securitization markets are more severe in recessions especially

after a prolonged boom period.

One of the major assumptions in the model is the existence of a productivity dis-

persion shock, which is inspired by the empirical evidence on countercyclical, cross-

sectional variance in the TFP of U.S. firms in Bloom (2009) and Bloom et al. (2012).

These authors also build models that assume a time-varying variance of idiosyncratic

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

a similar assumption and shows that a dispersion shock due to the existence of asym-

metric information will worsen the adverse selection problem and lead to a recession.

Compared to Bigio (2013), my model features reputation-based signalling, which is

more effective when the dispersion is larger.

In this paper, the quality of investment allocation decreases during the boom stage

of the business cycle. There are various papers that deal with the evolution of bank

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

(2006) document how bank lending standards in the United States deteriorated during

9



the boom stage of the business cycle. In theoretical models with asymmetric informa-

tion about the quality of borrowers and 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 re-

quire 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 during booms, which is similar to the outcome of this paper.

However, in my model, the asymmetric information exists among financial firms trad-

ing securitized loans, and the adverse selection can be alleviated by reputation-based

signalling. Also unlike the mentioned models, my model is fully dynamic and better

suited to study the time dimension of asymmetric information-related effects.

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

borrower relationships. Nikolov (2012) introduces reputation to 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 amplification mechanism. Ordoñez (2014) argues that unregulated banking

disciplined only by reputation forces may be efficient due to the saving on regulatory

and bankruptcy costs, but is more fragile. Chari et al. (2014) present a model where

originators can differentiate themselves from others by keeping a larger fraction of their

loan portfolio on the balance sheet. Pooling equilibria with adverse selection in which

it is too costly for high-quality banks to separate are persistent and characterized by

higher trade volumes.

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

the business cycle. While some researchers, (e.g., Veldkamp, 2005) argue that booms

are associated with a higher degree of trading and therefore more learning, others argue

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

(2014) present a model where assets with an unknown value can serve as collateral for

borrowing. In booms, none of the parties has the incentive to verify the value of an

asset, and the economy saves on information acquisition costs and enjoys a “blissful

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 inefficiencies.
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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 financial firms that have stochastic heterogeneous

investment opportunities. As a result, there is a need for financial intermediation in the

model. Optimally, firms would want to transfer resources from firms without investment

opportunities or with low-quality investment opportunities to firms with high-quality

investment opportunities. The transfer of funds is possible through securitization, which

is modelled as a sale of cash flows from the funded projects.4 Financial intermediation

is subject to frictions such as asymmetric information about distribution of investment

opportunities, which makes it less efficient in the boom stage of the business cycle.

3.1 Model set-up

In this section I first describe the physical environment and specify the frictions in the

model. Then I define the optimization problem of financial firms. Finally, I close the

model by clearing both goods and asset markets.

3.1.1 Investment projects

There are three types of projects available to financial firms, and the allocation of firms

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

• (1− π) share of firms (subset Zt) do not have access to new investment projects;

• πµ share of firms (subset Ht) have access to high-quality projects with high gross

profit per unit of capital rht = AhtK
α−1
t ; and

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

gross profit per unit of capital rlt = AltK
α−1
t .

The realization of this shock cannot be insured by ex ante contracts.

4To keep the model simple, I do not model any alternative means of transferring funds such as
debt. Elsewhere, I present an extension of this model, where different types of debt, such as deposits
or interbank loans, are considered and replicate the main qualitative results of this paper (Kuncl,
2013).
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Assumption 1: I assume that the relative difference in gross profits from high-

and low-quality projects is countercyclical:

∂

∂At

Aht − Alt
Alt

< 0, (3.1)

where At is the aggregate component of TFP. In other words, I assume that there is a

dispersion shock perfectly negatively correlated with the productivity shock.

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

sectional variance in the TFP of U.S. firms 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-specific

component, ∆h
t and ∆l

t, respectively: Aht = At∆
h
t and Alt = At∆

l
t. To satisfy the as-

sumption in (3.1), the ratio of type-specific TFP components has to be countercyclical,

∂
(

∆h
t /∆

l
t

)

/∂At < 0.

Some of the basic features of the model are inspired by Kiyotaki and Moore (2012).

Similar to Kiyotaki and Moore (2012), financial firms are subject to an i.i.d. investment

shock and face constant returns to scale, i.e., they take rht and rlt 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 present in the model:

• Investing firms, which sell securitized loans, have to satisfy the “skin in the

game” constraint (hereafter SGC), i.e., they have to keep at least a (1− θ)-

fraction of the investment on their balance sheet. This means they can sell at

most a fraction θ of the current investment and the rest has to be financed from

5Motivated by the empirical evidence, Bloom (2009) and Bloom et al. (2012) construct models that
assume time-varying second moments of idiosyncratic TFP shocks and show that a higher variance
can cause a recession. This can be reinterpreted in a simpler setting as a negative correlation between
productivity and dispersion shocks.

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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their own resources. For simplicity, θ is taken throughout most of the paper as a

parameter. However, in section 5 this friction is endogenized by the existence of

a moral hazard problem.

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

of investment opportunities among firms. Each firm knows the type of project

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

projects among other firms.

The second friction is motivated by a certain opacity of securitized assets and by the

aforementioned criticism of securitization, which takes the asymmetric information as

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

The first friction can also be observed in reality. But the main reason for having it in

this otherwise simple model is that despite the competition among financial firms, a

binding SGC increases equilibrium prices above the costs of investment and, therefore,

makes the securitization process profitable. Only when securitization is profitable does

a reputation equilibrium with implicit recourse exist. As I explain later, when a firm

defaults on the implicit recourse, it suffers a punishment by other firms, which will stop

buying securitized assets from it.7 And this represents a loss for the firm only when

securitization is profitable.

3.1.3 Firms’ problem

Each financial firm (indexed by i) chooses the control variables {ci,t+s, xi,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 its

future consumption stream:
∞
∑

s=0

βsu (ci,t+s) ,

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

ci,t + xi,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.

7 I assume that it is possible to commit to not buy securitized assets from a particular firm and
show that such a commitment can be credible; i.e., even ex post it would be optimal to stick to
the punishment rule. In other words, the punishment is renegotiation-proof under certain conditions.
However, I assume that it is not possible to prevent a particular firm from buying securitized assets
from others; i.e., a threat of complete autarky is not possible. I believe that also, in reality, it is easier
to commit not to buy assets from particular issuers rather than forbid them to buy securitized assets.
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All firms face the SGC and information asymmetry constraint and firms with no

investment opportunity face an additional constraint xi,t = 0 ∀i ∈ Zt.

This constrained maximization problem describes the following options of firms. The

resources of firms consist of stochastic gross profits from projects financed 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 originate

new projects at unitary costs xi,t.
8 I denote the subset of firms that decide to invest,

i.e., originate new projects (issue new loans), as It. Firms can also buy securitized cash

flows from projects, newly originated by other firms, on the primary market {ai,j,t+1}j
for prices {qj,t}j, or buy securitized cash flows from older projects of known high(low)

quality on the secondary (resale) market hSi,t+1

(

lSi,t+1

)

for price qht
(

qlt
)

. The j ∈ It

subscript denotes originating firms, and superscripts h, l denote the known quality of

the traded asset. Originating firms can securitize and sell cash flows from the new

projects. If they sell a part of their investment,9 they can provide implicit recourse to

buyers of these newly securitized assets in the form of a promise for minimum gross

profit 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 sold asset. The following period, after

the realization of the aggregate shock, each firm can decide whether to default on the

implicit recourse from the previous period, which is represented by χt+1.
10 If a firm

honors the implicit recourse, it has to spend part of its resources covering related costs

ciri,t. Details on the cost of implicit recourse and the choice of default are discussed

in section 3.2.4. The timing of shocks and the choice of controls by firms within each

period are shown in Figure 3.1.

Note that since profits (cash flows) are observed and ∆h,∆l, and At are public

information, the uncertainty about the quality of financed projects is resolved at the

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

particular equilibrium, the quality of assets traded on the primary market may be either

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

9The amount of new loans kept on the balance sheet is the difference between investment xt and
the next-period holdings of assets of firm i issued by firm i: ai,i,t+1, while xt − ai,i,t+1 ≧ 0.

10χt+1 takes the value of 1 in the case of no default and 0 in the case of default.
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public or private information, and when these assets are traded in the next period on the

resale market their quality is already public information. Therefore, we can collapse all

assets issued 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 resale 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 qualities of projects 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.12

Since utility is logarithmic and budget constraints are linear in individual holdings
of assets, the policy functions will also be linear in the individual holdings of wealth.
Due to logarithmic utility, all firms will always consume a constant fraction of their
current wealth (for derivations see Appendix B):

ci,t = (1− β)





∑

j∈It−1

ai,j,t

(

ˆrGj,t + λqj,t

)

+ hS
i,t

(

rht + λqht
)

+ lSi,t
(

rlt + λqlt
)



 ∀i, ∀t.

