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Securitization under Asymmetric

Information over the Business Cycle

Martin Kuncl*

Abstract

This paper studies the efficiency of financial intermediation through securi-
tization with asymmetric information about the quality of securitized loans. In
this theoretical model, I show that, in general, by providing reputation-based
implicit recourse, the issuer of a loan can credibly signal its quality. However,
in boom stages of the business cycle, information on loan quality remains pri-
vate, and lower quality loans accumulate on balance sheets. This deepens a
subsequent downturn. The longer the duration of a boom, the deeper will
be the fall of output in a subsequent recession. In recessions, the model also
produces amplification of adverse selection problems on re-sale markets for se-
curitized loans. These are especially severe after a prolonged boom period and
when securitized loans of high quality are no longer traded. Finally, the model
suggests that excessive regulation that requires higher explicit risk-retention
by the originators of loans can adversely affect both quantity and quality of

investment in the economy.
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Abstrakt

Tento ¢lanek zkouma efektivitu finan¢niho zprostiedkovani prostfednictvim
sekuritizace p¥i existenci asymetrickych informaci o kvalité sekuritizovanych
avérd. V tomto teoretickém modelu ukazuji, Ze obecné poskytnutim implicit-
niho rekurzu zalozeného na reputaci mize emitent divéryhodné signalizovat
kvalitu jim sekuritizovanych uvért. Avsak b&hem konjunktury hospodéiského
cyklu informace o kvalité Gvéru zistava neverejna a uvéry nizsi kvality se aku-
muluji v rozvahach finanénich firem. Toto prohlubuje nasledny hospodaisky
pokles. Cim déle trva hospodaiska expanze, tim hlubsi bude propad produktu
v nésledné recesi. Pro obdobi recese model predikuje také zesileni problému
nepriznivého vybéru na sekundarnich trzich sekuritizovanych dvéria. Tyto
problémy jsou zejména zévazné po obdobi dlouhotrvajici hospodaiské kon-
junktury, kdy sekuritizované ptjcky vyssi kvality prestavaji byt obchodovany
uplné. Kone¢né, model naznacuje, ze pfehnana regulace pozadujici vySsi ex-
plicitni zadrzovani rizika emitenty uvéri mize negativné ovlivnit mnozstvi i

kvalitu investic v ekonomice.



1 Introduction

Securitization has recently attracted a great deal of criticism due to its role in the
financial crisis of the late 2000s (e.g. Bernanke, 2010). Securitization and generally
the market-based system of financial intermediation grew significantly in importance
in the decades preceding the crisis (Adrian and Shin, 2009). The financial crisis of
the late 2000s led to intensified research into the problematic aspects of securitiza-
tion. New research is often very critical about securitization; consider Shleifer and
Vishny (2010), who argue that securitization creates systemic risks and inefficien-
cies in financial intermediation. Currently, regulation of the financial sector is being
redrafted and strengthened on national as well as international levels in many de-
veloped countries. The new regulation also addresses securitization practices.! The
agency problems related to securitization to which most of the criticism points are,
however, not new. Securitization designs contained tools, such as tranche retention
schemes or implicit recourse, that were supposed to limit these negative aspects of
securitization. The question is whether these tools worked efficiently in the period
prior to the late 2000s financial crisis.

In this paper, I show in a dynamic stochastic general equilibrium model that
reputation concerns can allow sponsors of securitized products to credibly signal
the quality of loans by providing implicit recourse and thus limit the problem of
asymmetric information. Implicit recourse is implicit support provided by the issuer
of securitized products to the holders of these assets. This support is not contractual

2 Typically, there are both pooling

and is enforced in a reputation equilibrium.
and separating equilibria in this signaling game. By applying Intuitive Criterion
refinement, I can select a unique separating equilibrium, in which the information
about loan quality is transferred, and the outcome is therefore efficient. However,
there are limits to the degree of commitment based on reputation and thus also to the
efficiency of implicit recourse in eliminating the problem of asymmetric information.
Following the empirical evidence in Bloom (2009) and Bloom, Floetotto, Jaimovich,
Sapora-Eksten, and Terry (2012), who find that the second moments of firms’ Total
Factor Productivity (TFP) in the economy are countercyclical, the relative difference
in the productivity of projects’ (loans’) in this model is also countercyclical. As a
result, it turns out that even though the steady state provision of implicit recourse

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

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

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



the separation equilibrium would require levels of implicit recourse so high, that
they cannot be enforced through reputation. Therefore, in boom stages of business
cycles, there are only pooling equilibria, in which the information about the quality
of loans remains private and the allocation of investment is inefficient. This has
only very moderate effects as long as the economy stays in a boom, where relative
difference in the productivity of projects (loans) is low. However, the effect of an
accumulated stock of low quality loans becomes more pronounced in a subsequent
downturn of the economy, which is thus amplified. Further, the longer the boom,
the larger the share of lower quality loans on the balance sheets and the deeper will
be the subsequent downturn.

Results of this paper could also have implications for the related macro-prudential
policy which requires higher explicit risk-retention for the originators (issuers) of the
securitized products (such as in section 941 of the Dodd-Frank reform). Although no
frictions in the model are sufficient to rationalize regulation of this sort, the model
points to an adverse general equilibrium effect of higher explicit risk-retention. In
this model, higher than equilibrium explicit risk-retention, such as the practice of
keeping a larger fraction of issued loans on the balance sheet of the issuer, limits
the financial intermediation ability of the issuer. Since higher explicit risk-retention
restricts the supply of loans, through the general equilibrium effect, it increases equi-
librium prices of securitized assets and makes securitization more profitable. Higher
prices mean that even the securitization of lower quality loans is profitable. There-
fore, when regulation is excessive, any possible benefits of the regulation, which
are not modeled here, can be outweighed by the adverse general equilibrium effect,
which lowers both the quantity and the quality of the investment in the economy.

In an extension of the model, I also introduce asymmetric information between
sellers and buyers of securitized loans on the re-sale market. The model then pro-
duces adverse selection, which is amplified in a recession. The negative impact on
the adverse selection on the market price depends on the share of low quality in-
vestments on the balance sheets. Therefore, adverse selection is especially severe in
a recession following a prolonged boom period. When a price on resale markets falls
low enough, even firms in need of liquidity find it unprofitable to sell high quality
loans for low market prices in order to finance new investment opportunities. Ulti-
mately, securitized loans of high quality are no longer traded on the re-sale markets
at all.

The mechanism presented in this paper can contribute to the understanding of
the recent financial crisis as it replicates some of the securitization market outcomes

observed 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. Also, during
the crisis, the markets for securitized products were severely strained. The paper
also points to some unexpected effects of the newly proposed regulation.

The paper is organized in the following way. Chapter 2 reviews the related lit-
erature. Chapter 3 introduces the set-up of the model and shows its solution, the
effect of assumed financial frictions and the effect of implicit recourse. For analytical
tractability, this chapter focuses on the steady state with only idiosyncratic stochas-
ticity and in which the aggregate variables are deterministic. Chapter 4 shows the
results of the full-fledged model with aggregate stochasticity obtained using global
numerical methods and focuses on the switching between the separating and pooling
equilibria over the business cycle. Chapter 5 develops extensions of the model. In
particular, T discuss the policy implications of the model and produce the adverse

selection on re-sale markets.

2 Literature review

My research is broadly related to several strands of literature. In this chapter, I
would like to focus on research related to securitization with implicit recourse and

to 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
separated 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 newly emitted securities. Loans are pooled
in a portfolio, which is then usually divided into several tranches ordered by seniority,
which have a different exposure to risk. Before the crisis, securitization was perceived
mainly as a means of dispersing credit risk and allocating it to less risk-averse
investors who would be compensated by higher returns, while highly risk-averse
investors could invest into the most senior tranches with high ratings. Due to the
role securitization played in the late 2000s financial crisis (e.g. Bernanke 2010),

securitization 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 conflicts has been compiled,
for instance, by Paligorova (2009).

Gorton and Pennacchi (1995) were among the first to point to moral hazard
problems related to securitization and to address the issue why securitization takes
place despite them. Moral hazard problems stem from the fact that if the risk is
transferred with a loan from the originator of the loan to the investor, the bank
has a reduced incentive to monitor borrowers to increase loan quality. Gorton and
Pennacchi (1995) argue that before the 1980s, securitization was very limited. In
the 1980s, several regulatory changes took place that effectively increased the cost
of deposit funding. One key factor was the imposition of a binding credit require-
ment for commercial banks.?> Banks could avoid increased capital requirements by
securitization, which moved some of the risky assets off their balance sheets. This
view that an important reason for securitization is regulatory arbitrage is shared
by many economists (e.g. Gorton and Pennacchi, 1995; Gertler and Kiyotaki, 2010;
and Gorton and Metrick, 2010). Calomiris and Mason (2004) present some evidence
suggesting regulatory arbitrage is effectuated by securitizing banks to increase effi-
ciency of contracting in the situation where capital requirements are unreasonably
high rather than to abuse the safety net. The moral hazard problems and agency
problems in general were then alleviated by the practice of keeping part of the loan
in the portfolio on the balance sheet of the originator. Fender and Mitchell (2009)
study different tranche retention designs and their effect on incentives. However,
any loan sale, partial or complete, results in lower incentives to monitor borrowers,
which of course affects the price investors are willing to pay for the securitized loan.
Loan originators, thus, have incentive to provide implicit recourse.

Implicit recourse is a particular form of implicit support provided by the issuers
of securitized products to the holders of these assets. They represent a certain
guarantee of the quality of the loan. The guarantee cannot be explicit since it would
then have to abide by regulations and to be kept on the balance sheet of the bank.
Nevertheless, much evidence suggests that implicit recourse was frequently used
during the securitization process (“As the saying goes, the only securitization without
recourse is the last.” [Mason and Rosner, 2007, p. 38]). Gorton and Souleles (2006)
show in a theoretical model that this mutually implicit collusion between investors
and originators of the loans can be an equilibrium result in a repeated game due

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

3“Tn 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. 10).



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
receivables, increasing credit enhancement, and waiving servicing fees. Higgins and
Mason (2004) argue that implicit recourse increases sponsors’ stock prices in the
short and long run following the recourse. It also improves their long-run operating
performance. Recourse may help to signal to investors that shocks making recourse
necessary are only transitory.

Another example showing that the risks were not fully transferred during secu-
ritization to the SPV is given by Brunnermeier (2009), who argues that when the
SPV was subject to liquidity problems, which arise from a maturity mismatch be-
tween SPV’s assets and liabilities and a sudden reduced interest in the instruments
emitted by the SPV, the sponsor would grant credit lines to it.

In my model, I will concentrate on the relationship between investors and banks,
where the latter have better information about the quality of loans, and I will show
that, due to reputation concerns, the bank has an incentive to signal this quality.
This is in line with the suggestion by Higgins and Mason (2004) that implicit recourse

is used as a signaling tool.

2.2 Financial intermediation imperfections, information fric-

tions, and business cycles

This paper is related to the volume of literature on financial frictions in macroeco-
nomic models and the role of asymmetric information and reputation in financial
intermediation.

In the recent financial crisis, we have witnessed important disruptions of financial
intermediation. It became clear that frictions in the financial sector are important
and should not be omitted from macroeconomic models. The classical papers that
endogenize financial frictions on the side of borrowers include Bernanke and Gertler
(1989), Bernanke, Gertler, and Gilchrist (1999), and Kiyotaki and Moore (1997).
These papers introduce an agency problem between borrowers and lenders, which
give rise to the use of collateral and credit rationing. The resulting endogenous
amplification of the effects of the shocks in the economy is denoted as the “finan-
cial accelerator”. Some of the recent macroeconomic models with financial frictions

directly incorporate securitization. Brunnermeier and Sannikov (2014) find that

7



securitization enables the sharing of idiosyncratic risks but may be amplifying the
systemic risk.

