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Abstract

Securitization was heavily criticized after the late 2000’s financial crisis mainly
due to several related agency problems which stem from the asymmetry of infor-
mation about the quality of securitized loans between the issuers of securitized
products and their final buyers. However, these problems were not new. Securi-
tization design in practice embedded tools that were supposed to alleviate these
problems such as tranche retention schemes or implicit recourse. In this theoreti-
cal model T show that the mentioned tools in particular reputation based implicit
recourse can be efficient, signaling can result in a separating equilibrium where
the loan quality is fully revealed. However, in boom stages of the business cycle,
which are characterized by empirically documented lower variability in loan qual-
ity, separating equilibrium does not exist. In boom periods information on loan
quality remains private and lower quality loans accumulate on the balance sheets.

This deepens the subsequent downturn.
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1 Introduction

Securitization recently attracted a lot of criticism due to its role in the late 2000’s finan-
cial crisis (e.g. Bernanke 2010). Securitization and in general a market-based system of
financial intermediation significantly grew in importance in the decades preceding the
crisis (Adrian and Shin 2009). The late 2000’s financial crisis led to intensified research
into the problematic aspects of securitization. New research is often very critical about
securitization such as Shleifer and Vishny (2010), who argue that securitization creates
systemic risk and inefficiencies in financial intermediation. Currently regulation of the
financial sector including securitization practices is being redrafted and strengthened
on national as well as international level. The agency problems related to securitization
to which most of the criticism points are, however, not new and securitization design
contained tools such as tranche retention schemes or implicit recourse that were sup-
posed to limit these negative aspects of securitization. The question is whether these
tools were efficient in the period before the 2000’s financial crisis.

In this paper I show that in reputation concerns can allow sponsors of securitized
products to credibly signal the quality of the loans by providing implicit recourse and
thus limit the problem of private information. Implicit recourse is an implicit support
provided by the issuer of securitized products to the holders of these assets. This sup-
port is not contractual and is enforced in a reputation equilibrium?®. Typically there are
both pooling ans separating equilibria in this signaling game, from which 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 efficient. However,
there are limits to the degree of commitment based on reputation and therefore also
to the efficiency of implicit recourse in eliminating the problem of asymmetric informa-
tion. Following the empirical evidence in Bloom (2009) and Bloom et al. (2011) who
find that second moments of firms” TFP in the economy are countercyclical, in this
model the relative difference in the projects’ (loans’) productivity is also countercycli-
cal. As a result it turns out that even though in the steady state provision of implicit
recourse helps to achieve a separating equilibrium, in boom stages of business cycle
separation equilibrium would require too high implicit recourse which cannot be en-
forced 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

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



and the allocation of investment is inefficient. This has only very moderate effects as
long as the economy stays in the boom, where relative difference in loans productivity
is low. But the accumulated inefficiency becomes more pronounced in the subsequent
downturn of the economy, which is thus amplified. Also the longer is the boom, the
larger is the share of lower quality loans on the balance sheets and the deeper will be
the subsequent downturn.

The paper is organized in the following way. Chapter 2 reviews the related lit-
erature especially literature on securitization and implicit recourse and literature on
imperfections in financial intermediation, information frictions and their implications
for the dynamics over the business cycle. Chapter 3 introduces the set-up of the model
and then separately deals with cases where implicit recourse is not available and when
firms can and do provide implicit recourse in equilibrium. The chapter shows the basic
behavior of the model, the effect of assumed financial frictions and the effect of implicit
recourse. For analytical tractability this chapter focuses on steady state with only id-
iosyncratic stochasticity and where the aggregate variables turn out to be deterministic.
The chapter 4 shows the results of the full-fledged model with aggregate stochasticity
and focuses on the switching between the separating and pooling equilibria over the

business cycle.