Linear policy functions and i.i.d. investment opportunities enable a straightforward

aggregation. 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

firms (Σ); therefore, we do not have to keep track of it.

3.1.4 Goods and asset markets

The model features a market for consumption goods and for capital goods (securitized

cash flows from projects). In every period all projects generate gross profits in the form

of consumption goods. Consumption goods must be either consumed or converted into

capital goods by investing in new projects. The goods market clears when all current

11Later, in an extension of this model, I relax this assumption and introduce asymmetric information
on resale markets.

12In a related paper, Kuncl (2014) allows for infinite-horizon implicit guarantees, with the result
that public information about the quality of assets traded on the secondary market is persistently
unavailable. As a result, Kuncl (2014) presents a richer dynamics of adverse selection on resale markets,
though the model is also more complex.
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Figure 3.1. Timing of shocks and the choice of a firm’s controls within each period

Trading of assetsImplicit recourse is paid or

defaulted upon

Projects generate

profits

Aggregate

productivity shock

Beginning of

period

End of periodConsumption, investment and next

period implicit recourse is chosen

i.i.d. investment shock

output Yt is consumed or invested: Yt = Ct +Xt.

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 does not depend on the type of equilibrium. As derived in

Appendix B, the conditions for the clearing of asset markets come from the first-order

conditions (FOC) of firms, which buy on asset markets (subset St), and which I call

saving firms 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 firms will be

indifferent between holding different assets.

Asset markets clear when prices satisfy the FOC of the saving firms with respect to

portfolio allocation:

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

of projects) is Kt+1 = λKt +Xt.
13

3.2 Model solution in special cases

To provide intuition for the results of this paper, this section explicitly derives a solution

of the model analytically in the steady state, i.e., when aggregate productivity is fixed

13 Similar laws hold for both types of capital (low quality and high quality): Ht+1 = λHt +
Xh

t , Lt+1 = λLt + X l
t . As in 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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(At = A), while idiosyncratic shocks still take place. In section 4, I report numerical

results from the fully stochastic case.

To demonstrate the effect of the core frictions in the model, I first briefly show the

behavior and solution of the model without frictions, and then I successively introduce

a binding “skin in the game” constraint and the asymmetric information. I show that

when the SGC is binding, a reputation equilibrium exists, where implicit recourse can

be provided. Consequently, I show the solution of the model in the case of interest, i.e.,

where both frictions hold and the provided implicit recourse can signal the quality of

securitized assets.

3.2.1 Case with no financial frictions: first-best

If neither of the two frictions is present—i.e., project allocation is public information

and the SGC is not binding—in equilibrium only firms with high-quality investment op-

portunities will invest, securitize loans, and sell them to firms with low or unproductive

investment opportunities (see Figure 3.2). Since there is no asymmetric information

and only high-quality projects are being financed, 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 firms with different investment opportunities are

ci,t + xi,t + (hi,t+1 − xi,t) q
h
t = 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 firms with high-quality investment opportunities,

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

qh = 1.

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

tion, and the law of motion for capital, we obtain14:

rh + λ =
1

β
. (3.2)

The current period gross profit per unit of invested capital plus the value of non-

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

14For details see Appendix A.1.
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Figure 3.2. Case without frictions: First-best case
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Note: In the first-best case, only firms with access to projects with high profit per unit of capital invest, and they sell

some of these projects to the remaining firms.

ment is indeed first-best.

3.2.2 Introducing the “skin in the game” constraint (SGC)

In this section, I show that a binding SGC (θ fraction of new loans that at most can

be sold) increases the equilibrium prices above the replacement rate, which makes se-

curitization profitable. As noted above, only when securitization is profitable can a

reputation equilibrium exist. The SGC is also a common practice observed in secu-

ritization contracts in the form of tranche retention schemes.15 This constraint can

be motivated and endogenized by a moral hazard problem, which is derived in section

5. Section 5 also discusses some potential policy implications when making θ a policy

parameter. In this section, I assume for simplicity a constant θ.

By lowering θ, we limit the capacity of firms with access to high-quality projects to

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

ments at the zero-profit price qh = 1, the SGC becomes binding, and the price has to

increase above the unit costs of investment to clear the market. Securitization becomes

profitable.

If the SGC is binding for firms with access to high-quality projects, i.e., their hold-

ings of newly issued assets represent a (1− θ) share of their investment hi,t+1 = ai,i,t+1 =

15For simplicity, I do not model the existence of different tranches. The “skin in the game” constraint
is analogous to keeping a “vertical slice” of all tranches.
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(1− θ) xi,t ∀i ∈ Ht
16, we can rewrite their budget constraint as

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 find the level of

investment of the constrained firm with access to high-quality projects:

xhi,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 A.2 shows, we can obtain the following proposition.

Proposition 1. If “skin in the game” is sufficiently large to be binding, i.e., θ is suffi-

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 first-best case.

The above proposition is analogous 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, the deterministic steady state is characterized by one of the following

cases:

Case H: Only firms 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);

Case B: All firms with access to high- and low-quality projects issue credit and

securitize (ql > 1).

16I show below that for a subset of parameters, firms with access to low-quality projects will also
optimally choose to invest and securitize 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) xl

i,t ∀i ∈ Lt.
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Figure 3.3. Type of deterministic steady state depending on selected parameter values
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The above cases are ranked from the least restricted (ql < 1), where output and

capital levels are relatively the closest to the first-best case, to the most restricted

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

YFB > YH > YM > YB,

KFB > KH > KM > KB.

Here subscript FB denotes the first-best case, and subscript H, M and B denote the

above described cases.

Proofs of the above propositions are in the appendices (A.2 and A.3).

Figure 3.3 shows the effect of selected parameter values on the type of steady state.

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

unrestricted first-best case to more restricted cases. The right panel shows that lowering

the difference in the productivity of the two types makes it more likely that low-quality

projects are financed in the steady state.

3.2.3 Introducing asymmetric information

In this section, I describe the consequences of introducing asymmetric information about

the allocation of investment opportunities among firms on the model solution. I focus

on the effect of asymmetric information between issuers of securitized assets and their

first buyers.17

17 In this benchmark version of the model I assume that past projects are not anonymous; therefore,
the quality of all existing projects becomes public information in the period following their securiti-
zation. Consequently, there is no adverse selection on resale markets. In an extension of this model
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Unless the difference in qualities is large enough, firms with access to low-quality

projects mimic firms with access to high-quality projects. Since it is not possible to

distinguish between the projects, saving firms, which want to diversify their portfolio,

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 efficient (more in favor of low-quality projects); therefore, capital is less

productive and the steady-state amount of capital and output is lower.

For a proof see Appendix A.4.

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

difference in quality is large enough. The firm with low-quality investment opportunities

will avoid mimicking firms with high-quality investment opportunities 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 A.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 high and low productivity does not satisfy (3.5), the resulting pooling

equilibrium will be less efficient than the public information case. The separation

condition can 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.

Note also that tightening the SGC, i.e., lowering θ, will only increase the lower

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

(section 5.3), I relax this assumption and show that asymmetric information on resale markets can
lead to market shutdowns similar to Kurlat (2013). Kuncl (2014) focuses on the interaction of adverse
selection on the resale markets and the provision and default on infinite-horizon implicit recourse.
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more likely. This result is driven by the general-equilibrium effect. A lower θ increases

the prices in the economy and, therefore, makes mimicking more profitable.

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

lowering θ, makes a pooling equilibrium in which firms with low-quality investment

opportunities mimic firms 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 the private information case is generally

inefficient compared to the public information case. Firms with high-quality investment

opportunities have incentives to distinguish themselves from low-quality investment

firms. However, under Proposition 4, we can see that retaining higher “skin in the

game” does not lead to a separating equilibrium.

Signalling would be more efficient if originators could keep more risk from the in-

vestment on their balance sheets without restricting their investment capacity. This

could be achieved either by tranching and first-loss tranche retention by the originator

(explicit risk retention) or by the provision of implicit recourse by the originator (im-

plicit risk retention). In the real world, explicit risk retention would typically lead to

higher capital requirements and would thus restrict the investment potential of origi-

nators, while implicit risk retention was popular precisely for the potential to arbitrage

regulation. While in this simple model I do not model capital requirements regulation

or the reasons for it, I focus my analysis on the efficiency of implicit recourse.

It turns out that by providing implicit recourse, a firm with high-quality invest-

ment opportunities can distinguish itself without restricting its investment potential.