In this paper, I will refer often to the Kiyotaki and Moore (2012) model of mone-
tary economy with differences in liquidity among different asset classes. Their model
features borrowing and re-saleability constraints and the stochastic uninsurable ar-
rival of idiosyncratic investment shocks among the market participants. I simplify
this model and in order to study the financial intermediation similar to securitiza-
tion, I introduce asymmetric information and model signaling by the provision of
reputation-based implicit recourse.

There is much literature on the adverse selection in lender-borrower relationships
based on asymmetric information, which has developed the original contribution of
Akerlof (1970). In Parlour and Plantin (2008), the intensity of adverse selection on
the markets for securitized assets (sold loans) depends on the proportion of liquidity
sellers and informed sellers, who want to sell low quality loans. Kurlat (2013) models
a similar adverse selection problem in an extension of the model by Kiyotaki and
Moore (2012) and shows that the proportion of sellers of high quality assets is lower
in a recession, which can lead to market shutdowns. Martin (2009) shows that the
relationship between entrepreneurial wealth and aggregate investment, which is the
basis of the already mentioned “financial accelerator”, may not be monotonic. In
particular, in states with a low entrepreneurial wealth, screening of borrowers using
collateral requirements may be too costly, and therefore, the economy is in a pooling
equilibrium, in which good borrowers cross-subsidize bad borrowers.

Recent papers study the role of asymmetric information on the interbank market.
Heider, Hoerova, and Holthausen (2009) show that asymmetric information about
counter-party risk can produce market breakdowns. Boissay, Collard, and Smets
(2013) explain, in a model with moral hazard and asymmetric information, why
interbank market freezes are more likely after a credit boom. While in this paper
I focus on securitization markets, I find similar results: The liquidity problems on
the securitization markets are more severe in recession especially after a prolonged
boom period.

One of the major assumptions in the model is the existence of a dispersion shock,
which is inspired by the empirical evidence on countercyclical, cross-sectional vari-
ance in the TFP of US firms in Bloom (2009) and Bloom et al. (2012). These authors
also build models that assume time-varying variance of idiosyncratic TFP shocks
and show that higher variance can cause a recession. Bigio (2013) uses a similar
assumption and shows that a dispersion shock due to the existence of asymmetric

information will worsen the adverse selection problem and create a recession. Com-



pared to Bigio (2013), my model features reputation-based signaling, which is more
effective when the dispersion is larger.

In this paper, the quality of investment decreases in the boom stage of the
business cycle. There is much related literature that deals with the evolution of
bank lending standards over the business cycle. In an empirical paper, Lown and
Morgan (2006) document bank lending standards in the US deteriorated in the boom
stages of the business cycle. In theoretical models with asymmetric information
about the quality of borrowers and a costly screening by banks, Dell’Ariccia and
Marquez (2006) and Ruckes (2004) suggest the reasons for the countercyclical bank
lending standards. In Dell’Ariccia and Marquez (2006), booms are periods with a
lower share of low quality borrowers; therefore, banks, due to competition, decide
not to require collateral in those periods. In Ruckes (2004), boom periods are
related to lower borrower default probabilities, which induce banks to screen less.
This results in lower bank lending standards in the boom, which is similar to the
outcome of this paper. However, in this model, the asymmetric information exists
among financial firms trading securitized loans, and the adverse selection can be
alleviated by reputation-based signaling. Also unlike the mentioned models, my
model is fully dynamic and is better suited to study the time dimension of the
asymmetric information related effects.

There are also several papers that study the importance of reputation in the
lender-borrower relationships. Nikolov (2012) introduces reputation in the model of
Kiyotaki and Moore (1997) and shows that reputation represents intangible capital,
which is more valuable in the boom stage of the business cycle, and therefore, it
further strengthens the collateral amplification mechanism. Ordofiez (2012) 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.

My model is also related to research about the degree of asymmetric information
over the business cycle. While some researchers argue that booms are associated
with a higher degree of trading and therefore more learning (Veldkamp, 2005), others
argue that information may be lost in boom periods of business cycles. Gorton
and Ordofiez (2014) present a model where assets with unknown value can serve
as collateral for borrowing. In booms, none of the parties has the incentive to
verify the value of anasset, and the economy saves on information acquisition costs
and enjoys a “bliss-full ignorance” equilibrium, while in periods with low aggregate
productivity, lenders have incentives to verify the value of collateral, which leads to
underinvestment. In my model, higher productivity will also be associated with less

public information, but this would create inefficiencies.



3 Model

To allow for maximum tractability, the set-up of the model is rather simple. The
economy contains a continuum of financial firms, which have stochastic investment
opportunities. The problem in this model is to transfer resources from firms with-
out investment opportunities or with low quality investment opportunities to firms
with the best investment opportunities. The transfer of funds is possible through

securitization, which is modeled as a sale of cash flows from the funded projects.*

3.1 Model set-up
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:
e (1 — m) share of firms (subset Z;) don’t have access to new investment projects;

e 7y share of firms (subset H;) have access to high quality projects with high

gross profit per unit of capital P = APK?'; and

e 7 (1 — p) share of firms (subset £;) have access to low quality projects with

low gross profit per unit of capital vl = ALK

This shock cannot be insured.
Assumption 1: 1 assume that the relative difference in gross profits from high

and low quality projects is countercyclical:

o Al — Al
04, Al
where A; is the aggregate component of the total factor productivity (TFP) of the

<0, (3.1)

projects.

This assumption is inspired by the empirical evidence on countercyclical cross-
sectional variance in the TFP of US firms in Bloom (2009) and Bloom et al. (2012).°
In this model the TFP of the projects has an aggregate component, A;, and a type-
specific component, A" and Al resp.: AP = A,Al and Al = A,AL. To satisfy the

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

®Bloom (2009) and Bloom et al. (2012) depart from the empirical evidence and build models
that assume a time-varying variance of idiosyncratic TFP shocks and show that higher variance
can cause a recession.
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assumption in (3.1) the ratio of type-specific TFP components has to be counter-
cyclical, 9 (A}/AL) JOA, < 0.

Some of the basic features of the model are inspired by Kiyotaki and Moore
(2012). Similarly to Kiyotaki and Moore (2012), agents are subject to an i.i.d.
investment shock and face constant returns to scale, i.e., they take r, resp. rl as
given; however, on the aggregate level, there are decreasing returns to scale:

H, L
Y, =t H, +rlL, = (A??t + Ai%) K7,
t t

where K; = H;+ L; and H; (L;) are aggregate holdings of high (low) quality capital.®

3.1.2 Frictions

Two core frictions are assumed in the model:

e Investing firms, which sell securitized loans, have to keep “skin in the game”,
i.e., at least (1 — @) fraction of the investment on their balance sheet. This
means they can sell at most 6 fraction of the current investment, and the
rest has to be financed from their own resources. For simplicity, 0 is taken
throughout most of the paper as a parameter. However, in chapter 5 this

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

e There is an asymmetry of information about the above described alloca-
tion of investment opportunities among firms. Each firm knows the type of
the project it is assigned to in the current period, but it is not aware of the

allocation of projects among other firms.

The second friction is motivated by the reality of the securitization market and by
the mentioned criticism of securitization, which takes the asymmetric information
as the source of most of the agency problems (for details see the literature review).
The first friction can be also observed in reality, but the main reason I include
it in this otherwise simple model is that despite the competition among financial
firms, a binding “skin in the game” constraint increases equilibrium prices above the
costs of investment and, therefore, makes the securitization process profitable. Only
when securitization is profitable, does a reputation equilibrium exist with implicit
recourse, where the losing of reputation for providing implicit recourse is costly. As

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

Kiyotaki 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.

11



unable to securitize and sell the projects in which they have invested, and therefore,

it would loose the profits from securitization.”

3.1.3 Firms’ problem

Each financial firm (indexed by 7) chooses the control variables {¢; 115, % ¢+s, {ai7j7t+s+1}j,
S S G 00 . . o1e
R ysits sty Titrstns Xit+s ol to maximize the expected discounted utility from

the future consumption stream:

&9}
Z Bou(ciprs)
s=0

where u (¢;145) = 1og (¢;14+5). The budget constraint for all firms is

; G S h S ! .
Cit it (1 - qi,t) + D igeaSy TR a1 d + Xaeciri
JELt

= > aige (PG Agie) 4 RS (el ad) 15, (v 4 Ad) Vv,
JET 1

and firms with no investment opportunities face additional constraint i;,
0 Vi € Z,. This constrained maximization problem describes the following options
of firms. The resources of firms consists of stochastic gross profits from projects
financed in the past and the market value of a non-depreciated part A of those
projects. They consume the ¢;; part of those resources. If they have an investment
opportunity, they can invest at unit costs into new project 7;,.® I denote the subset
of firms that decide to invest into new projects (issue new loans) as Z;. They can
also buy securitized cash flows from newly financed projects on the primary market
{ai 1}, for prices {g;}, or securitized cash flows from older projects of known
[5,41) for price g/ (qf),
where j € 7, and superscripts h,l denote the known quality of the traded asset.

high (low) quality on the secondary (re-sale) market h?,,, (

)

Investing firms can securitize and sell cash flows from the newly issued projects. If

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

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

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

9The amount of new loans kept on the balance sheet is the difference between investment i; and
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of these newly securitized assets in the form of a promise for minimum gross profit
per unit of capital next period rft +1- An asset with implicit recourse is traded for
a market price qft, which depends on the information structure in the equilibrium,
i.e., on the beliefs of buyers about the type of the sold asset. Each firm can decide
whether to default on the implicit recourse from the previous period or not, which is
represented by y;.!Y If a firm honors the implicit recourse, it has to spend part of its
resources on covering related costs cir;;. The details on the cost of implicit recourse
and the choice of default are discussed in detail in sub-chapter 3.2.4. The timing of
shocks and choice of controls by firms within each period is shown in Figure 3.1.
Note that since profits (cash flows) are observed and A" Al and A, are public
information, the uncertainty about the quality of financed projects is resolved at
latest in the period following the investment in the project. Therefore, depending
on the particular equilibrium, the quality of assets traded on the primary market
may be either public or private information, and when these assets are traded in the
next period on the secondary market, their quality is already public information.
Therefore, we can collapse all assets issued prior in past periods into two categories
of high and low quality assets: h°,1°.!' Laws of motion for high and low quality

assets traded on re-sale markets are

Hts+1 = thtﬂ—z Z Aal]t—i_Z)\hzt’

i jEHi—1

LtS+1 = letJrl—Z Z )‘amt"‘z)‘l

1 JELi

Since the uncertainty about project quality lasts only for one period, for sim-
plicity and tractability, I also restrict the guarantee on the loan performance to one
period after the issuance.

Since utility is logarithmic and budget constraints are linear in individual hold-
ings of assets, the policy functions will be also linear in the individual holdings of
wealth. Due to logarithmic utility, all firms will always consume a constant fraction

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

cip=(1-p) ( > i (184 Agje) + 0, (F 4+ 2al) + 15 (rh + Aqi)) vi.

JELt—1

the next period holdings of assets of firm ¢ issued by the firm i: a;;¢41, while 4y — a; ;441 = 0.
10y, takes the value 1 in case of no-default and 0 in case of default.
"In chapter 5.3, I relax this assumption and introduce asymmetric information on secondary
markets also.
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Figure 3.1. Timing of shocks and the choice of firm’s controls withing each period

Beginning of Projects generate Consumption, investment and next End of period
period profits period implicit recourse is chosen

v v v v
i t 3 iy -

Aggregate Implicit recourse is i.i.d. investment Trading of

productivity shock paid or defaulted upon shock assets

Linear policy functions and i.i.d. investment opportunities enable easy aggrega-
tion. An application of the law of large numbers implies that the aggregate quantities

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

3.1.4 Goods and asset markets

The model features a market for consumption goods and for capital goods (secu-
ritized cash flows from projects). 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 an investment into new projects. Consumption
good markets clear when all current output Y; is consumed or invested: Y, = C; + I,.