2 Literature review

My research is broadly related to several strands of research. 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 sep-
arated 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 the 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 how to disperse credit risk and allocate 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 of securitization played
in the late 2000’s 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 Pennachi (1995) were among the first to point to moral hazard prob-
lems 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 the 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 Pennachi (1995)
argue that before the 1980s securitization was very limited. In the 1980s several reg-
ulatory changes took place that effectively increased the cost of deposit funding. One
key factor was the imposition of a binding credit requirement for commercial banks.?
Banks could avoid increased capital requirements by securitization, which moved some
of the risky assets off their balance sheet. This view that an important reason for
securitization is regulatory arbitrage is shared by many economists (e.g. Gorton and
Pennachi 1995, Gertler and Kiyotaki 2010, Gorton and Metrick 2010). Calorimis and
Mason (2004) present some evidence suggesting regulatory arbitrage is effectuated by
securitizing banks rather to increase efficiency of contracting in the situation where cap-
ital requirements are unreasonably high than to abuse the safety net. The moral hazard
problems and agency problems in general were then alleviated by the practice of keep-
ing part of the loan in the portfolio on the balance sheet of the originator. Fender and
Mitchel (2009) study different tranche retention design and their effect on incentives.
But 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 have thus 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

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

24In 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)



to abide to regulations and the loan would have 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 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, waiving servicing fee, etc. 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 investors that shocks that made recourse necessary are only transitory.

Another example showing that the risks were not fully transferred during securiti-
zation to the SPV is given by Brunnermeier (2009), who argues that when the SPV
was subject to liquidity problems which arise from a maturity mismatch between 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 T 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 bank has an incentive to signal this quality. This
follows the suggestion by Higgins and Mason (2004) that implicit recourse is used to as
a signaling tool.

The implications of securitization with tools similar to implicit recourse were re-
cently studied in Ordognez (2012) who argues that unregulated banking disciplined
only by reputation forces may be an efficient by saving on regulatory and bankruptcy

costs but seems to be more fragile.



2.2 Financial intermediation imperfections, information frictions

and business cycles

In the current financial crisis we could 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. The resulting
endogenous amplification of the effects of the shocks in the economy and is denoted as
the “financial accelerator”. From the onset of the crisis, a new generation of literature on
financial frictions has been developing which introduces friction on the level of financial
intermediates that were omitted in the above mentioned models. 3

Some of the new macroeconomic models with financial frictions incorporate directly
securitization. Brunnermeier and Sannikov (2011) find that securitization enables to
share idiosyncratic risks but may be amplifying the systemic risk.

In this paper I will refer often to Kiyotaki and Moore (2012) model of monetary
economy with differences in liquidity among different asset classes. Their model features
borrowing and re-saleability constraints and stochastic uninsurable arrival of idiosyn-
cratic investment shocks among the market participants. Some of the assumptions such
as logarithmic utility function and constant returns to scale on the individual firm level
while decreasing returns at the aggregate level extremely simplify the aggregation across
heterogeneous agents in the economy and allows for a relatively tractable treatment.
Therefore similar framework is used in other papers such as Kurlat (2011) who studies
the sale of projects under asymmetric information and shows how this could lead to the
lemons problem and potential market shutdowns.

My model is also related to research about the degree of asymmetric information
over the business cycle. While some researchers argue that booms are associate with
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 Ordognez
(2012) present a model where assets with unknown value can serve as a collateral for
borrowing. In booms none of the parties has the incentive to verify the the value of

the asset, the economy saves on information acquisition costs and enjoys a “bliss-full

3Representatives of those models are e.g. Gertler and Kiyotaki (2010), Curdia and Woodford
(2009a, 2009b), Cristiano, Motto and Rostagno (2009), Gilchrist, Ortiz and Zakresjek (2009).



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 be also 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 econ-
omy contains a continuum of financial firms which have stochastic investment opportu-
nities. The problem in this model is to transfer resources from firms without investment
opportunities or with low quality investment opportunities to firms with the best in-
vestment opportunities. The transfer of funds is possible through securitization which
is modeled as a sale of cash flows from the funded projects. To keep the model simple
I do not model alternative means of transferring funds like debt or equity. It might
be, however, interesting to compare these alternative channels similarly as is done in
Ordognez (2012).