Under this strategy, the issuing firm promises a minimum gross profit per unit of in-

vested capital rGt to the buyers of securitized loans. Should the actual gross profits

in the following period fall below this minimum, the issuing firm would reimburse the

difference. This promise is not enforced by any explicit contract; rather, it is the result

of collusion between issuers of loans and their buyers. Implicit recourse can be credi-

ble in a reputation equilibrium, where securitizing firms aim to keep their reputation

of sticking to the promise, and firms buying securitized projects enforce this promise

by punishing the issuing firms in case of default on the implicit recourse. I assume a

trigger punishment strategy that prevents a firm without a reputation of honoring im-

plicit recourse from selling securitized assets on the market. The punishment has to be

credible; therefore, in this reputation equilibrium, buyers of securitized products with

22



implicit support aim to keep the reputation of being “tough investors,” i.e., a reputation

of always punishing firms that did not fulfill their promise.
At this point, it is convenient to write the problem recursively:

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,x,

{

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,x,

{

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 firm 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 firm 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, firms 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 in new projects, the securitization of their cash

flows, the fraction of the new investment that is sold, and the implicit recourse they

provide.18 This problem is described by equations (3.9) and (3.10) for firms with a

reputation for having never defaulted on implicit recourse and for firms without this

reputation, respectively.

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

for investing firms for which the “skin in the game” constraint is binding (e.g., in the

case where firms have high-quality investment opportunities):

ci,t +

(

1− θqGi,t
)

(1− θ)
hi,t+1 + ciri,t =

∑

j∈It−1

ai,j,t

(

ˆrGj,t + λqj,t

)

+ hS
i,t(r

h
t + λqht ) + lSi,t(r

l
t + λqlt) ∀i ∈ Ht,

18Recall that the timing of shocks and the choice of controls by firms within each period are shown
in Figure 3.1.
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where the price of securitized loans issued by firm j, qGj,t, depends on the information

structure, i.e., on the beliefs of buyers about the type of sold asset ϕj,t | r
G
j,t. When the

“skin in the game” is binding, the costs of implicit recourse are given by

ciri,t+1 = θxi,t
(

rGi,t − rkt
)

∀i /∈ St, k ∈ {h, l} .

The incentive-compatible constraints (ICCs), which have to be satisfied in equilib-

rium for the existence of reputation-based implicit recourse, are

V ND
(

s̄′, w′ − cir′; S̄ ′
)

≥ V D
(

s̄′, w′; S̄ ′
)

, (3.11)

for the current originators of securitized assets (subset It), and

V P
(

s̄′; S̄ ′
)

≥ V NP
(

s̄′; S̄ ′
)

, (3.12)

for the current buyers of securitized assets (subset St). V
P , V NP are the value functions

for the firm that has always punished for default on implicit recourse, and for the firm

that failed to punish for default and suffers the negative consequences, respectively.

Condition 3.11 determines the level of implicit recourse that can be credibly pro-

vided; i.e., it is not defaulted upon, given the trigger strategy punishment rule. The

trigger punishment strategy has to be credible. Therefore, the saving firm that observes

default on implicit recourse has to be ex post better off punishing the investing firm

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

Definition 1. A recursive competitive equilibrium consists of prices {qh
(

S̄
)

, ql
(

S̄
)

,
{

qGj
(

S̄
)}

j
} and gross profits per unit of capital

{

rh
(

S̄
)

, rl
(

S̄
)}

, individual decision

rules {c
(

s̄; S̄
)

,x
(

s̄; S̄
)

, hS′
(

s̄; S̄
)

, lS′
(

s̄; S̄
)

, rG′
(

s̄; S̄
)

,
{

a′j
(

s̄, rGj , ϕj | r
G
j ; 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 firm’s problems taking prices, gross profits per unit of capital,

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

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

firm’s decisions.

19I show that this condition holds in Appendix A.6.
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3.2.5 Public information case with implicit recourse

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

portant benchmark. If originating firms could coordinate, they would not be providing

implicit recourse in the case, when it does not serve as a tool that would distinguish

the firm type. However, due to competition, firms tend to outbet each other.

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

determined by the following FOC (note that the individual firm ignores the effects of

this choice on aggregate variables):

∂V ND

∂rG
=

∂V ND′

∂ (w′ − cir′)

∂ (w′ − cir′)

∂rG
= 0.

I show in Appendix A.7 that this condition implies that qj = 1, which means that as

far as there are positive profits from securitization, the competition will drive the level

of implicit recourse so high that profits from securitization are zero. However, when

profits from securitization are zero, the punishment has zero costs, and the original

non-defaulting ICC (3.11) is not satisfied. This leads us to the following conclusion.

Proposition 5. As long as the implicit recourse is credible, firms find it optimal to

increase it up to the level where qj = 1. So the level of implicit recourse is defined by

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

For details on the derivation, see Appendix A.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 firms 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 firms 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 firms with access to high- and low-quality projects issue credit, securitize,

and provide implicit recourse rGh,cred and rGl,cred, respectively (qh > 1, ql > 1, rGh,cred ≥ rh,

rGl,cred ≥ rl).
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Note that rGk,cred is the maximum implicit recourse that can be credibly provided by

firms with a 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 firms with investment

opportunities. This holds unless the provided implicit recourse has no value (rGh,cred =

rh), and therefore the result is identical to the case without implicit recourse.

3.3 Case of interest: Implicit recourse as a signal of loan quality

In this section, I analyze the case of interest, where the SGC is binding, there is asym-

metric information about the distribution of firms to investment opportunities, and

implicit recourse can signal the type of investment opportunity.

As proven in section 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 firms (subset It) sell securitized cash flows from

newly financed projects and provide implicit recourse rGj,t+1 ∈ (0,∞). The fact that a

particular firm sells securitized cash flows and provides rGj,t+1 is the message that this

firm is sending to potential buyers of its securitized cash flows. Saving firms (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 conditioned on observing messages

that are not sent in equilibrium), there is a multiplicity of perfect Bayesian equilibria

(PBE), generally both pooling and separating. I use the intuitive criterion (Cho and

Kreps, 1987) as a refinement to eliminate the dominated equilibria with unreasonable

out-of-equilibrium beliefs. As a result, when at least one separating PBE exists, after

the application of intuitive criterion, we eliminate all except one unique separating

equilibrium. When no separating PBE exists, the economy is in a pooling equilibrium.

So in the dynamic version, when state variables change, the economy may be switching

between a pooling and a separating equilibrium.
Pooling equilibria: In pooling equilibria, both firms with access to high- and low-

quality investment opportunities choose to provide the same level of implicit recourse
given the beliefs of investors (see Figure 3.8). They both provide rG∗ with probability
1. Saving firms observe this message and use Bayes’ rule to compute the posterior
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assessment that messages are sent by each type:

ϕ
(

j ∈ Ht | r
G
j = rG∗

)

=
ϕ (j ∈ Ht) · 1

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

µπ

µπ + (1− µ)π
= µ.

Absent aggregate risk, there are several candidates for the pooling PBE:

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

ability 1: rG∗ = rGl,cred,p, where rGl,cred,p is the maximum implicit recourse that can be pro-

vided by firms with low-quality assets under pooling. Saving firms’ out-of-equilibrium

beliefs that sustain this equilibrium can be the following: ϕ
(

j ∈ Ht | r
G
l,cred,p < rGj < rGh,cred,s

)

=

0 and unrestricted for intervals 0 < rGj < rGl,cred,p, and rGj > rGh,cred,s.
20 In this equilib-

rium, no firm defaults on implicit guarantees. None of the firms have the incentive to

unilaterally 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 fulfill the implicit recourse in

this interval.

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

such that:

rGlb,p ≤ rG∗ ≤ min
(

rGminsep, r
G
h,cred,p

)

.

Saving firms’ out-of-equilibrium beliefs that sustain this equilibrium can be the fol-

lowing: ϕ
(

j ∈ Ht | r
G∗ < 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 A.9). rGlb,p is the lower bound

on rG, where firms with high-quality investments do not have incentives to deviate to

rGl,cred,p. For rG such that rGl,cred,p < rG < rGlb,p, both types have incentives to decrease

implicit recourse to rGj = rGl,cred,p, since equilibrium defaults on the implicit recourse of

firms with low investment, which bring investors lower utility than when rG = rGl,cred,p.

This negative effect on price, together with potentially higher costs of higher implicit

recourse (when rG > rh), outweighs the positive effect of higher implicit recourse on

the price.