Capital goods are traded on asset markets. There is a secondary market on
which assets of known quality are traded and a primary market for newly issued
assets whose quality is either known or not depending on the type of the equilibrium.
As derived in Appendix 7.2, the conditions for the clearing of asset markets come
from the first order conditions of firms, which buy on asset markets (subset S;), and
which we will call saving firms ¢ € §;. 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 clearing conditions:

5 -
Cis T + Ag; ; ]
E it Tik . Gttt _ jvie S, Vj e,
Cit+1 .t
h ho 7
Et |:B 2t t+1 - Qt+1 = 1V S St7
Cit+1 q; 4
l L7
E [ﬁ it Tigl : G| _ e S;.
Cit+1 9t -

Recall that all assets depreciate over time, so the law of motion for capital (stock
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of projects) is Ky 1 = A\K; + I;. 2

3.2 Model solution in special cases

To demonstrate the effect of the core frictions in the model, T will first briefly show
in this sub-chapter the behavior and solution of the model without frictions. Then,
I will successively introduce a binding “skin in the game” and the asymmetric infor-
mation. I show that when the “skin in the game” is binding, a reputation equilibrium
exists, where implicit recourse can be provided. In the next sub-chapter, I will show
the solution of the model in the case of interest, where both frictions hold and the
provided implicit recourse can signal the quality of the securitized cash flows from
projects and result in a separating equilibrium, where the inefficiency related to
asymmetric information is eliminated.

To show the results analytically, I will, in the next sub-chapters, mostly refer
to the case with constant aggregate productivity A, = A. In chapter 4, T report

numerical results from the fully stochastic case.

3.2.1 Case with no financial frictions - first best

If none of the two frictions are present, i.e., project allocation is public information
and the “skin in the game” constraint is not binding, in equilibrium only firms
with high quality investment opportunities will invest, securitize loans, and sell
them to firms with low or unproductive investment opportunities. 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:

@t(rf + )\C]gl) Vi € Ht,
Lt(r? + )\qf) VZ - £t>
i,t(rth + )\qi‘b) VZ € Zt.

Cit + i+ (Rige1 — tit) Q? = h
Ciy + hi,t+1qth = h
h

h
Cit+ Nit1q;

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),
h
q" = 1.

2Gimilar laws hold for both types of capital (low quality and high quality): H;. 1 = \H; +
I, Liyy = ALy + Il. Similarly to Kiyotaki and Moore (2012), I assume that the subjective
discount factor exceeds the share of capital left after depreciation: 5 > A.
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Figure 3.2. Case without frictions - First best case

savings
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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 remaining firms.

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

dition, and the law of motion for capital, we obtain'3:

A== (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

investment is indeed first best.

3.2.2 Introducing the “skin in the game” constraint

In this chapter I show that a binding “skin in the game” constraint (6 fraction of new
loans at most can be sold) increases the equilibrium prices above the replacement
rate, which makes securitization profitable. As noted above, only when securiti-
zation is profitable, can a reputation equilibrium exist. The “skin in the game”
constraint is also a usual practice observed in securitization contracts in the form of
tranche retention schemes!*. This constraint can be motivated and endogenized by a
moral hazard problem, which is derived in chapter 5. Chapter 5 also discusses some
potential policy implications when making 6 a policy parameter. In this chapter, I
assume for simplicity a constant 6.

By lowering 6, 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

investments at the zero-profit price ¢" = 1, then the “skin in the game” constraint

BFor details see Appendix 7.1.1
MFor 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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becomes binding, and the price has to increase above the unit costs of investment
to clear the market. Securitization becomes profitable.

If the “skin in the game” is binding in equilibrium for firms with access to high
quality projects, i.e., their holdings of newly issued assets represent (1 — 6) fraction
of their investment h; 1 = a1 = (1—0)4;, Vi € H;'®, we can rewrite their
budget constraint to:

1 — Ogh .
Mh@ﬁ_l = hmg(?“f + )\Qf) + livt(ri + )\qi) Vi € Ht. (33)
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:

o p (hi,t(Tf + Aq!) + Ly (rl + )\qi))

o (1—0qy)

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

Vi € H,. (3.4)

Appendix 7.1.2 shows, we can obtain the following proposition.

Proposition 1. If “skin in the game” is sufficiently large to be binding, i.e., 0 1is
sufficiently low to satisfy

T

1_
6>1—X

then in the deterministic steady state:
(i) the price of high quality assets q" exceeds 1;
(i) the steady state level of output and capital is lower than in the first best case.

The above proposition is analogue to Claim 1 in Kiyotaki and Moore (2012),
but for a complete characterization of the model’s steady state, we also need the

following proposition.

Proposition 2. Suppose the condition from Proposition 1 holds, then depending on
parameter values, deterministic steady state is characterized by one of the following
cases:

Case H: Only firms with access to high quality projects issue credit and securitize
(4" <1);

Case M: Firms with access to low quality loans use a mized strategy and issue
credit with probability v, (¢' =1);

15T show below that for a subset of parameters, firms with access to low quality projects will be

also investing and securitizing loans in equilibrium. They may also face the binding “skin in the
game” constraint, ie., I}, = @i 41 = (1 —0) i}, Vi € Ly.
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Figure 3.3. Type of deterministic steady state depending on selected parameter
values
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Case B: All firms with access to high and low quality projects issue credit and

securitize (¢8> 1).

The above cases are ranked from the least restricted (¢! < 1), where output and
capital levels are relatively the closest to the first best case, to the most restricted

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

Yep > Yy > Yy > Y,
KFB > KH>KM>KB,

where subscript FB denotes first-best case, subscript H, M and B denote the
above described cases.

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

Figure 3.3. shows the effect of selected parameter values on the type of the steady
state. In the left panel we can see that lowering 6 or u 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 would be financed in the steady state.

3.2.3 Introducing asymmetric information

In this sub-chapter, I describe the consequences of introducing asymmetric infor-
mation about the allocation of investment opportunities among firms on the model
solution. I focus on the effect of asymmetric information between issuers of se-

curitized assets and their first buyers; therefore, at this point, I do not consider
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asymmetric information on re-sale markets.'6

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 port-
folio, buy both high and low quality securitized assets at the rate corresponding to
the probabilities of their arrival. This means that in equilibrium a g fraction of

investment is allocated to high quality and a 1 — u 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, the capital

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

For proof see Appendix 7.1.4.

The public information case will be equal to the private information case only if
the difference in the qualities is large enough. The firm with low quality investment
opportunities will avoid mimicking firms with high quality investment opportuni-
ties as long as the return from buying high quality assets exceeds the return from

mimicking:

R | buying highloans > R | mimicking

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

AP (1=0)¢"  (—mp)(1-=N(1-0)
AT 1—eg A+ (1= N O (35)

If the ratio of the 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 also be rewritten as

1—46q"
l

< .
7= "9

(3.6)

Since, by Proposition 1, ¢" > 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 ¢! < 1.

16] assume that past projects are not anonymous; therefore, the quality of all existing projects
becomes public information in the period following their securitization. In chapter 5.3., I relax this
assumption and show that if asymmetric information exists in general between the buyer and seller
on the re-sale markets, there can be partial market shutdowns similar to those found by Kurlat
(2013).
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Note also that increasing the “skin in the game”; i.e., lowering 6 will only increase
the lower bound for the ratio of productivities in the condition 3.5 and, therefore,
make mimicking more likely. This result is driven by the general equilibrium effect.
A lower 6 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 0, makes 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 a private information case is generally in-
efficient compared to a 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.

It turns out that by providing implicit recourse, a firm with high quality
investment opportunities can distinguish itself without restricting its investment
potential. Under this strategy, the issuing firm promises minimum gross profit per
unit of invested capital ¢ 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 a result of collusion between issuers of loans and their buyers!”. Implicit
recourse can be enforced 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. T assume a trigger strategy punishment that prevents a firm
without a reputation of honoring implicit recourse from selling securitized assets
on the market. The punishment has to be credible; therefore, in this reputation
equilibrium, buyers of securitized products with implicit support aim to keep a
reputation of being “tough investors”, i.e., a reputation of always punishing firms
that did not fulfill their promise.

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

I"In this paper, I do not compare the advantages of implicit and explicit guarantees. Based on
the observed empirical evidence, I model only the implicit guarantee. Reasons for a provision of
implicit rather than explicit guarantees can be various. Regulatory arbitrage is probably the major
reason. Also, the individual as well as the social costs of default on an implicit guarantee (costs of
punishment) can be lower than costs of default on an explicit guarantee, which can be represented
by liquidation costs (Ordonez, 2012, mentions the second reason).
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yND (E,w — cir; S) = 7 (uVND’h (§,w — cir;S') +(1—p) yNDl (§,w — cir; S')) (3.7)

+(177r)VND’Z (E,wfcir;g),

vb (§,w; 5’)
Yy NDk (E,w; S)

T (uVD’h (5,w; ) + (1 —p) vDil (5, w; 5')) + (1 —m) VP2 (5,w; S), (3.8)

max [log (¢) (3.9)
c,i,{a’.} hS1 1St 1 G1
7175

( ’
max [log (¢) + BEVP (5, w'; 5")] , (3.10)

YDk (E, w; §) .
c,z,{aé }j,hs’,ls’

where VNP (VP) 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, 5 = {{aj}j,hs,ls} is a vector of individual state
variables, S = {K,w, A} is a vector of aggregate state variables, and superscript k,
which can take values {h,[, 2z}, 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 into new projects, the securitization of
their cash flows, the fraction of the new investment which is sold, and the implicit
recourse they provide.' This problem is described by equations (3.9) and (3.10) for
firms with a reputation for having never defaulted on implicit recourse and without
this reputation, respectively.

The above problem is constrained by budget constraints that take the following
form for investing firms for which the “skin in the game” constraint is binding (e.g.

in case where firms have high investment opportunities):

(1- aqft)

Cit + 1—0)

hip41 + cirg g = Z Qi jt (T;Cft + )\qj,t) + hit(rf + /\qf) + lft(ri + )\qi) Vi € Hy,
JELL—1

where the price of securitized loans issued by firm j: qft depends on the informa-

tion structure, i.e., on the beliefs of buyers about the type of the sold asset ¢, | rft.

When the “skin in the game" is binding, the costs of implicit recourse are given by:

18Recall that the timing of shocks and the choice of controls by firms within each period is shown
in Figure 3.1.
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ciripr1 = Oy (T’ZGt — T’f) Vi ¢ S ke {hl}.

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

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

yNp (E,w—cir;g) >
VP(58) > vV

(3.11)
(3.12)

V
<
-l
T~
\Em
IS
@

where VZ VNP are the value functions for the firm that is always punished for
default on implicit recourse, and failed to punish for default, respectively. Condition
3.11 determines the level of implicit recourse that can be credibly provided, i.e., it
is not defaulted upon, given the trigger strategy punishment rule. The trigger
punishment strategy has to be credible; therefore, the saving firm which observes
default on implicit recourse has to be better off punishing the investing firm that

defaulted rather than not punishing it. This corresponds to the condition 3.12.1°

Definition 1. A recursive competitive equilibrium consists of prices {¢" (5), ¢" (),
{45 (5) }J} and gross profits per unit of capital {r" (S), 7! (S)}, individual decision
rules {c (E; 5’), hS' (5; g), Il (5; S’), r& (§; 5), {a;- (5, TJG, ©; | TJG; S’) }j, X (5, r¢: S)},
value functions {V NP (§; g), Y NDk (§; g),VD (5; 5), YDk (§; g), yNe (§; 5), VP (§; 5)},
and the law of motion for S = {K,w, A, %} such that: (i) individual decision rules
and value functions solve each firm’s problem taking prices, gross profits per unit
of capital, and law of motion for S = {K,w, A} as given; (ii) both asset and good
markets clear, and (iii) the law of motion for S = {K, w, A} is consistent with the

individual firms’ decisions.