Separating equilibria: There is potentially a continuum of separating equilibria,

where firms with access to low-quality projects save and buy securitized assets from

20rGh,cred,s is the maximum level of implicit recourse that can be promised credibly by a firm with
high-quality investment opportunities in a separating equilibrium (see below).
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Figure 3.4. The case where the intuitive criterion selects a unique separating equilibrium
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POOLING EQUILIBRIA

SEPARATING EQUILIBRIA

firms with access to high-quality projects (see Figure 3.7). 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 mim-

icking by firms with low investment opportunities. Saving firms observe this message

and use Bayes’ rule to compute the posterior probability that the 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 firms’ out-of-equilibrium beliefs that sustain this equilibrium can be the fol-

lowing: ϕ
(

j ∈ Ht | r
G∗ < 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 (Cho and

Kreps, 1987). In particular, due to competition among firms with access to high-quality

investments, the intuitive criterion selects only one separating equilibrium, where firms

with access to high-quality investments invest, securitize, and provide the maximum

credible implicit recourse rG∗ = rGh,cred,s.
21 When there are multiple separating PBE,

after applying the intuitive criterion, we eliminate all dominated equilibria with un-

reasonable out-of-equilibrium beliefs and obtain a unique separating equilibrium. In

a case where no separating PBE exists, application of the intuitive criterion does not

affect the potential multiplicity pooling equilibria. Below, I derive conditions for the

uniqueness of pooling equilibrium.

The condition for the existence of a separating equilibrium:

Thanks to Proposition 5, we know that firms have incentives to unilaterally in-

crease the provided implicit recourse up to the maximum credible level. But then, if

low-quality firms are already at the maximum credible level, where the costs of default-

21This case is shown in Figure 3.4.
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Figure 3.5. The case where there is no separating equilibrium
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Figure 3.6. The case with unique pooling equilibrium

0

UNIQUE POOLING EQUILIBRIUM

ing and keeping the implicit recourse are equalized, they are better off if they increase

the implicit recourse without increasing the costs further, but potentially benefit from

being mistaken for a firm with access to high-quality projects. Therefore, no separat-

ing equilibrium can exist in which firms with low-quality investment would provide a

different level of implicit recourse. Firms with low-quality investments always prefer to

mimic firms with high-quality investments rather than provide a lower implicit recourse

and disclose their quality.

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

large that investing in 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 findings 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 guarantee.

This implies that separating equilibrium:
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(i) exists if and only if the level of aggregate productivity does not exceed the threshold

level Ã;

(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, firms with low-quality investment projects save and buy

securitized assets from firms with high investment opportunities.

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

condition 3.13.22 Point (i) comes directly from Assumption 1 about the countercyclical

relative difference of cash flows from projects of different quality. Since the ratio of TFP

on the left-hand side (LHS) of (3.14) increases with aggregate TFP A, the mentioned

threshold is defined as ∆h
(

Ã
)

/∆l
(

Ã
)

= (1− θB) qh/
(

1− θBqh
)

.

Crucially, as I show in Appendix A.8, in a separating steady state, both qh and B

and, therefore, the whole right-hand side (RHS) of (3.14) are independent of the steady-

state level 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

satisfied.23

Uniqueness of pooling equilibrium:

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

pooling equilibria (see Figure 3.5). However, it turns out that for a large subset of

parameter space, there is only one pooling equilibrium with rG∗ = rGl,cred,p, independent

of a specific type of out-of-equilibrium beliefs (see Figure 3.6). I calibrate the model to

have only one pooling equilibrium. The advantage of this calibration is that punishment

22See Appendix A.8 for the derivation.
23The proof is in Appendix A.8.
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Figure 3.7. A private information case with implicit recourse: separating equilibrium
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Note: In the separating equilibrium, the implicit recourse provided by the firms with access to high-quality projects is

high enough, so that it is not profitable for firms with access to low-quality projects to mimic them. They are better off

buying high-quality projects.

Figure 3.8. A private information case with implicit recourse: pooling equilibrium
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Note: In the pooling equilibrium, both firms with access to high-quality projects and firms with access to low-quality

projects provide the same level of implicit recourse. They are indistinguishable, and, therefore, both types of firm invest

in projects and sell them to firms with no investment opportunities.
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is never triggered in equilibrium. It still provides the disciplining role, but the dynamic

results are not influenced by the exercise of a particular punishment rule.24

To obtain such an equilibrium, I have to find parameter values such that rGlb,p >

rGh,cred,p; i.e., the minimum level of implicit recourse for which it pays off 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 satisfied for a low enough share of high-quality

investment opportunities, µ, and a high enough difference in type-specific TFP in a

pooling equilibrium:

µ <
1− θql

qh − θql
.

For details see Appendix A.9.

4 Dynamics and numerical examples

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

asymmetric information, binding SGC and implicit recourse. The allocation of projects

to firms is still driven by an i.i.d. shock. The aggregate productivity for simplicity

follows a two-state Markov chain At ∈
(

AH , AL
)

25 with a transition matrix P = [p, 1−

p; 1− p, p].26

When analyzing the dynamic properties of the model, I focus on the switching be-

tween the separating and the pooling equilibrium 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 At = AH , a separating equilibrium is no

longer sustainable. The economy is in the pooling equilibrium, where both types of

firms provide the same level of implicit support and both invest in new projects. This

follows directly from Proposition 8. The intuition behind the result is the following.

As the aggregate productivity increases, the relative difference in productivity of the

two non-zero profit 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

24 Kuncl (2014) generalizes this model and contains economy-wide defaults on the implicit recourse
in a deep recession. But even in this case the punishment is not triggered, since it stops being
renegotiation-proof.

25Note that the capital superscripts H,L refer to the aggregate state of the economy and not to the
type of investment opportunity.

26The 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.
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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 parameters for α = 0.4, β = 0.99, and π = 0.05. The persistence

parameter for the productivity process is p = 0.86.27 Parameters AH , AL are chosen

to match the annual standard deviation of GDP in the United States, which is 2.8%.28

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 efficiency of

securitization—subprime residential mortgage-backed securities issued (RMBS) in the

United States: µ = 0.63, ∆l
(

AH
)

/∆h
(

AH
)

= 0.94 and ∆l
(

AL
)

/∆h
(

AL
)

= 0.71.29

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

RMBS of 54.5 months (Centorelli and Peristiani, 2012). And finally 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.

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

approximation method.30 In particular, I find the price and the value functions by

iterating them on the grid of state variables until convergence.31

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 pe-

riods in a state with low aggregate TFP. Then the productivity shocks are switched off

and the economy converges to the steady state.32 The point of this exercise is to show

the switch from separating equilibrium to pooling and back and its effects on output.

27This corresponds to an autocorrelation of TFP shocks at the quarterly frequency of 0.95.
28A similar approach is used in Nikolov (2012).
29For details see Appendix C.
30See, e.g., Judd (1998) for the description of global numerical methods and their distinction from

local numerical methods.
31Details are in Appendix D.
32In this case with a Markov chain for aggregate productivity, the steady-state productivity is defined

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 are set to 50%.
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Figure 4.1. Impulse responses
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For comparison on the graph, I report impulse responses33 of the constrained model un-

der private information, with binding “skin in the game” and with an implicit recourse

provision, as well as an unconstrained and efficient first-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 first-best and the constrained cases start at the same point, the first-best case

is characterized by higher absolute levels of steady-state output and capital.

The figure shows that, as the constrained economy moves to the boom stage of the

business cycle, the equilibrium type changes from separating to pooling; i.e., the share

of high-quality projects (ω) decreases, while ω remains constant in the first-best case at

100%. The lower share of high-quality projects in the constrained case slows the growth

of output slightly, as well as the accumulation of capital already in the boom, but the

effect is small, since in the boom stage the difference in the two qualities is rather small.

However, the inefficiency in the allocation of capital continues to accumulate. As the

economy exogenously moves to a recession with a higher difference in qualities, one can

see that the accumulated inefficiency in the allocation of capital is more pronounced.

Therefore, booms have almost the same relative size in a constrained and first-best case,

but busts that follow a boom stage are much deeper in a constrained case.

33The 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. 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
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Figure 4.2 shows 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 difference in the depth of a recession is compared to the first-best case

(a recession gap). This result follows directly from the above described property of the

model, i.e., the existence of pooling equilibrium in the boom.

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 section, I will sketch a simple moral

hazard problem, which rationalizes the existence of this constraint.

Consider that firms can divert funds from the sale of current period loans needed

to cover the unit investment costs. This cannot be immediately verified. To eliminate

this problem, investors require the issuing firms to retain sufficiently large “skin in the

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

resources. The ICC then determines a sufficiently high θ that would prevent this moral
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hazard problem34:

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

where the 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 more “skin in the game” (1− θ) is

required to prevent the stated moral hazard problem.

Note that, in this version of the model, I have two sources of asymmetric information.