3.2.5 Public information case with implicit recourse

Although one might think that the public information case is uninteresting, it is an
important benchmark. If issuing firms could coordinate, they wouldn’t be providing
implicit recourse in this case, where it does not serve as a tool that would distinguish
the firm type. However due to competition, firms tend to out-bet each other.
Should promises be always credible, the optimal level of implicit recourse would
be determined by the following F.O.C. (note that the individual firm ignores the

effects of this choice on aggregate variables):

19T show that this condition holds in Appendix 7.1.6.
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ovND OV 9 (w' — cir') _0
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I show in Appendix 7.1.7 that this condition implies that ¢ = 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. How-
ever, when profits from securitization are zero, the punishment has zero costs, and
the original non-defaulting incentive compatibility constraint (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 ¢ = 1. So the level of implicit recourse is defined

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

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

is characterized by the following propositions.

Proposition 6. Suppose that the condition from Proposition 1 holds, then depending
on parameter values, a deterministic steady state is characterized by one of the
following cases:

Case 1: Only firms with access to high quality projects issue credit, securitize
loans, and provide implicit recourse r,ﬁcmd (" >1,¢ <1,G" , >r");

Case 2: Firms with access to high quality projects issue credit, securitize loans,
and provide implicit recourse r,fmd, and firms with access to low quality projects
use a mixed strateqy and issue credit with probability 1 and provide implicit recourse
a5 1, = 1, 10y = 1, 1y = 1)

Case 3: All firms with access to high and low quality projects issue credit, se-
curitize, and provide tmplicit recourse rﬁmd and Tfmd resp. (" > 1, ¢ > 1,

G h .G l
Th,cred > ’ Tl,cred Z r )

Note that r{,,., is the maximum implicit recourse that can be credibly provided

by firms with k& € {h, [} 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 ws more in favor
of high quality projects, and wealth is less concentrated inside firms with investment
opportunities. This holds in all cases except when the provided tmplicit recourse has

no value (r§, ., =1"), and the two cases are identical.
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3.3 Case of interest: Implicit recourse as a signal of loan
quality

In this chapter, I analyze the case of interest, where the “skin in the game” constraint
is binding, where there is asymmetric information about the allocation of firms to
investment opportunities, and where the implicit recourse can signal the type of
investment opportunity.

As proved in sub-chapter 3.2.4, implicit recourse can be credibly provided in
a reputation equilibrium. Under asymmetric information, implicit recourse can be
interpreted as a signal of the loan quality. Investing firms (subset Z;) sell securitized
cash flows from newly financed projects and provide implicit recourse 7, € (0, 00).
The fact that a particular firm sells securitized cash flows and provides rft 41is the
message that this firm is sending to potential buyers of its securitized cash flows.
Saving firms (subset S;) observing any message sent with positive probability use
Bayes’ rule to compute the posterior assessment that the message comes from each
type. Without restriction on out-of-equilibrium beliefs (beliefs about the types con-
ditioned on observing messages that are not sent in equilibrium), there is a mul-
tiplicity of Perfect Bayesian Equilibria, generally both pooling and separating. I
use the Intuitive Criterion (Cho and Kreps, 1987) as a refinement to eliminate the
dominated equilibria with unreasonable out-of-equilibrium beliefs.

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. They both provide r&* with probability 1.
Saving firms observe this message and use the Bayes’ rule to compute the posterior

assessment that messages are sent by each type:

G*)_ o EMH) 1 u —

€My | 1§ =rC) = — - - =
? (7 el P EH) 1+p(GELy) 1+9(i€Z)-0 pr+(1—p)m

Under no aggregate stochasticity, there are several candidates for the pooling
Perfect Bayesian Equilibria (PBE):

Case 1: Firms with access to both high and low quality projects select with
probability 1: r&*

can be provided by firms with low quality assets under pooling.

= rfcredvp, where chred,p is the maximum implicit recourse that

Saving firms’ out-of-equilibrium beliefs that sustain this equilibrium can be the
following: ¢ (j € H, | rlcfcredp < T]G < r,f’jcred’s) = 0 and unrestricted for intervals 0 <
TJG < rfcred,p, and T’]G > rﬁcr&d7s. rﬁcred7s is the maximum level of implicit recourse
that can be promised credibly in a separating equilibrium (see below). In this

equilibrium, no firm defaults. None of the firms have the incentive to unilaterally
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decrease the implicit recourse or increase it.

Note that choosing er < chredp is not an equilibrium since both types will have

incentives to increase implicit recourse to T’jG =78 , 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 T‘J»G = &

s.t.:

G G . G G
Tlb,p <7’ < min (Tmz'nsejﬁ Th,cred,p) :

Saving firms’ out-of-equilibrium beliefs that sustain this equilibrium can be the
following: (j € H, | r¥ < TJG < rﬁcred,s) =0, and ¢ (j €M, |0< TJG < rG*) < u

. . G G
and unrestricted for the interval ry >y ., .
G

rminsep

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

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

bound on 7%, where firms with high quality investments do not have incentives to

deviate to 7%, ., . The fact that for 7 such that rfmdhp <r% < rf,, both types

G

have incentives to decrease implicit recourse to 7} is due to equilibrium

_ .G
- Tl,cred,p’
defaults on the implicit recourse of firms with low investment, which bring investors

G _ .G

= Tleredp- 1his negative effect on price together with

lower utility than when r
potentially higher costs of higher implicit recourse (when 7¢ > 7") outweighs the
positive effect of higher implicit recourse on the price.

Separating Equilibria: There is potentially a continuum of separating equilib-
ria, where firms with access to low quality projects save and buy securitized assets
from firms with access to high quality projects. Firms with access to high quality

. . .. . . . . G* G G .
projects invest, securitize, and provide implicit recourse r~* € (Tmmsew rhcred’s) with
G

minsep 1S the minimum implicit recourse that prevents mimick-

probability 1, where r
ing by firms with low investment opportunities. Saving firms observe this message
and use the Bayes’ rule to compute the posterior assessment that message is sent

by each type:

‘ . 0(j€Hy) 1 um
ceH, |G, =GF) = - - - =— =1
Pl EH |G ) o EH:) 1+p(jeLy) 04+p(jeZ)-0 pr

Saving firms’ out-of-equilibrium beliefs that sustain this equilibrium can be the
following: ¢ (j € H, | r% < r]G < rﬁmd) = 0 and unrestricted for intervals 0 <
T]-G < r% and er > Tf?,cred,s'

Application of Intuitive Criterion: If a separating equilibrium exists, then
all pooling equilibria are dominated, and therefore fail the Intuitive Criterion. In

particular, due to competition among firms with access to high quality investments,
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Figure 3.4. The case where the Intuitive Criterion selects a unique Separating Equi-
librium
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Figure 3.5. The case where there is no Separating Equilibrium
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Intuitive Criterion selects only one separating equilibrium, where firms with access
to high quality investments invest, securitize, and provide the maximum credible

implicit recourse r&* =& . .

20 So after applying the Intuitive Criterion, there is
either one unique separating equilibrium left or one or multiple pooling equilibria.

The condition for the existence of a separating equilibrium:

Thanks to Proposition 5, we know that firms have incentives to unilaterally
increase 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
cost of defaulting and keeping the implicit recourse are equalized, they are better
off if they increase the implicit recourse without increasing the cost further but
potentially benefiting from being mistaken for a firm with access to high quality
projects. Therefore, no separating 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 mimicking firms with high quality investments

20This case is shown in Figure 3.3.
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Figure 3.6. The case with unique Pooling equilibrium
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to providing a lower implicit recourse and disclosing their quality.

Therefore, separation can take place only when the costs of mimicking become
so large that investing into high quality assets is preferred. Under the deterministic
case, this condition can be expressed analytically. The implicit recourse “ has to

be high enough to satisfy:

VY| mimicking < V' | 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

A (1-6B)¢"
U 6Bq" (3.14)

G h . . . 7. . . .
% s the price premium for the equilibrium implicit guar-

antee. This implies that separating equilibrium.:

G
where B = 4- =
q

(i) ezists if and only if the level of aggregate productivity does not exceed threshold
level A;

(ii) exists if and only if ¢ < 1; and

(1ii) 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 3.13.2! Point (i) comes directly from Assumption 1 over the countercyclical

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

21See Appendix 7.1.8 for derivation.

27



Figure 3.7. A private information case with implicit recourse: Separating equilib-
rium
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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.

TFP on the LHS of (3.14) increases with aggregate TFP A, the mentioned threshold
is defined as A" (4) /A (A) = (1 —6B)¢"/ (1 —0Bq").

Crucially, as I show in Appendix 7.1.8, in a separation equilibrium, both ¢" and
B and, therefore, also the whole RHS of (3.14) are independent of the realizations of
aggregate productivity A and are uniquely determined by the intensity of frictions
and the punishment for default on implicit recourse.

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

market clearing condition, condition 3.14 can be rewritten as:

h
7 < 11_—65}(3] ’

which implies that in a separating equilibrium, ¢' < 1 since, by Proposition 1,
gt > 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.??

Uniqueness of pooling equilibrium:

When a separating equilibrium does not exit, there is generally a continuum of
pooling equilibria. However, it turns out that for a large set of parameter space,

there is only one pooling equilibrium with r& = rfmdp, independent on a specific

22Complete proof is in Appendix 7.1.8.
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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 and low quality projects provide the same level of
implicit recourse. They are indistinguishable, and, therefore, both firms invest into projects and sell them to firms

with no investment opportunities.

form of out-of-equilibrium beliefs.?? I calibrate the model to have only one pooling
equilibrium. The advantage of this calibration is not only having a unique equilib-
rium but also knowing that punishment is never triggered in equilibrium. It still
provides the disciplining role, but the dynamic results are not influenced by the
exercise of a particular punishment rule.

To obtain such an equilibrium, in general, I have to find values of parameters
such that rle’p > r,(icredm, i.e., the minimum level of implicit recourse for which it
pays off to provide recourse higher than rfcredvp is not credible in equilibrium since
it exceeds T,ﬁmd’p.

It turns out that this condition is satisfied for a low enough share of high quality
investment opportunities, x, and a high enough difference in type-specific TFP in a

pooling equilibrium:

1 — 464

< — .
K qh_gql

For details see Appendix 7.1.9.

4 Dynamics and numerical examples

In this chapter, T show a solution of the fully stochastic version of the model with
asymmetric information, binding “skin in the game” and implicit recourse. The

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

23Figure 3.6 shows this case with a unique pooling equilibrium.
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productivity for simplicity follows a two-state Markov chain A; € (A", AX)** with
a transition matrix P = [p,1 —p;1 — p, p|.?°

In the analysis of the dynamic properties of the model, I focus on the switching
between the separating and pooling equilibria over the business cycle. Even though
in the steady state there is a separating equilibrium, when the aggregate productivity
increases and the economy is in the boom stage of a business cycle A, = AY the
separating equilibrium is no longer sustainable, and the economy is in the pooling
equilibrium, where both types of firms provide the same level of implicit support
and both invest into new projects. This follows directly from Proposition 8. The
intuition behind the result is the following. As the aggregate productivity increases,
the relative 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 ¢' <
(1 — Oth) /(1 —0B) < 1is necessary for separation, but in a boom even the quality
of low type projects is relatively high, and therefore, one has to provide high implicit
recourse to drive the prices of low quality projects low enough. At some point, the
level of implicit recourse required to achieve separation exceeds the maximum level

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

Calibration of parameters: Since I extend the model of Kiyotaki and Moore
(2012), T use the same level of parameters for: a = 0.4, f = 0.99, and = = 0.05.
The persistence parameter for the productivity process is p = 0.86.2° Parameters
A AL are chosen to match the annual standard deviation of GDP in the USA,
which is 2.8%.2" 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 in the USA: p = 0.63, Al (A7) /A" (AH) = 0.94 and A (AF) /A" (AL) =
0.71.28 The annual depreciation A\ = 0.78 is chosen to replicate the weighted average
life (WAL) for residential MBS of 54.5 months (Centorelli and Peristiani, 2012).
And finally the fraction of loans that can be sold is set to 6 = 0.75 to allow for the

switching between pooling and separating equilibrium over the business cycle.

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

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

26This corresponds to an autocorrelation of TFP shocks at the quarterly frequency of 0.95.

2T A similar approach is used in Nikolov (2012).

28For details see Appendix 7.3.
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Figure 4.1. Impulse responses
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Solution method: The fully stochastic model is solved using a global numerical
approximation method. In particular, I find the price and the value functions by

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

Impulse responses: Figure 4.1 shows how the economy behaves in a particular
episode of three periods in a state with high aggregate TFP followed by three periods
in a state with low aggregate TEFP. Then the productivity shocks are switched off and
the economy converges to the steady state.’® The point of this exercise is to show
the switch from separating equilibrium to pooling and back and its effects on output.
For comparison on the graph, I report impulse responses3! of the constrained model
under private information, with binding “skin in the game” and with an implicit
recourse provision as well as an unconstrained and 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 (w) 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.

29Details are in Appendix 7.4.

30In this case with a Markov chain for aggregate productivity, the steady state productivity A
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 is set to 50%.

31The impulse responses start from a steady state to which they converge after a long period
of zero-productivity shocks, i.e. aggregate productivity stays at the steady state productivity A.
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

-0.02

0.04 |

006

-0.08 -

recession gap

a1 1 1 1

duration of boom period

The figure demonstrates that, as the constrained economy moves to the boom
stage of the business cycle, the separating equilibrium changes to pooling equilib-
rium, i.e., the share of high quality projects (w) decreases, while w remains constant
in the first best case at 100%. The lower share of high quality projects in the con-
strained case slows slightly in the growth of output and the accumulation of capital
already in the boom, but the effect is small since in the boom stage, the difference
in the two qualities is rather small. However, the inefficiency in 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 following a boom stage
are much deeper in a constrained case.

Figure 4.2. shows the result directly following from the switching property of
the model—the fact that the longer the boom period is preceding the recession, the
larger the fraction is of low quality assets accumulated in the pooling equilibrium,
and the larger the difference in the depth of a recession is compared to the first-best

case (a recession gap).

32



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, 0)
has been taken as an exogenous parameter. In this chapter, I will sketch a simple
moral hazard problem, which would aim to justify the existence of this constraint.

Consider 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 a sufficiently large “skin in
the game” (1 — #), i.e., to finance a fraction 1 — 6 of funds in the project from their
own resources. The incentive compatible constraint then points down a sufficiently

high 0 that prevents this moral hazard problem??:

VP (wBR'| diverting funds) < VNP (wBR' | investing properly)

x
where return from diverting funds is R’ | diverting funds = (%) , with = 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 0¢“ < (1 — 6), which translates to

1
0 < :
T ¢ +1

(5.1)

Thus, the higher the sale price of loans ¢, the higher a “skin in the game” level
(1 —0) is required to prevent the mentioned moral hazard problem.

Note that in this version of the model I have two sources of asymmetric infor-
mation. The first is the potential diversion of resources needed to make investment
properly, which cannot be immediately observed. The “skin in the game” is found
to be an efficient tool to prevent this behavior, while the loss of reputation and
subsequent punishment are not so efficient. The second source of information asym-
metry is the unobserved allocation of investment opportunities among firms. In this
case according to Proposition 4 the “skin in the game” is not an efficient tool, while
reputation-based implicit support can 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

32Tt 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.
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equilibrium, remains unchanged.??

5.2 “Skin in the game” as a policy parameter

The “skin in the game” can be considered as a potential policy parameter. For
instance, Section 941 of the Dodd-Frank Reform already requires a minimum explicit
risk retention of 5%.

If, as in this model, the “skin in the game” is determined endogenously by a
moral hazard problem, and securitization is the only means of financial intermedia-
tion, policy which 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, higher "skin in the game" increases the profits from securitization and
lowers the aggregate quantity of investment (this follows from Proposition 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 qual-
ity projects (this holds both in the symmetric information case from Proposition
2 and under asymmetric information since pooling equilibrium is more likely see
Proposition 4 and Proposition 8). Therefore, both quantity as well as quality of
investment are lower with higher "skin in the game" than with the level of this
constraint determined by the market.

In contrast to some other models of securitization, such as Gorton and Pennacchi
(1995), my model does not feature continuous monitoring or effort level. T only have
an option of funds diversion, which is observed only with a time lag. At a high level
of abstraction, this can be understood as the analogy to costly monitoring in Gorton
and Pennacchi (1995), where the level of monitoring would take only two values (no
monitoring or full monitoring). This moral hazard problem indeed points down the
optimum level of "skin in the game". Given that everyone is rational, not only is
there no reason to increase the "skin in the game" above the level determined by
the equilibrium, but increasing it would have negative effects on the economy as
described above.3

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

33For the proof see Appendix 7.1.10. Also note that the assumption of the moral hazard problem
is absolutely essential since without it, the solution would be 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.

34Tt can be argued that this model is too simplistic to inform policy recommendations. That is
why I reproduce the above results in a richer framework with debt as well as deposit financing and
study the optimal mix of macro-prudential policy in Kuncl (2013).
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the mentioned regulation. However, those possible benefits can be outweighed by
the mentioned adverse general equilibrium effect especially when the regulation is

too excessive.

5.3 Adverse selection on re-sale markets

So far, we have considered the asymmetry of information between the originators of
securitized assets and buyers of these assets. In this section, I extend the asymmetry
of information to the re-sale market. In particular, I assume that the holder of the
asset can learn the quality of the underlying asset, while the buyer cannot. This
leads to a typical adverse selection on the re-sale market.

The new result in this paper comes from the interaction of the adverse selection
on re-sale markets with the switching between pooling and separating equilibria. The
severity of the adverse selection on the secondary markets depends on the difference
in qualities but as well on the share of low quality assets on the balance sheets.
Therefore, intuitively the adverse selection is more important in a recession than
in a boom. But also the longer the boom period is, which precedes the recession,
the larger the share is of low quality loans on the market and the more acute the
adverse selection issue becomes. If adverse selection is strong enough, securitized
loans of high quality stop being traded on the re-sale markets all together, which
further deepens the recession.

The motivation for including this section are the problems witnessed on the
securitization markets during the late 2000’s financial crisis.

The assumption of asymmetric information on re-sale markets has the following
impact on the model behavior. First, when an asset is re-sold, there is a unique price
that is independent on the quality of this asset ¢;. If an asset is not re-sold, the
owner who knows its quality will value high quality asset ¢! and low quality asset ¢,
but this is not the market price. Second, prices depend on the share of high quality

t.35 In every period, firms find out the quality of assets

assets on the re-sale marke
on their balance sheets and sell all low quality assets. Unlike original issuers in the
period when investment was made, they no longer have the technology to provide
implicit recourse. High assets on the market are sold only by firms with investment
opportunities who are in the need for liquidity.

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

T LWy
Tt (=) (=)

fth =

35See Appendix 7.1.11 for details.
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in the case of a separating equilibrium and

T+ (1—m)(1—w)

in the case of a pooling equilibrium.

fth =

If, due to the adverse selection, the price of assets on the re-sale market drops
low enough, even firms which sell assets due to liquidity reasons will stop selling
high quality assets. The price is so low that the return from taking advantage of the
investment opportunity would not compensate for the cost of selling a valuable asset

at a low market price. In a deterministic steady state, this situation takes place if:

R" — ORY
R'> ¢ ——
T g

where R" = 7', +Amugs +A (1= 7p0) gty and R = rf A mpgi +A (1 — i) g1
As shown in Appendix 7.1.11, this condition implies that the share of high quality

assets traded on the re-sale market has to be low enough to satisfy:

¢" -1
(¢"—¢)(1-6B)

If this conditions is satisfied, there will not be complete market shutdowns since

fh<1-

low quality assets would still be sold at a fair price, but the volume of sales would
greatly diminish by the absence of high quality assets, and the level of overall in-

vestment in the economy would also be significantly lower.

6 Conclusion

In this paper, I show that, in general, reputation concerns allow sponsors of securi-
tized products to signal the quality of securitized loans by providing implicit recourse
and thus they limit the problem of private information typical for securitization.
However, there are limits to the efficiency of these particular reputation-based tools,
which become more pronounced in boom stages of the business cycles. The level of
sufficiently high implicit recourse that would not be mimicked by firms with invest-
ment projects of lower quality exceed the level which can be credibly promised. In
the resulting pooling equilibrium, the information about the quality of loans is lost,
and investment allocation becomes more inefficient. Due to this mechanism, large
inefficiencies in the allocation of capital can be accumulated in the boom stage 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
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of the business cycle the deeper will be the fall of output in a subsequent recession.

The results of this paper also have implications for related macro-prudential pol-
icy, which requires higher explicit risk-retention ("skin in the game"). In this model,
such requirements restrict the supply of loans and, through the general equilibrium
effect, make securitization more profitable. As a result, this regulation lowers both
the quantity and the quality (higher likelihood of pooling equilibria) of investment
in the economy.

In an extension of the model, I also introduce asymmetric information on the re-
sale market for securitized loans. The model predicts an amplified adverse selection
in a recession, particularly if the recession is preceded by a long boom period. If
the adverse selection is severe enough, high quality securitized loans are no longer
traded at all.

The mechanism presented in this paper can contribute to the understanding of
the recent financial crisis as 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 and caused severe strain on the markets for securitized products. The paper

also points to some unexpected negative effects of the newly proposed regulation.
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7 Appendix

7.1 Proofs
7.1.1 First-best case

Due to logarithmic utility, firms always consume 1 — § fraction of their wealth:
¢ = (1=p)h(r"+X). 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 — ) H (r" + \).

From the market clearing condition, we know that [ =Y — C = Hr" — C. And
from the law of motion for capital, we know that in the steady state I = (1 — \) H.
Combining these two conditions, we obtain:

Hr" —C=(1-\H.

Substituting for aggregate consumption we get:

7.1.2 Proof of Proposition 1

In the first-best allocation, ¢" = 1. Should the “skin in the game” be binding,
q" > 1. Let’s consider the least restrictive case where still only the firm with access
to high quality loans is issuing credit and securitizes these loans, and the “skin in
the game” is not high enough to allow a firm with access to low quality investment
opportunities to profitably issue loans ¢' < 1.

Under the binding “skin in the game” constraint, the aggregate investment into
a higher quality project will be (obtained as an aggregation of eq. 3.4):

B (Hy ((A+ A" K~ 4 2qf) + Li (A + A K7 + Ag)))
(1—6q}) '
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:

i Al
qr
Et T;L+1+)\qil+1 Ti_‘_l'i‘)\%lg_t,_l - 1 (72)
Wit = + (1 — wyyq)
( " + ( t+1) p )
1 +)\ l
Ti41 T A4
T
q
E, : =1, (7.3)

h h 1 ]
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where w; is the share of high quality projects in the overall assets in the economyw; =
Hi/k,. The derivation of these conditions can be found in Appendix 7.2.
Finally, the goods market clearing condition has to hold, too:

Steady state conditions (7.1, a combination of 7.2 and 7.3, 7.4) in the steady
state become the following:

(1=2X) (1 — th) = 7up (T‘h + /\qh)
A Al
P
"= (1-X)+(1-p5) (rh+)\qh).
Combining these equations, we can obtain

(=A@ —7p)
(1 —=X)0+ mpuA

=

FESY =

Ky = GAR

[(1 )+ (1—ﬁ)>\(1—/\)(1—7w)] o

As long as ¢" = 1, we would obtain Ky = [ﬁ (% — )\ﬂ ot , which is the first-

best optimal level of capital (compared with (3.2)). If (1 — X) (1 —7u) > (1 —\) 0+
7u, then ¢" > 1. The deterministic steady state level of capital is then lower than
in the first-best case:

Ko (1—A)+<1—6>Aqﬂail< [(1—)\)+(1—5))\ =

ail
GAN BAN } =K.