The first is the potential diversion of resources needed to invest properly, which cannot

be immediately observed. The “skin in the game” is found to be an efficient tool to

prevent this behavior, while the loss of reputation and subsequent punishment are not

efficient. The second source of information asymmetry is the unobserved allocation

of investment opportunities among firms. According to Proposition 4, the “skin in

the game” is not an efficient tool to eliminate this asymmetry, while reputation-based

implicit recourse has higher potential to overcome the related inefficiencies.

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 equilibrium,

remains unchanged.35

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 requires a minimum explicit risk retention of 5%.

34It is intuitive to assume that if a firm would divert funds, other firms will use at least the same
punishment tools as for the case of implicit recourse default.

35For the proof see Appendix A.10. Also note that the assumption of the moral hazard problem
is absolutely essential, since without it the solution would be first-best even under asymmetric infor-
mation. Under first-best, securitization is not profitable; therefore, firms with access to low-quality
investment do not have any incentives to mimic firms with high-quality investments. Therefore, neither
reputation equilibria nor implicit recourse would take place.
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Note that the “skin in the game” represents retention of a fraction of assets. Compared

to a risk retention of the first-loss tranche, the “skin in the game,” which would be

equivalent to horizontal tranche retention, has lower signalling potential. The reason

is the domination of a negative general-equilibrium effect discussed below. Such an

effect would be limited if the risk retention requirement is satisfied by first-loss tranche

retention without a substantial increase in potential capital requirements.

If, as in the extension of the model from section 5.1, the “skin in the game” is

determined endogenously by a moral hazard problem, and securitization is the only

means of financial intermediation, a policy that tries to increase the “skin in the game”

beyond the endogenously determined value would not improve the efficiency of financial

intermediation. The reasons are twofold.

First, a larger “skin in the game” increases the profits from securitization and lowers

the aggregate quantity of investment (this follows from Propositions 1 and 2). Second,

higher profits also make the issuance and sale of loans profitable, even for firms with

lower-quality projects, which would otherwise be buyers of high-quality projects. This

holds both in the symmetric information case from Proposition 2 and under asymmetric

information, since the pooling equilibrium is more likely (see Proposition 4 and Propo-

sition 8). Therefore, both the quantity and quality of investment are lower with a larger

“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 effort. I have an option of

fund 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 determines 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 effects on the economy as described above.

One could possibly introduce additional frictions, which would create benefits of the

newly proposed regulation. However, those possible benefits can be outweighed by the

adverse general-equilibrium effect, especially when the regulation is too excessive.
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5.3 Adverse selection on resale 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 resale 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 resale market.

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

on resale markets with the switching between pooling and separating equilibria.36 The

severity of the adverse selection on the secondary markets depends both on the difference

in qualities and 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, the larger the share is of low-quality loans on

the market, and the more acute the adverse selection issue becomes in the subsequent

recession. If adverse selection is strong enough, securitized loans of high quality stop

being traded on the resale markets altogether, which further deepens the recession.

The motivations for including this section are the problems witnessed on the secu-

ritization markets during the late-2000s financial crisis.

After outlining the main results of this extension, let me explain their derivation

from the new assumption in more detail. The assumption of asymmetric information

on resale markets has the following impact on the model behavior. First, when an asset

is resold, there is a unique price that is independent of the quality of this asset qst . If

an asset is not resold, the owner who knows its quality will value the high-quality asset

qht and the low-quality asset qlt, but this is not the market price. Second, prices depend

on the share of high-quality assets on the resale market.37 In every period, firms find

out the quality of assets on their balance sheets and sell all low-quality assets. Unlike

original issuers in the period when the investment was made, they no longer have the

technology to provide implicit recourse. High-quality assets are sold on the market only

by firms with investment opportunities who need liquidity.

Therefore, the share of high-quality assets on the resale market is

fht =
πµωt

πµ+ (1− πµ) (1− ωt)

36Kuncl (2014) extends the issue of adverse selection on the resale markets further in a model with
infinite-horizon implicit recourse and equilibrium defaults on such recourse.

37See Appendix A.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 resale market drops low

enough, even firms that sell assets for 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 steady state, this situation takes place if

Rh > qs
Rh − θRG

1− θqIR
,

where Rh = rh+λπµqs+λ (1− πµ) qh and RG = rG+λπµqs+λ (1− πµ) qh. As shown

in Appendix A.11, this condition implies that the share of high-quality assets traded

on the resale market has to be low enough to satisfy:

fh < 1−
qh − 1

(qh − ql) (1− θB)
.

If this condition is satisfied, 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 investment in

the economy would also be significantly lower.

6 Conclusion

In this paper, I show that, in general, reputation concerns allow originators 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. How-

ever, there are limits to the efficiency of these particular reputation-based tools, which

become more pronounced in boom stages of the business cycles. The minimum level

of implicit recourse that would prevent mimicking by firms with investment projects of

lower quality exceeds the level that can be credibly promised. In the resulting pool-

ing equilibrium, the information about the quality of loans is lost, and the investment

allocation becomes more inefficient. Due to this mechanism, large inefficiencies in the
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allocation of capital can be accumulated during the boom period of the business cycle.

The accumulated inefficiencies can then amplify a subsequent downturn of the economy.

Additionally, the longer the duration of the boom stage of the business cycle the deeper

will be the fall of output in a subsequent recession.

In an extension of the model, I introduce asymmetric information on the resale

market for securitized loans. The model predicts adverse selection on resale markets,

which lowers the market price and consequently depresses further the investment and

output in the economy. This adverse selection is the most amplified in a recession,

particularly in the case when the recession is preceded by a prolonged boom period.

If the adverse selection is severe enough, high-quality securitized loans are no longer

traded at all.

The results of this paper also have implications for macroprudential policy that re-

quires higher explicit risk retention. If the risk retention limits excessively the ability of

firms with investment opportunities to do financial intermediation, then such regulation

may be counterproductive. In particular, when explicit risk retention has the form of a

fraction of investment (horizontal tranche retention), such a requirement restricts the

supply of loans and, through the general-equilibrium effect, makes securitization more

profitable. As a result, this regulation may lower both the quantity and the quality

(higher likelihood of pooling equilibria) of investment in the economy. This effect is less

pronounced in the case when originators retain the first-loss tranche and higher risk

retention does not reduce their investment substantially, e.g. through higher capital

requirements regulation.

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

recent financial crisis, since it describes the experience of securitization markets prior to

and during the recent financial crisis. In the period preceding the crisis, many inefficient

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 financial crisis. The paper also

points to some unexpected negative effects of the newly proposed regulation.
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Appendices

A Proofs

A.1 First-best case

Due to logarithmic utility, firms 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 firms to obtain the equation describing the evolution of aggregate
variables: C = (1− β)H

(

rh + λ
)

.
From the market clearing condition, we know that X = Y − C = Hrh − C. And

from the law of motion for capital, we know that in the steady state X = (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
.

A.2 Proof of Proposition 1

In the first-best equilibrium, qh = 1. Should the SGC be binding, then by Proposition
1, qh > 1. Let us consider the least restricted case where still only firms with access to
high-quality loans are originating new projects and securitize their cash flows, and the
SGC is not sufficiently binding to allow a firm with access to low-quality investment
opportunities to profitably issue loans ql < 1.

Under the binding SGC, the aggregate investment into high-quality projects will be
(obtained as an aggregation of eq. 3.4):

XH
t = πµ

β
(

Ht

((

At +∆h
)

Kα−1
t + λqht

)

+ Lt
((

At +∆l
)

Kα−1
t + λqlt

))

(

1− θqht
) . (6.1)

Prices of particular assets are determined from the Euler equations of saving firms.
In equilibrium, these firms are indifferent between investing in high- or low-quality
projects:

Et





rht+1+λq
h
t+1

qht
(

ωt+1
rht+1+λq

h
t+1

qht
+ (1− ωt+1)

rlt+1+λq
l
t+1

qlt

)



 = 1 (6.2)
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Et





rlt+1+λq
l
t+1

qlt
(

ωt+1
rht+1+λq

h
t+1

qht
+ (1− ωt+1)

rlt+1+λq
l
t+1

qlt

)



 = 1, (6.3)

where ωt is the share of high-quality projects in the overall assets in the economy:
ωt = Ht/Kt. The derivation of these conditions can be found in Appendix B.

Finally, the goods market clearing condition has to hold, too:

Yt = Ct +Xt. (6.4)

Case 1: Only firms with access to high-quality projects originate new
projects and securitize their cash flows:

Condition 6.1 and a combination of 6.2 and 6.3, 6.4 can be rewritten when in steady
state:

(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
, (6.5)

KH =

[

(1− λ) + (1−β)λ(1−λ)(1−πµ)
(1−λ)θ+πµλ

βAh

]

1
α−1

.