7.1.3 Proof of Proposition 2

Proposition 2 claims that there are three possible types of steady states depend-
ing on the parameter values. In the proof of Proposition 1 above, I already described
the least restricted case, where only a firm with access to high quality projects will
be issuing and securitizing loans. By continuing to tighten the "skin in the game"
constraint, we will increase the price of the low quality asset to 1 (¢ = 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. Credit to
low quality projects counterweights the effect of tightening the "skin in the game"
constraint, and therefore, the price stays at the same levels (¢! = 1, ¢" = A"/AY).
For an interval of 6, there will be a steady state in which firms with access to low
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quality investment will play a mixed strategy when giving credit with probability
1. As 0 decreases ("skin in the game" rises), 1) increases all the way up to 1, where
a third type of steady state takes place. In this, firms with access to both high and
low quality projects will all be issuing credit and securitizing always.

Steady state conditions are the following:

(1=X)(1=0¢")w=mus (w (" + ") + (1 —w) (r' + A)) (7.6)

(1—=X) (1 — qu) (1—w)=m(l—pps (w (rh - )\qh) + (1 —w) (rl + )\ql)) (7.7)

Ah Al
¢ =1 (7.9)

wr'+ (1—w)r'=1=X)+1=8) (w("+ ")+ (1 —w) (F+A)). (7.10)

Let’s define
h !
_q q
and
D=wA"+ (1 —w) AL (7.12)

Using (7.11), (7.12) and combining equations (7.6), (7.7) and (7.8):

(1=XN)(1=0¢D) =m(u+¢ (1 —p)BD (K" + Aq)

(1= A) =7 (u+ 1 (1= ) BDK" = qD[(1 = \) 0+ 7 (u+1 (1 — ) BN].

(7.13)
We can also rewrite (7.10):
BDK* ' =1- X+ (1 - B) D). (7.14)
Combining (7.13) and (7.14), we get

(I=N0+m(u+v(l—p)AD
Substituting (7.15) back into (7.14), we get:
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1

B A=BAA-N(A—7(u+(1—p))) ] a—1
o (1= X) + =05 rmte 0 716
. 2 . (7.16)

The deterministic steady state is defined by:

(1-AN(1-0")w=muB (w (" + ")+ (1 —w)(r'+Ad")) (7.17)

(1-N(1-60¢")1-w)=ml—pB(w (" +A")+ (1 —w)(r'+Ad)) (7.18)

Al Al

i (7.19)

wr' + (1—w)rt =1 =X+ (1-8) (w("+ ") + (1 —w) (r+ 7)) . (7.20)
Using (7.11) and (7.12), and combining equations (7.17), (7.18), and (7.19):

(1=X) (1 —6gD) = 78D (K*" + Aq)

(1—-X) —7BDK* !t =¢qD|[(1—\)0+7B). (7.21)

We can also rewrite (7.20):
BDK*'=1-X+(1- ) Dqg. (7.22)
Combining (7.21) and (7.22), we get

1-N(1-7) 1

= —. 2
9B= TN G+mAD (7.23)
Substituting (7.23) back into (7.22), we get:
1 — \) 4+ U=AAA—N(=m) 7 &7
Ky = ( ) (—N)0+7x ' (7.24)

3D

The second part of the proposition claims that Ky > Ky > Kp.
To show this lets first focus on the within brackets part of the formulae for
capital:

Since in Case 1 ¢f; < 1, then ¢}y < %?. And since ¢}, = 1, then $=U-rletel=m)

(A=N)0+m(pute(1—p))A

%. The following inequality then holds:

44



A=AAA—NA=7m(p+y(1—p)))
e R P S (kN SRS S C k) SO SN Ul Vel € £ V2. R P

pAh AR BAL BDm pAl BD s

This implies that

1
e (=AAA-N (A= (utp(1—p) ] a1

(1=XN)+(1—=pB) Ay . (1= + ==t e

BAP BDy M-

Kpg =

Similarly, we can show that Kp > Kpg. Since wg < wp, then Dg < Dp. Also

! (1-N(1-7m)  Dp s impli
qdp > 1, then 00T > Al This implies that
R V1 e ) UV SRR W e S PPN BN I 1. Nl
BD BDm BAl BDp BAl BDp

B T prwr G Y A-Notmx
BD BDp

Ky =

(1— A) 4 G=2A0NO=rew0=m) 15T (g ) 4 G=BM1N0=m) ] 77
> = Kpg.

7.1.4 Proof of Proposition 3

Even when the “skin in the game” constraint is not binding enough to influence
aggregate quantities and prices, the capital and output levels are lower than in the
first-best case due to the inefficient allocation of capital. When the “skin in the
game” constraint is not binding, the average gross profit from one unit of invested
capital in the economy equals

1
F=pur" 4+ (1 —p)rt==—\

The level of capital Kp is determined by:

1 1 T [1 (/1 =
5= fram ()] <l ()] e

Suppose (1 —7) (1 = A) > wA + (1 — \) 0, in which case the "skin in the game"
constraint starts to bind in this case of private information. The deterministic steady
state conditions then collapse into the two following equations in (K, q):

(1=X) (1=0q) =B (" + (1 — p)r' + Aq)

prt 4 (1= ) = (1= X+ (1= ) (' + (1= ) + Ag)

where ¢ = ug" + (1 — p) ¢. From this we can easily derive:
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(I—m)(1—=2X)

1= 1-N0 (7.25)

(1=N+(1—-B)Ag]=T
B (pAr + (1 = p)A)

In the proof of Proposition 1 and 2, we already proved that Kpg > Ky > Ky >
Kp. To prove Proposition 3, it suffices to prove that K > K, ivate; Where K ivate
is the level of capital under private information about the allocation of investment
opportunities. To obtain Kp > Kpyipate, We need:

K =

Kt < Ko,

private’

(1=p)A0-N(1-m) (1=p)A0-N(1-m)
(1 o )‘) + (1=X)6+7X (1 o )‘) + (1=X)0+7X

BA +(1—w) A~ BBAA + (1= A

w > 1.
Writing equations (7.17) and (7.18) into a ratio, we obtain:

(1-XN(1-6¢")w _ B (w (r" + Ag") + (1 —w) (r' + M)
(1-=XN)1=0¢")(1-w) 7(1—p)B(w"+Ag")+ (1 —w)(r'+Ag"))

Since ¢" > ¢!, we can obtain:

w (1-0¢) n _

I-w) (@=0¢")(1—p)  (1—p)
and this implies that w > pu.

7.1.5 Proof of proposition 4

Under the private information case, firms with low quality investment opportu-
nities prefer to buy high quality loans rather than to mimic firms with high quality
investment opportunities if:

R | mimicking < R |buyinghighloans,

rt + ¢ "+ A"
179qh < h )
-0 q
1-0q" _ r+Xr" ¢
- - L — = = =
1 — 0" o+ A\ ¢’
1 —64q"
!
< .
1 1-0

Al

Substituting for ¢ from (7.5) and using ‘2—: = or, we get
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A () (-0 (- 8)
A TuA+ (1= N) O

7.1.6 Credibility of the trigger punishment strategy

A necessary condition for the existence of the reputation equilibrium in which
implicit recourse is being provided is the credibility of the punishment rule. The
saving firm, which observes default on the implicit recourse, has to be prefer punish-
ing the defaulting firm rather than non-punishing the defaulting firm, even ex-post.
This is expressed in condition (3.12). I will derive analytically both elements of that
inequality in the case of the separating deterministic steady state, where the level
of aggregate TFP is constant. In the fully stochastic version, this can be solved
numerically. Following the same steps as in Appendix 7.1.9, we can find that the
value function of the firm that always punished, and therefore has a reputation of
being a “tough investor”, is:

p, \ log[(l—pB)w] Plog(B) 5
L e N TR KA TR

and the value function of the firm that failed to punish and therefore lost repu-
tation of being a “tough investor” is:

5 (71'/1 log (Rh’IR> + (1 — ) log (Rs)> )

_log[(1—pB)w]  PBlog(B) B
T8 a-pra-p

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
provide implicit support to this firm anymore. So when a firm without the reputation
of being a “tough investor” buys assets with implicit support issued in the primary
“’j—éq". While firms with a “tough investors” reputation

VN () 5 <7T,u log <Rh’1R) + (1 —7p)log (RS’NP)) .

market, its return is RV =

G h
have a return of RsNP = ="

. If firms without a “tough investors” reputation buy
assets without implicit recourse on the secondary (re-sale) markets, they are also in
a disadvantageous position. When firms with a “tough investors” reputation sell high
quality assets to firms with a reputation, they charge a market price ¢". However, if
firms without the reputation have the outside option of only buying on the primary
market, they will be willing to buy a high quality asset even for the price ¢“. The
price for which a high quality asset is sold on the secondary market to the firms
without a reputation is somewhere on the interval ¢»N* ¢ (qh, qG) , depending on
the bargaining power of sellers and buyers. Unless all bargaining power is on the
side of firms without reputation, then ¢V* > ¢". This implies that RN < R,
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
assumption, it can be shown that for a large set of parameter space and relative
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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
that is relevant for the ICC for non-defaulting, eq. 3.11). Other firms decide whether
to punish this firm and face lower returns in the future R*™* 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 ¢V < ¢", giving it a return RS%N > R,
However, those benefits from renegotiation are limited by the fact that the defaulted
firm would be selling the assets only with probability 7, 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

R* > mu RSN 4+ (1 — wp) RSN,

RNP _h,RN
b

This depends on prices ¢", q q , which themselves depend upon the rel-
ative bargaining power of different agents in the economy.

7.1.7 Proof of proposition 5

I claimed that if the implicit recourse would be credible, the optimal level of
promise would mean ¢/ = 1 and therefore zero profit for securitizing firms. The
relevant F.O.C. can be transformed in the following way:

Let’s consider F.O.C. for firms with high quality investment opportunities. The

remaining would not invest at all.

oVAND OVND" 9 (w' — cir)

o 9 (w' — cir') or¢ =0

VNP9 (1—0)pw (17 + M) — 0w (r€ —r7) 0
J(w' — cir’) or¢ 1 —6q¢ ’
VNP9 Pw (1 + A =0 (Y + ) 0

d (w' — cir’) or¢ 1 —0q¢% '

After substituting in this case with constant aggregate productivity ¢%7 =
TG/—i-)\qj

T g ¢’, this condition implies that

gUND g Bw (17 + Ag) (1 — 0%)

, =0,
J (w' — cir’) or¢ 1 —0qgC7
and since 8&‘{5;,) > 0, agfg’j > 0, the above condition simplifies to

G
9 (1_0%>_ 0 (¢ —1)
g% 1 —0¢%7 i (1 — 0gG)?
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This implies ¢/ = 1.

Note that for when the level of ¢ satisfies this condition, the return from in-
vesting and securitizing is equal to the return from investing but not securitizing,
i.e., securitization does not increase the return:

R | investing & securitizing = R |investing
(T + A7 =0 (% +Xg7)) 17+ AP
rC+Agd s - ’
1= 05555 L

When you substitute in the above condition ¢ = 1, the condition is exactly
satisfied for all parameter values.

7.1.8 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 indepen-
dent of the the level of aggregate productivity A. This means that variables B and
¢" should be independent of the level of aggregate productivity A.

Under separation, steady state conditions are the following:

(1= N (1= 04" = muB (" + ") | (7.26)
= (1= N+ (1= B) (" + A, (7.27)
G A h A Ah Ka—l A h
% _ (A )qh T (7.28)
VND (W' — cir’) = VP (w') . (7.29)

Using the following property given by the logarithmic utility function:

V(w) = log((1—p)w)+pBlog((1—pB)BRw)+ B?log ((1—p)B*R*w) + 5 log (1 - B) B7R*w) ...

= 3 iﬁ log (w) +log (1 — ) + Blog (1 = B) BR) + % log (1 — B) B2R?) + 5% log ((1 = 8) B°R?) ..
= liﬁlog(wwvu),

we can transform the no-default condition expressed in (7.29) in the following way:

N (1—=6)(r"+xq")\ 1 (1—0) (rh + Agh)
vP (w) = vyb <wﬁ(1_0qc)> —yD (w)+ l—ﬂIOg <ﬁ (l—GqG)

e 1=0 (30— 25 (5 =)
v = (wﬁ (1—0q%)
_ ND o, (1-9) (Th’—l—)\qh - (TG_rh)>
IR (1—0q%) ‘
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For simplicity, let’s express the value functions separately from individual wealth
in the following way, which is easy to do given the log utility:V (w) = V (1) +
ﬁ log (w). We also can find solutions for value functions with wealth normalized
to unity, which we can denote simply as V' =V (1) .

VNP = log (1= B)+ B (nruV NP (BRMR) 4w (1= ) VNP (BR') + (1 = m) VP (8R?))

h,IR l z
= 10g(15)+ﬂ<71wg£€)+ﬂ(1u)bgl;(_ﬁij)Jr(lﬂ)bgl(_ﬂ];)JrVND)

= 10g1(17*6/3) + ,(Bllo_géf;) + 1 _/8/8)2 (7T;L log (Rh’1R> + (1 — p)log (Rl> + (1 —m)log (Rz)) .

VP = tog(1=B)+ B (ruv? (BRMP) 47 (1= VP (BR') + (1 - m) VP (BRY))
mlo h.D lo ! o .
- log(l_fB”ﬁ(u?(_ﬁg)Jrﬂ(l—u) Si(_m;)Jr(l—ﬂ)l"gl(_m;)Jer>

= lOgl(iTB/B) + (Bllo_gé?;) + B _/85)2 (ﬂ'u log (Rh’D> + 7 (1 — p)log <Rl) + (1 —m)log (Rz)> .

Substituting the above derived conditions into the no-default condition (7.29)
and canceling the terms equal for both value functions, we obtain:

log <B (1-90) (T‘h + A" — % <rG - rh)>>+1/8jlf8 log <Rh’IR) =log (B (1-20) (rh + )\qh>>+1’8_% log (Rh’D> ,

where LHS shows the utility from consumption when wealth is reduced by repay-
ment of implicit recourse and from the future discounted 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 (7.28) and substituting for
the returns:

. rh+)\qh 79(1"G+)\qh) _ 5”# ) Rh,IR
E\TA0) (1 adh) - T1-8° (RW)
e (L0 )
1-8° (1 64%) (" + Aqh)

B ) A" -0 (T’G + )\qh)
1-8 o8 rh + Xgh — Ogh (rG + Agh) |
Now let’s denote the price premium for the equilibrium implicit guarantee B =
G G h .
— A then we can express the above equation as follows:

q - rh—i-)\qh’
1-60B\  pBmu 1 —6Bqg"
log<1_9) = 1_510g(1_93 : (7.30)

which is an equation in two unknown endogenous variables (B,qh) depending on
time preference parameters J and parameters defining the strength of the financing
frictions (7, p, ).

s

>
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We can express a second steady state condition in two endogenous variables
(B,¢") combining two remaining conditions for the steady state (7.26, 7.27):

(1=N) (1 =0B¢") =mu (1 =X+ Ad"). (7.31)

Combining the two equations (7.30, 7.31), we can obtain the solution to both the
price of the high-quality asset ¢" and the price premium for the equilibrium implicit
guarantee B. Crucially, the solution does not depend on the level of aggregate
productivity A, which is one step we needed to show to complete the proof of
Proposition 8.

The second step is to derive (3.14) from (3.13). Note that in the separating
equilibrium, selected by the Intuitive Criterion, mimicking firms with access to low
quality projects would find optimal to default on implicit recourse since in a sepa-
ration equilibrium, r&* > rfered,s.

Similarly as with condition 7.29, we can transform the following condition for

separation (3.13):

VH (mimicking & default) < V' (buying high loans)

_ ! ! h h
log (ﬁ(l (191 (;qGJS al )> + 1ﬂ7_wﬁ log (R™P) < log (ﬁ(r:h)\q)> + Brplog (R™1H)

B (th”"‘f) < log <( (1—0g"1) (" + Aq")>

1-8 RMD i) (1-60) ¢

1—6Bg" 1—6Bg"
B log( 0 q) < 10g<(q)qz>.

1-3 1-0B (1-0)

Using (7.30) and the preceding transformations, we can replace LHS to get:

1-6B (1-0Bq")
ox (1) < e (u—mq)

! 1 —60Bq"
1-6B °

q (7.32)

If we divide (7.32) by ¢" and substitute the ratio of prices by the steady state
asset market clearing condition 4"/¢» = A'/¢t, then we obtain:

A (1-60B)¢"
AT 1 0Bg
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’s first rewrite the denominator of (3.5)
using (7.5), which says:

(1—9qh) (1—)\):7w(1—)\—|-)\qh),

to obtain
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A (1= (1- )
Al g W[L(l(l_—hAﬂL/\).

Similarly, let’s rewrite the denominator of (3.14) using (7.31) to obtain:

A_h> (1—-6B)(1—))
Al Wu(ltz_—hA—i—/\)

We can show that

1—A 1-0)(1—AX
= ( ) ( ) | noimplicit recourse >

TH T (1;—;3‘ + )\)

(1-6B)(1—2\)
T (17’\ + /\>

qh

| implicit recourse

because the price premium for implicit recourse B is, by definition, higher than
one, and ¢" | noimplicit recourse > q" | implicit recourse. The latter comes di-

rectly from comparing (7.5) and (7.31), which when combined give:

1— X+ A" 1— X+ )\

no implicit recourse = —————— | implicit recourse.
o |0 T—gBg | P

Further, this can be satisfied only if ¢" | noimplicit recourse > ¢" | implicit recourse.

7.1.9 Other derivations from sub-chapter 3.4.3

Conditions for the minimum level of implicit recourse needed for sep-
aration G\ipsep:

At Ginsep, firms with low quality investments are indifferent between mimicking
and separating:

VY| mimicking & default = V| buying high loans
log (5 (1 zlez (Hrql(;; Afﬂ)) + Brplog (Rh,D) ~ log (ﬂ (r" j;hkqh)> \ Brpilog (Rh,IR)
—Brplog (T_i"‘”) = log (Wd) . (7.33)
Combining (7.33) with the following equilibrium investment condition
(1= A) (1 = 0Bping") = 7 (1 — A+ A¢"), (7.34)
where B, = ‘;—f = (A+Gm:;j2\§:71+’\qh, gives {Gminsep7 q", Bmm} .

Conditions for a unique pooling equilibrium:

52



l .
cred,p 1

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

A necessary condition for firms to have incentives to increase G above G s:

aVND avND aRhJR
oG~ oRME g0 7

. A1/ N D .
Since g}‘{w > 0, this becomes:

ORI o (o (C =) M) -0
or¢ or¢ 1 0(MGHPM)T")+/\(uqh+(1*u)ql) L '
- g q

In taking the derivative, we obtain:

Coget [ g A=) A A (" + (- )
rh 4+ \g" q

Oug"K*' ( 0 G h h
it e -7 _ 1
s r 1_0(r 7“)+/\q (1-6) > 0

0
h_ G _ . h hY (1 _ h h h_ G N
<r T (r r >—|—)\q >(1 0)pg" > 1+ A e(m +(1 u)r)
A (pa" + (1= ) ') "
(uqh - 1) (’I“h + )\qh> > 0¢" (n—1) (rl + )\ql> . (7.35)
As long as (pg" — 1) > 0, the condition (7.35) always holds since y < 1. When
(,uqh — 1) < 0, then we get

¢" (1 —p)

"+ A") <0
"+ 2d) (1 = pg")

(r'+Ad'),
which is not satisfied if:

h h(1 _
A M)’
AT (1= pgh)

or when rewritten:

1 — 04
¢"—0q"

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.

7.1.10 Endogenizing the “skin in the game”

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

First, we have to check whether firms have the incentive to provide implicit
support. The check is equivalent to the proof of Proposition 5 as discussed in
chapter 7.1.7 and which boils down to show that

g% . .
0 (1_9f1j>: (¢ —1) OQQG’J>O
0qGI 1 — 0qGd ¢ (11— QqGJ)2 0qGI —
Since %@qqs;é = 6;2;’], qgiil = (qG’jlﬂ)? > 0, the above condition corresponds again

to ¢/ > 1. This means that in equilibrium, implicit recourse will be provided.

Given (5.1), the separating equilibrium in the deterministic steady state is de-
fined by:

1-6B\  pBrp 1—0¢"B
10g(1_9> = 1_ﬁlog(1_03 : (7.36)

(1—/\)(1—93qh) = Wﬂ(l—)\-i—/\qh)

log(l—QB) _ PBmp log(l—eqhB)

-0 -3 1-0B
1

Bgh+1

Which simplifies into two equations, which are independent on the level of TFP

A:

(1- ) (;> — (L= A4

Bg"+1

oo (B =D +1Y B ( 1 )
o8 Bq" T 1-8 P\Br-n+1)

The conditions for the existence of a separating equilibrium (3.14) becomes:

Ah
W>qh(B(qh—1)+1).

7.1.11 Adverse selection on re-sale markets

We derive the pricing conditions from the F.O.C. of saving firms. In the case of
a separating equilibrium, they are the following. The value of a high quality asset ¢

54



reflects the expected gross profit next period and the value of the asset next period,
which is qt"+1 if the firm has no investment opportunities and keeps the asset on the
balance sheet, or ¢, if the firms has an investment opportunity and sells the asset:

P { 1 rf + Ampgl + A (1= 7p) qtﬂl] .

t | = == 1.
Sl qr

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
re-sale market.

1 7l + g
E, {: t+1 l L g
St41 4y
The price of the newly issued asset with implicit support in a separating equi-
librium and the price of an asset sold on the re-sale market satisfy the following:

5, 1 ordy + M (mpgi oy + N1 —7p) glyy) .,
S+l q¢ ’
g, | L Jtrte (U= f8) g + M (gt + A0 =70 gn) A= S diva | _y
Bt a '
where
G s h,.h h\ ,.l s
= rip + A firt + (L= f) ris + 2
S+l = ItH_liGH_l + )\Kt[(ﬂ',u + (1 — 7Tu) (1 — wt)) totrl ( z ) t+1 t+1
b a4
h s h
T, AT +A(1—-7
(1 - ) wy t+1 Mqt—th ( 1) Qt—i-l].
t

Also note that ¢ = thqf + (1 — fth) qi.

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:
RM — ORC

1—0q¢¢ 7
where R = ry +Ampugiyy +A (1 — mp) g4y, and R = v+ Ampgi +A (1= 7p) gy

Rh > ¢*

This can be transformed as follows:

R"—0¢"R¢ > ¢°R"—0¢°R¢
Rh (1 _ q9> > QRG (qh o qs) )
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Substituting ¢* = f"¢" + (1 — fh) ¢', and B = E°/rr we get

1_thh_(1_fh)ql > QB(l—fh) (qh_ql)

1 — h h
T _f fZ > 0B¢"+(1-6B)q
(¢ —q")(1-6B) > 6B¢" —1+(1-6B)¢
h qh—l
o< 1-

(" —q¢)(1—-6B)

7.2 Derivation of firms’ policy functions

In this chapter, I will derive in detail the policy functions of firms in the most
general case. It is convenient to rewrite the firm’s problem characterized in sub-
chapter 3.1.3 in a recursive formulation:

VNP (5w —cir;§) = « (uVND’h (5w —cir; §) + (1 — p) VNP (5,0 — cir; S’))
+ 1 =7 VNP2 (5w — cir; §),
VP (5,w;8) = w (VP (5,w8) + (1= ) VP (5,039) ) + (1= m) VD= (5,03 9),
VNDE (50;,8) = max llog (¢)

c,i,{a; }jth/YZS/Y,,.G/
+BE [max <VND (5/, w' — cir'; 5'/) 7VD (5/,w/; S'))]},

v Dk (5,w;8) = . max [log (c) + BEVP (5, w'; 5'/)] ,
c,l,{a;}j,hs’,ls’

subject to the budget constraints that take the following form for investing firms
for which the “skin in the game” constraint is binding:

1 - 0qf . : .
Ci,t+((1_05t)hi7t+1 +eiry = Z Qi jt (Tft + )\qjﬂg) —|—h§t(rf+)\qth)—&—lft(ri—&—)\qi) Vi € HiNZy,
JETLi 1
(1—0q5) - G S (. By 1 1S (1 N
Cit+ Wli,ﬂ-l ‘o = Z Qi gt (Tj,t + qu‘7t) +hy (ry + Mg )+ (r+ Aqy) Vi € LiNT.