As long as qh = 1, we find KH =
[

1
Ah

(

1
β
− λ
)]

1
α−1

, which is the first-best level

of capital. 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 first-best case:

KH =

[

(1− λ) + (1− β)λqhH
βAh

]
1

α−1

<

[

(1− λ) + (1− β)λ

βAh

]
1

α−1

= KFB.

A.3 Proof of Proposition 2

Proposition 2 claims that the steady-state equilibrium can be of three types depending
on the parameter values. In the proof of Proposition 1 above, I already described
the least restricted case, where only a firm with access to high-quality projects will
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be issuing and securitizing loans. By continuing to tighten the SGC, we will increase
the price of the low-quality asset to 1 (ql = 1). At this point, the firms with access
to low-quality loans will be indifferent between buying high-quality securitized assets
or issuing and securitizing their own loans. Origination of more low-quality projects
counterweights the effect of tightening the SGC, and therefore the prices stay at the
same levels (ql = 1, qh = Ah/Al). For an interval of θ, there will be a steady state
in which firms with access to low-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 case, firms
with access to both high- and low-quality projects will all be issuing credit and always
securitizing.

Case 2: Firms with access to low-quality projects originate new projects
with probability ψ:

Steady-state conditions are the following:

(1− λ)
(

1− θqh
)

ω = πµβ
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

, (6.6)

(1− λ)
(

1− θql
)

(1− ω) = π(1− µ)ψβ
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

, (6.7)

Ah

qh
=
Al

ql
, (6.8)

ql = 1, (6.9)

ωrh + (1− ω) rl = (1− λ) + (1− β)
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

. (6.10)

Let us define

q ≡
qh

Ah
=
ql

Al
, (6.11)

and
D ≡ ωAh + (1− ω)Al. (6.12)

Using (6.11) and (6.12), and combining equations (6.6), (6.7), and (6.8), we obtain:

(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] . (6.13)

We can also rewrite (6.10):

βDKα−1 = 1− λ+ (1− β)Dλq. (6.14)
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Combining (6.13) and (6.14), we obtain:

qM =
(1− λ) (1− π (µ+ ψ (1− µ)))

(1− λ) θ + π (µ+ ψ (1− µ)) λ

1

D
. (6.15)

Substituting (6.15) back into (6.14), we obtain:

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

. (6.16)

Case 3: Firms with access to both high- and low-quality projects are
always originating new projects:

The deterministic steady state is defined by

(1− λ)
(

1− θqh
)

ω = πµβ
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

, (6.17)

(1− λ)
(

1− θql
)

(1− ω) = π(1− µ)β
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

, (6.18)

Ah

qh
=
Al

ql
, (6.19)

ωrh + (1− ω) rl = (1− λ) + (1− β)
(

ω
(

rh + λqh
)

+ (1− ω)
(

rl + λql
))

. (6.20)

Using (6.11) and (6.12), and combining equations (6.17), (6.18), and (6.19), we obtain:

(1− λ) (1− θqD) = πβD
(

Kα−1 + λq
)

,

(1− λ)− πβDKα−1 = qD [(1− λ) θ + πβλ] . (6.21)

We can also rewrite (6.20):

βDKα−1 = 1− λ+ (1− β)Dλq. (6.22)

Combining (6.21) and (6.22), we get:

qB =
(1− λ) (1− π)

(1− λ) θ + πλ

1

D
. (6.23)
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Substituting (6.23) back into (6.22), we get:

KB =

[

(1− λ) + (1−β)λ(1−λ)(1−π)
(1−λ)θ+πλ

βD

]

1
α−1

. (6.24)

The second part of the proposition claims that KH > KM > KB. To show this,
let us first focus on the part of the formula within brackets 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:

(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 KM > KB. Since wB < wM , then DB < DM . And since

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.

A.4 Proof of Proposition 3

When we introduce asymmetric information about the allocation of investment oppor-
tunities and condition 3.5 is satisfied, capital and output levels are lower than in the
first-best case due to the inefficient allocation of capital. This is true even when the
SGC is not binding enough to influence prices.

When the SGC is not binding, the average gross profit from one unit of invested
capital in the economy equals

r̄ = µrh + (1− µ)rl =
1

β
− λ.
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The level of capital in this private information case Kprivate is determined by

Kprivate =

[

1

µAh + (1− µ)Al

(

1

β
− λ

)]
1

α−1

<

[

1

Ah

(

1

β
− λ

)]
1

α−1

= KFB.

Suppose now that (1− π) (1− λ) > πλ + (1− λ) θ, in which case the SGC starts
to bind. The steady-state conditions then collapse into the two following equations in
(Kprivate, 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:

q =
(1− π) (1− λ)

πλ+ (1− λ) θ
, (6.25)

Kprivate =

[

(1− λ) + (1− β)λq

β (µAh + (1− µ)Al)

] 1
α−1

.

In the proof of Propositions 1 and 2, we already proved that KFB > KH > KM >
KB. To prove Proposition 3, it suffices 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 (6.17) and (6.18) 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 obtain:

ω

(1− ω)
=

(

1− θql
)

(1− θqh)

µ

(1− µ)
>

µ

(1− µ)
,

and this implies that ω > µ.
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A.5 Proof of Proposition 4

Under the private information case, firms with low-quality investment opportunities
prefer to buy high-quality loans rather than to mimic firms 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 (6.5) and using Ah

qh
= Al

ql
, we get:

Ah

Al
>

(1− πµ) (1− λ) (1− θ)

πµλ+ (1− λ) θπµ
.

A.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 firm,
which observes default on the implicit recourse, has to prefer punishing the defaulting
firm rather than non-punishing it, even ex post. This is expressed in condition (3.12).
Here, I derive analytically both elements of that inequality in the case of the pooling
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 A.9,
we can find that the value function of the firm 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
)

+ π (1− µ) log
(

Rl,IR
)

+ (1− π) log (Rs)
)

,

and the value function of the firm that failed to punish and therefore lost its reputation
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

(

π log
(

Rh,IR
)

+ π (1− µ) log
(

Rl,IR
)

+ (1− π) log
(

Rs,NP
))

.

If a firm loses its reputation of being a “tough investor,” other firms will expect that
this firm will never punish in the future, and, as a consequence, they will never again
provide implicit support to this firm. So when a firm without the reputation of being
a “tough investor” buys assets with implicit support issued in the primary market, its
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return is Rs,NP =
µ(rh+λqh)+(1−µ)(rl+λql)

qG
. Firms with a “tough investors” reputation

have a return of Rs = r̂G+µλqh+(1−µ)λql

qG
. Note that firms without a reputation cannot

obtain a lower price from originators of securitized assets without implicit recourse,
since granting a lower and fair price would reveal the identity of low-quality assets of the
issuing firm. Similarly, if firms without a “tough investor” reputation buy assets without
implicit recourse on the secondary (resale) markets, they are also in a disadvantageous
position. When firms with a “tough investor” reputation sell high-quality assets to
firms with a reputation, they charge a market price qh. However, if firms without
a “tough investor” 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 firms without a
reputation is somewhere in the interval qh,NP ∈

(

qh, qG
)

, depending on the bargaining
power of sellers and buyers. Unless all bargaining power is on the side of firms without
reputation, then qh,NP > qh. This implies that Rs,NP < Rs, and therefore saving firms
are better off punishing, and inequality (3.12) would be satisfied.

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 assump-
tion, it can be shown that for a large set of parameter space and relative bargaining
power of different 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 firm decides to default on the implicit support (which is the case when
the ICC for non-defaulting, eq. 3.11, does not hold). Other firms decide whether to
punish this firm 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 firms, i.e., buy the
assets from them for a lower price qh,RN < qh, giving it a return Rs,RN > Rs. However,
those benefits from renegotiation are limited by the fact that the defaulted firm would
be selling the assets only with probability πµ, and the quantity of assets the firm can
sell is limited and proportional to its equity. Even if the quantity of the assets sold by
the defaulted firm 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 relative
bargaining power of different agents in the economy.

A.7 Proof of Proposition 5

I claimed that if the implicit recourse were to be credible, the optimal level of promise
would mean qj = 1, and therefore zero profit for securitizing firms. The relevant FOC
can be transformed in the following way.

Let us consider FOC for firms with high-quality investment opportunities. I guess
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and verify that the remaining firms 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 q
G,j

qj

)

1− θqG,j
= 0,

and since ∂V ND
′

∂(w′−cir′)
> 0, and as long as higher rG credibly brings value to buyers

∂qG,j

∂rG
> 0, the above condition simplifies to

∂

∂qG,j

(

1− θ q
G,j

qj

)

1− θqG,j
=

θ (qj − 1)

qj (1− θqG,j)2
= 0.

This implies qj = 1 conditional that the level of rG is credible, i.e. is not defaulted

upon at least in some states of the world.