JELt 1

The incentive compatible constraints, which have to be satisfied in equilibrium
for reputation-based implicit recourse to exist, are the following:

yND (E,w—cz"r’;g) > yP (E,w;S),
VP (585) > VNP (505)
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where VNP VP VP and VNP are the value functions if the firm never defaulted,
defaulted, always punished a default on implicit recourse and failed to punished,
respectively.

From first-order conditions, we can obtain the following Euler equations in cases
where the “skin in the game” is binding for all investing firms:

G i
i + Agj : .
B Cit T z qj,t+1 _ 1vieS. Ve, (7'37)
Cit+1 4jt ]
Cie Tho+ At
Ey {B L EE = 1Vie S, (7.38)
Cit4+1 qt _
Cit Tllf 1+ Agllf 1]
E, | f——-" = 1vies, (7.39)
7
Cit+1 qy i
h h
Cit Tipr T AGY .
E = 1Vie H,NT, 7.40
¢ /BCi7t+1 (1-9(]?) v t t ( )
1-9) J
Ly ﬁcl : H(ifgqc,zs%l = 1Vie L;NI. (7.41)
i (1—;) J

I guess and verify that all investing firms provide the same level of implicit
support 7%, = rf, Vj € I, (see discussion in chapter 3.3. for details). Then, I
guess and verify that policy functions have the following form.

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

cit=(1-0) ( Z Qi j+ (r%t + /\qj,t> + hft (rf + )\qf) + l,ft (7",1f + )\qi)) V4.

JELi—1
Under binding "skin in the game", firms with access to high quality investment
opportunities H; invest all of the non-consumed part of wealth into new projects

and sell the maximum fraction of investment 6 to saving firms:

Nig1 =
B(Lieny aisa (18 + Aie) + g, (4 Adlt) + 15, (rf + 2dh) )
Gipttl = (1-04C,)
g

Vi € He N1y,

li,t+1 == O VZ € %t N It.

In the pooling equilibrium, firms with access to low quality investment opportu-

nities £; also invest all of the non-consumed part of wealth into new projects, and if
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the “skin in the game” constraint is binding, they sell the maximum fraction of the

investment 6 to saving firms:

ligy1 =
B (Cez . asae (1% + Aaze) + 08, (r +2af) + 15, (rh+ 0dh) )
Aigt+1 = (1045, 1Vie LN,
(1-9)

hi,t-ﬁ-l = 0 \V/'l € ﬁt N It-

If the economy is in a separating equilibrium, the intersection £; NZ; = O is
an empty set, and firms with access to low quality investment opportunities £, are
not investing into new projects, but rather are buying securitized assets from other
firms £, C ;.

Saving firms S; are in equilibrium indifferent between investing into 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:

"B ( ez, aiae (1% + Az ) + S, (r + 2af) + 15, (1} + Adf) )

hi,t+1 — h VZ € St7
a4
¢ (Syen, ave (15 + M) + B, (e 4 Ad) 15, (rf  2))
li7t+1 = i Vi € St,
4y
h£t+1 = Z Qg 5 t4+1
JEHNTL;
"B (Lyez,, aiga (18 + Adia) + 1S, (rf + Agf) +15, (rf + 2d)))
_ e Vi € St,
4q;
ltlj,-l = Z Qg,5,t+1
JELNT:
(P8 (Syezy e (18 + Adie) + b5, (rf + Aaf) +85, (rh + Adh) )
_ e Vi € St,
q;

The consumption of the firms in the following period depends on the return from

their investment:
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Cigr1 = (1—0) [h’lst-‘r (Tt+1 + )‘Qt—H) + lz 41 (73[5+1 + >\q1{+1)
+hl ( Gh Aqm) +1h, (rm + Aqm)} Vies,

Cigr1 = (1-0) (hi,t—i-l (Tt+1 + )\qt+1)) Vi € Hy N1y,

Cit+1 = (1 - 5) (li,t+1 (Tllerl + /\qu)) Vi € Et ﬂIt

Using these guesses and substituting in (7.40) and (7.41), we can see that these
conditions always hold.

The remaining Euler equations (7.38), (7.39), and (7.37) after substitutions, can
be rewritten into:

— h ho -
re A

h

q
E|——| =1
Sit41

i L -
Tip1tAG

!

q: o
B |——| =1,
—t+1

rC g
—a

E | —C—| =1

—_ )
Sit41

hS T +>‘qt+1 18 The1 T A4 hP Tth#’lL+>‘q7}:1+1 p rzcil1+>‘qml:+1
=< af +¢ q +¢ P ¢ @
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.

where =1 =

AH, = ¢hSg Z ( Z ajt (Tft + qu7t> + hft (Tf + )\qf) + lft (Tﬁ + Aqi))

1€ESE \JELt_1

ALy = (%BY ( S i (18 4+ Aag) + b (e 2dl) 415, (rh+ Aqi))

i€Sy \JELt_1

BZiEHmL (Zjezt_l i, gt (Tft + qui) + hit (T? + /\qth) + l;',S:t (Twlt + Aqi))
(1 - 6qf)
¢hP ZiESt <Zjelt,1 Qi gyt ( + Agj, t) + hft (rt + Ag; ) ""l (Té + qul:))

af’

0
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B secinz, (yez, aiae (r8y+2ai0) + 85, (4 Aaf) +15, (v} + 2dh) )
(1—0qf)
CF Sies, (Tyezi_y aiie (18 +Adie) + 5, (rf +Agh) +15, (rf + 2ah) )

af’

And the goods market clears, too: Y; = C; + I;.

7.3 Calibration of the parameters used in chapter 4

In chapter 4, T explain the choice of most of the model parameters. Here I would
like to specifically comments on the choice of the share of high quality investment
opportunities p and the dispersion of the type-specific component of high and low
quality projects in the two states Al (A7) /AP (AT), A (AF) /AP (AL).

I choose these parameters to replicate the performance (delinquency rates) of
securitized assets, which has been at the core of recent debates over the efficiency
of securitization—subprime residential mortgage backed securities. Demyanyk and
Van Hemert (2011) study the delinquency rates of subprime mortgage loans. In
Figure 7.1, which is taken from Demyanyk and Van Hemert (2011), they report
the actual delinquency rates of these loans in the left panel and in the right panel
the delinquency rates adjusted by the 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 presented in this paper. As you
can see in the left panel of the Figure 7.2, the U.S. emerged from a recession in
2003, and in 2004, the output again reached its potential. The model predicts that
as the economy moves to the boom stage of a business cycle, the equilibrium in
the signaling game becomes pooling, and as a consequence, low quality loans start
to be financed. As shown in the right panel of the Figure 7.1, the boom period
of 2004-2007 is associated with lower quality loans, and the economic downturn of
2001-2003 is associated with higher quality loans.

I used the reported delinquency rates by Demyanyk and Van Hemert (2011) to
calibrate the model parameters.?® I particularly I want to match the delinquency
rate of high quality loans after 12 months in the low state to the delinquency of
the 2001 vintage, which is 12.5%; the delinquency rate of high quality loans after
12 months in the high state to the average of the delinquency of the 2002 and 2003

vintage which is approx. 7%; the delinquency rate of a mix of high and low quality

36The model presented in this paper does not model loan repayments explicitly. If I assume that
a delinquent fraction of loans/projects do not generate cash-flows in the current period, then I can
compute the ratio of gross profits in the two types of projects.
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loans after 12 months in the high state to the delinquency of the 2005 vintage, which
is 9.5%; and the delinquency rate of the mix of high and low quality loans after 12
months in the low state to the delinquency of the 2007 vintage, which is 22.5%. This
gives me: Al (Af) /AP (A®) =0.94 and A' (AF) /AM (AL) =0.71.

Calibration of the share of high quality investment opportunities p is more com-
plicated since I do not have disaggregated data for the USA. However, assuming
the growth in the volume of subprime mortgage loans between 2003 and 2004 was
driven mainly by the entry of firms with access to low quality loans into the market,
we would obtain ;1 = 0.6. Since this estimate is rather rough, I use loan level data
from Moody’s PDS database for the UK. When we compare the delinquency rates
of the collateral of the RMBS in the period with the lowest output gap, i.e., in
period 2009q3 for loans issued in previous boom stages of the business cycle, i.e.,
in 200593-2008q1 (left panel) with those of loans issued in previous recessions, i.e.,
in periods 2001Q3-2003Q2 and 2004Q3-2005Q2, we find a significant difference. In
particular, it seems that we can distinguish in the subset of RMBS issued in the
boom period two groups relatively clear cut. One has very low delinquency rates
(below 4%) and the other has, at times, much higher delinquency rates. When I
use the threshold delinquency rate of 4% to identify high and low quality assets
and combine the reported frequency with volumes, I find the share of high quality
investment opportunities y = 0.63. This is approximately consistent with my initial

guess for the subprime mortgage loans in the USA, so I use this arameter level.

7.4 Numerical solutions of the fully stochastic dynamic model

To solve the fully stochastic dynamic model, I use global numerical approxima-
tion methods. Since, depending on the state variables, the economy is switching
between separating and pooling equilibria, I am using global approximation meth-
ods. In particular, I look for the values of the following functions:

Qi—b - Pl (At7 Ktawt)
qi = I (Aty Ktawt)
VAP P = I's (At, Ktth)

I construct a grid for the three aggregate states A, K, and w and start with
a guess equal to steady-state values. Then, I iterate using a set of equilibrium
conditions to find the updated values of (I';,I'y,T'3) until the updated values are
close to previous guesses:

61



Figure 7.1. Actual and adjusted delinquency rates for subprime mortgages by De-
myanyk and Van Hemert (2011)

Actual Delinquency Rate (%) Adjusted Delinquency Rate (%)
25 m— 2007 d
—— 2006 T
=mimim 2005 -
200 o= 200 L anr
7w 2003 e 2003 2
e 2002 — 2002
——= 2001 151 _—.. 2001
104
5
T T T T T T T T T T T T T T T Oi T T T T T T T T T T T T T T T
3456 7 8 9 101 12 13 14 15 16 17 3 4 5 6 7 8 9 101112 13 14 15 16 17
Loan Age (Months) Loan Age (Months)

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 7.2. Log of the output gap in the USA (left panel) and the UK (right panel)

Note: Data are from Eurostat for the UK and from FRED (St.Louis FED) for the USA. I construct the output gap
using the Hodrick-Prescott filter with the smoothing parameter 1600.

62



Figure 7.3. Histograms of delinquency rates for collateral of the RMBS issued in

the UK in 2009q3 for loans issued in the boom (left panel) and for loans issued in
the bust (right panel)
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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 RMBS issued in recessions in periods 2001Q3-2003Q2
and 2004Q3-2005Q2.

g Giter) — gl Giter — 1) | + | ¢ (iter) — g iter — 1) |
+ | VNP (iter) — VNP (iter — 1) | + | VP (iter) — VP (iter — 1) | < e.

During iteration at each point on the grid, it is evaluated whether the economy

is in a separating or pooling equilibrium. The values of (I';,I's,I'3) out of the grid
are obtained by trilinear interpolation.
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