Note that for when the level of rG satisfies this condition, the return from investing

and securitizing is equal to the return from investing but not securitizing, i.e., securiti-

zation does not increase the return:

R | investing & securitizing = R | investing
(

rj + λqj − θ
(

rG + λqj
))

1− θ r
G+λqj

rj+λqj
qj

=
rj + λqj

1
.

When you substitute in the above condition qj = 1, the condition is exactly satisfied

for all parameter values.
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A.8 Proof of Proposition 8

To complete the proof of Proposition 8 sketched in the main text, I first need to
derive from (3.13) the (3.14) and show that the RHS of equation (3.14) is independent
of 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 as follows:

(1− λ)
(

1− θqG
)

= πµβ
(

rh + λqh
)

, (6.26)

rh = (1− λ) + (1− β)
(

rh + λqh
)

, (6.27)

rG + λqh

qG
=

(

A+△h
)

Kα−1 + λqh

qh
, (6.28)

V ND (w′ − cir′) = V D (w′) . (6.29)

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 (6.29) 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)



 .

For simplicity, let us 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 can also find 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)
)

.
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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 (6.29) and can-
celing 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 the LHS shows the utility from consumption when wealth is reduced by re-
payment of implicit recourse and from the future discounted benefit 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 firm can no longer issue and sell new
loans. This equation can further be simplified using (6.28) 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 us 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

)

, (6.30)

which is an equation in two unknown endogenous variables
(

B, qh
)

depending on time
preference parameters β and parameters defining the strength of the financing frictions
(π, µ, θ).

We can express a second steady-state condition in two endogenous variables
(

B, qh
)

combining two remaining conditions for the steady state (6.26, 6.27):

(1− λ)
(

1− θBqh
)

= πµ
(

1− λ+ λqh
)

. (6.31)

Combining the two equations (6.30, 6.31), 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 equi-
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librium, selected by the intuitive criterion, mimicking firms with access to low-quality
projects would find it optimal to default on implicit recourse, since in a separating
equilibrium, rG∗ > rGl,cred,s.

As with condition 6.29, 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− θqG
)

(rl + λql) (1− θ)

(

rh + λqh
)

qh

)

βπµ

1− β
log

(

1− θBqh

1− θB

)

< log

(

(

1− θBqh
)

(1− θ)

1

ql

)

.

Using (6.30) and the preceding transformations, we can replace the LHS to get:

log

(

1− θB

1− θ

)

< log

(

(

1− θBqh
)

(1− θ)

1

ql

)

ql <
1− θBqh

1− θB
. (6.32)

If we divide (6.32) 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 satisfied

than in (3.14). To prove that, let us first rewrite the denominator of (3.5) using (6.5),

which says:
(

1− θqh
)

(1− λ) = πµ
(

1− λ+ λqh
)

,

to obtain:
Ah

Al
>

(1− θ) (1− λ)

πµ
(

1−λ
qh

+ λ
) .
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Similarly, let us rewrite the denominator of (3.14) using (6.31) 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 definition, higher than one,

and qh | no implicit recourse > qh | implicit recourse. The latter comes directly from

comparing (6.5) and (6.31), which when combined give:

1− λ+ λqh

1− θqh
| no implicit recourse =

1− λ+ λqh

1− θBqh
| implicit recourse.

Further, this can be satisfied only if qh | no implicit recourse > qh | implicit recourse.

A.9 Other derivations from section 3.3

Conditions for the minimum level of implicit recourse needed for separa-
tion Gminsep:

At Gminsep, firms with low-quality investments are indifferent 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− θBminq
h
)

(1− θ)
ql

)

. (6.33)

Combining (6.33) with the following equilibrium investment condition

(1− λ)
(

1− θBminq
h
)

= πµ
(

1− λ+ λqh
)

, (6.34)

where Bmin ≡ qG

qh
=

(A+Gminsep)Kα−1+λqh

rh+λqh
, gives

{

Gminsep, q
h, Bmin

}

.

Conditions for a unique pooling equilibrium:
A necessary condition for firms to have incentives to increase G above Gl

cred,p is that

it must be considered as profitable to, at least, individually deviate above Gl
cred,p. The
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following condition should, therefore, be satisfied:

∂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
)

. (6.35)

As long as
(

µqh − 1
)

> 0, the condition (6.35) 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 satisfied 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 difference in TFP has to be large enough.

A.10 Endogenizing the “skin in the game”

If we endogenize the SGC with the moral hazard problem described in section 5, we
obtain the incentive-compatible constraint (5.1). In this section, I would like to show
briefly that the main results concerning the provision of implicit recourse and the en-
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dogenous switching between the pooling equilibrium and the separating equilibrium
hold.

First, we have to check whether firms have the incentive to provide implicit support.
The check is equivalent to the proof of Proposition 5, as discussed in section A.7, which
boils down to show that

∂

∂qG,j

(

1− θ q
G,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 defined

by

(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 simplifies 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) become:

Ah

Al
> qh

(

B
(

qh − 1
)

+ 1
)

.

A.11 Adverse selection on resale markets

We derive the pricing conditions from the FOC of saving firms. In the case of a
separating equilibrium, they are the following. The value of a high-quality asset qht
reflects the expected gross profit next period and the value of the asset next period,
which is qht+1 if the firm has no investment opportunities and keeps the asset on the
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balance sheet, or qst+1 if the firm 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 reflects the expected next-period gross profits and
the expected next-period resale price, since low assets are always sold on the resale
market:

Et

[

1

Ξt+1

rlt+1 + λqst+1

qlt

]

= 1.

The price of the newly issued asset with implicit support in a separating equilibrium
and the price of an asset sold on the resale market satisfy the following:

Et

[

1

Ξt+1

rGt+1 + λfh
t

(

πµqst+1 + λ (1− πµ) qht+1

)

qGt

]

= 1,

Et

[

1

Ξt+1

fh
t r

h
t+1 +

(

1− fh
t

)

rlt+1 + λfh
t

(

πµqst+1 + λ (1− πµ) qht+1

)

+ λ
(

1− fh
t

)

qst+1

qst

]

= 1,

where

Ξt+1 = Xt

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 firms preferring

to keep their high-quality loans rather than selling them and investing such obtained

liquidity, the following condition has to be satisfied in the deterministic steady state:

Rh > qs
Rh − θRG

1− θqG
,

where Rh = rht+1+λπµq
s
t+1+λ (1− πµ) qht+1, and Rh = rht+1+λπµq

s
t+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)
.

B Derivation of firms’ policy functions

In this section, I derive the policy functions of firms in the most general case. It
is convenient to rewrite the firm’s problem characterized in section 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,x,{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,x,h′,l′

[

log (c) + βEV D
(

s̄′, w′; S̄′
)]

,

subject to the budget constraints that take the following form for investing firms for
which the SGC is binding:

ci,t +

(

1− θqGi,t
)

(1− θ)
hi,t+1 + ciri,t =

∑

j∈It−1

ai,j,t

(

ˆrGj,t + λqj,t

)

+ hS
i,t(r

h
t + λqht ) + lSi,t(r

l
t + λqlt) ∀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

)

+ hS
i,t(r

h
t + λqht ) + lSi,t(r

l
t + λqlt) ∀i ∈ Lt ∩ It.

The ICCs, which have to be satisfied in equilibrium for reputation-based implicit re-

course to exist, are the following:

V ND
(

s̄, w − cir; S̄
)

≥ V D
(

s̄, w; S̄
)

,

V P
(

s̄; S̄
)

≥ V NP
(

s̄; S̄
)

,

where V ND, V D, V P and V NP are the value functions if the firm never defaulted, de-

faulted, always punished a default on implicit recourse or failed to punish, respectively.
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From FOC, we can obtain the following Euler equations in cases where the SGC is
binding for all investing firms:

Et

[

β
ci,t
ci,t+1

ˆrGt+1 + λqj,t+1

qGj,t

]

= 1 ∀i ∈ St, ∀j ∈ It, (6.36)

Et

[

β
ci,t
ci,t+1

rht+1 + λqht+1

qht

]

= 1 ∀i ∈ St, (6.37)

Et

[

β
ci,t
ci,t+1

rlt+1 + λqlt+1

qlt

]

= 1 ∀i ∈ St, (6.38)

Et



β
ci,t
ci,t+1

rht+1 + λqht+1

(1−θqGt )
(1−θ)



 = 1 ∀i ∈ Ht ∩ It, (6.39)

Et



β
clt
clt+1

rlt+1 + λqlt+1

(1−θqG,lt )
(1−θ)



 = 1 ∀i ∈ Lt ∩ It. (6.40)

I guess and verify that all investing firms provide the same level of implicit support
rGj,t+1 = rGt+1 ∀j ∈ It (see the discussion in section 3.3 for details). Then, I guess and
verify that policy functions have the following form.

Due to the logarithmic utility function, all firms consume a (1− β) fraction of their
wealth:

ci,t = (1− β)





∑

j∈It−1

ai,j,t

(

ˆrGj,t + λqj,t

)

+ hS
i,t

(

rht + λqht
)

+ lSi,t
(

rlt + λqlt
)



 ∀i.

Under binding SGC, firms with access to high-quality investment opportunities Ht

invest all of the unconsumed part of their wealth into new projects and sell the maximum

fraction of investment θ to saving firms:

hi,t+1 = ai,i,t+1 =
β
(

∑

j∈It−1
ai,j,t

(

r̂Gj,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, firms with access to low-quality investment opportunities
Lt also invest all of the unconsumed part of their wealth into new projects, and if the
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SGC is binding, they sell the maximum fraction of the investment θ to saving firms:

li,t+1 = ai,i,t+1 =
β
(

∑

j∈It−1
ai,j,t

(

r̂Gj,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 = O is an empty
set, and firms with access to low-quality investment opportunities Lt are not investing
in new projects, but rather are buying securitized assets from other firms Lt ⊂ St.

Saving firms St are, in equilibrium, indifferent between investing in different 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 different types of assets:

hSi,t+1 =
ζhSβ

(

∑

j∈It−1
ai,j,t

(

r̂Gj,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

(

r̂Gj,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

(

r̂Gj,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

(

r̂Gj,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 firms in the following period depends on the return from
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their investment:

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 (6.39) and (6.40), we can see that these condi-

tions always hold.

The remaining Euler equations (6.37), (6.38) and (6.36), after substitutions, can be
rewritten into:

Et





rht+1+λq
h
t+1

qht

Ξt+1



 = 1,

Et





rlt+1+λq
l
t+1

qlt

Ξt+1



 = 1,

Et





ˆrGt+1+λqt+1

qG

Ξt+1



 = 1,

where Ξt+1 = ζhS
rht+1+λq

h
t+1

qht
+ ζ lS

rlt+1+λq
l
t+1

qlt
+ ζhP

ˆ
r
G,h
t+1+λq

h
t+1

qGt
+ ζ lP

ˆ
r
G,l
t+1+λq

l
t+1

qGt
.

The allocation of saving firms (those with zero-profit 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

(

ˆrG
j,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

(

ˆrG
j,t

+ λqj,t

)

+ hSi,t
(

rht + λqht
)

+ lSi,t
(

rlt + λqlt
)

)

qGt
.

And the goods market clears, too: Yt = Ct +Xt.

C Calibration of the parameters used in section 4

In section 4, I explain the choice of most of the model parameters. Here I would like to

specifically comment on the choice of the share of high-quality investment opportunities

µ and the dispersion of the type-specific component of high- and low-quality projects

in the two Markov states ∆l
(

AH
)

/∆h
(

AH
)

, ∆l
(

AL
)

/∆h
(

AL
)

.

I choose these parameters to replicate the performance (delinquency rates) of se-

curitized assets, which has been at the core of recent debates over the efficiency of

securitization—subprime RMBS. Demyanyk and Van Hemert (2011) study the delin-

quency rates of subprime mortgage loans. In Figure 6.1, 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 they report the delinquency rates adjusted by the effect

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

significantly since 2004. This finding is consistent with the switching mechanism pre-

sented in this paper. As can be seen in the left panel of Figure 6.2, the United States

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 signalling game becomes pooling, and as a consequence, low-

quality loans start to be financed. As shown in the right panel of Figure 6.1, 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.38 I particularly 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

38The 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 flows in the current period, then I can
compute the ratio of gross profits in the two types of projects.
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the high state to the average of the delinquency of the 2002 and 2003 vintage, which is

approximately 7%; the delinquency rate of a mix of high- and low-quality 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 the following:

∆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 compli-

cated, since I do not have disaggregated data for the United States. However, assuming

that the growth in the volume of subprime mortgage loans between 2003 and 2004 was

driven mainly by the entry of firms 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 Performance Data Services (PDS) database for the United Kingdom. When

we compare the delinquency rates of the collateral of the RMBS in the period with

the lowest output gap, i.e., in the period 2009Q3, on the one hand for loans issued in

previous boom stages of the business cycle, i.e., in 2005Q3-2008Q1 (left panel of Fig-

ure 6.3), and on the other hand for loans issued in previous recessions, i.e., in periods

2001Q3-2003Q2 and 2004Q3-2005Q2 (right panel of Figure 6.3), we find a significant

difference. In particular, it seems that we can distinguish two relatively clear-cut groups

in the subset of RMBS issued in the boom period. 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 com-

bine the reported frequency with volumes, I find 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 United States, so I use this parameter level.

D Numerical solutions of the fully stochastic dynamic model

Since, depending on the state variables, the economy is switching between a sepa-
rating and a pooling equilibrium, I use global numerical approximation methods. Per-
turbation methods used frequently in the macroeconomic literature, which obtain linear
approximations for the equilibrium conditions around a steady state and find solutions
to the resulting linear system of equations, would fail to capture the switching between
different types of equilibrium in this model. I find numerical approximation on a grid
of state variables A, K, and ω by iteration. This solution captures different behavior
of the model in different states of the economy.

The model solution can be reduced to finding the solution for the set of three non-
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Figure 6.1. Actual and adjusted delinquency rates for subprime mortgages by De-
myanyk and Van Hemert (2011).
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Note: On p.1, Demyanyk and Van Hemert (2011) describe their figure: “The figure shows the age pattern in the actual

(left panel) and adjusted (right panel) delinquency rate for the different vintage years. The delinquency rate is defined

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

refinancing 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 6.2. Log of the output gap in the United States (left panel) and the United
Kingdom (right panel)
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Note: Data are from Eurostat for the United Kingdom and from FRED (St. Louis FED) for the United States. I

construct the output gap using the Hodrick-Prescott filter with the smoothing parameter 1600.
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Figure 6.3. Histograms of delinquency rates for collateral of the RMBS issued in the
United Kingdom in 2009Q3 for loans issued in the boom (left panel) and for loans issued
in the bust (right panel)
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Note: The figure shows histograms of the delinquency rates of the collateral for the RMBS, which are defined 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 shows the RMBS issued in recessions in the periods 2001Q3-2003Q2

and 2004Q3-2005Q2.

predetermined endogenous variables qh
(

S̄
)

, ql
(

S̄
)

and Vdiff
(

S̄
)

≡ V ND
(

S̄
)

−V D
(

S̄
)

,
which I will denote as Γ̄

(

S̄
)

=
{

qh, ql, Vdiff
}

| S̄. Expectations about their next-period
values determine the current level of all endogenous variables. Once I know the value
of Γ̄

(

S̄
)

, I can find the remaining endogenous variables, including the law of motion
for the endogenous state variables K and ω. Therefore, all equilibrium conditions can
be rewritten as

E
(

Γ̄, Γ̄′, S̄ ′
(

Γ̄
))

| S̄ = 0.

I use the following algorithm to find the numerical approximation to the model
solution.

Initiation: I construct a grid for the three aggregate states S̄ = (A,K, ω). The
aggregate productivity takes only two values, so I have a vector Ā =

{

AH , AL
}

. I
choose n values for K with equal distances among them and the median being the
steady-state value of K, and obtain a vector K̄ of size n. Finally, I choose n values of ω
from the interval of possible values that ω can take, i.e., from (µ, 1), and obtain a vector
ω̄ of size n. Then I construct a grid S of state variables as all possible combinations of
Ā, K̄ and ω̄.

I make an initial guess for non-predetermined endogenous variables of interest Γ̄ on
the grid: Γ̄0 (S). I choose the stopping criterion ε > 0 and set the iteration counter to
zero, l = 0.

Step 1: For all combinations of state variables on the grid S̄ ∈ S, I compute Γ̄l+1,
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which satisfies39

E
(

Γ̄l+1, Γ̄
′

l, S̄
′
(

Γ̄l
))

| S̄ = 0.

Note that to compute the next-period values of Γ̄′
l, I need to know the next-period

values of state variables S̄ ′
(

Γ̄l
)

. And since those might be in between the grid points,
I use trilinear interpolation on the values of the neighboring grid points in this three-
dimensional state space.

Step 2: If the difference between the values of the two subsequent iterations for
Γ̄ (S) is smaller than the stopping criterion, i.e., if

‖ Γ̄l+1 (S)− Γ̄l (S) ‖< ε,

then I move to Step 3; otherwise, I go back to Step 1 with the iteration counter l
increased by one.

Step 3: I declare Γ̄l+1 (S) as the final approximate solution of the model and
compute the remaining endogenous variables in the model.

39Note that the subscript for Γ̄ denotes the iteration number.
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