3.1 Investment projects

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

to projects is stochastic - i.i.d. shock:

e (1 — ) have access only to unproductive zero-profit projects,

e 7y firms have access to projects with high gross profit per unit of capital v =
AVKE,

e 7 (1 — ) firms have access to projects with low gross profit per unit of capital
= AR

where AP = (A, +A"), Al = (A, +A"), A" > Al and logA; = (1—p)logA +
plog A;_1 + us. These shock cannot be insured.

Note that the aggregate component and type-specific component of TFP of projects
are additive. This is a crucial assumption that ensures that relative difference in

projects’ productivity is countercyclical. This is inspired by the empirical results in
Bloom (2009) and Bloom et al. (2011).%

4Models in Bloom (2009) and Bloom et al. (2011) assume time-varying variance of idiosyncratic
TFP shocks and show that higher variance leads to recession, which they also document empirically on



Some of the basic features of the model are inspired by Kiyotaki and Moore (2012).
Similarly as in Kiyotaki and Moore (2012) agents are subject to an i.i.d. investment
shock and they face constant returns to scale i.e. they take ] resp. r! as parametric

but on the aggregate level there are decreasing returns to scale:

Y =1l H, +rlL; = (Ah + AL )Ka
K

where K; = H;+L; and H,, L, are aggregate holdings of high respectively low quality
capital. Kiyotaki and Moore (2012) obtain this result by including in the production
function labor and to run a project a competitive wage has to be paid to workers.
Here for simplicity I omit the workers from the model but use the mentioned result by
assumption.

Two core frictions are assumed in the model:

e Investing firms selling securitized loans have to keep a “skin in the game” - (1 — 6)
fraction of the investment. For simplicity 6 is taken throughout most of the paper

as a parameter. But a way how to endogenize it is developed too.

e There is an asymmetry of information about the above described allocation of
investment opportunities among firms. Each firm knows the type of the project it
is assigned to in the current period but it ignores 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 understands the asymmetric information
as the source of most of the criticized agency problems (for details see the literature
review). The first friction can be also observed in reality but the main reason why I
include it in this otherwise simple model is that despite competition among financial
firms a binding “skin in the game” constraint will increase equilibrium prices above
the costs of investment and therefore make the securitization process profitable. Only
when securitization is profitable there will exist a reputation equilibrium with implicit
recourse, where loosing reputation is related to a cost. (I assume it is possible to commit
not to buy securitized assets from a particular firm if the related incentive compatible

constraint holds. But it is not possible to prevent a particular firm to buy securitized

the firm level data. I assume a weaker version. While second moments remain constant in my model,
the relative difference in projects’ productivity is countercyclical similarly as in the mentioned models.



assets from others i.e. a threat of complete autarky is not possible. I believe corresponds
more to the reality of securitization markets.)

Each financial firm maximizes:

Z B log (c!

Ct:h t+17zt+1 s=0

t+1’l

subject to the following borrowing constraints for firms with access to projects
with high, low or zero gross profit per unit of invested capital denoted by superscripts

j =1{h, 1, 2} respectively °

of + iy + (hzl}—&-l Zt) a4 + lt+1qt + Zt+1qt he(ry + Aay) + L(r; + Aay)
¢+ i + (lllf-i-l Zt) 4+ ht+1% + Zt+1Qt = ha(r} + Agp') + Li(ry + Agp)

ci + 1 + (th+1 Zt) q + ht—i—lqt + lt+1qt = he(r 4+ Ag") + L(ry + Aqp),

where h, [, z are individual holdings of projects with high, low or zero gross profit
per unit of capital, ¢”, ¢, ¢* are the respective prices, i/ is the investment into new
projects of j quality and X is the share of capital left after depreciation. Similarly as in
Kiyotaki and Moore (2012) I assume that subjective discount factor exceeds the share
of capital left after depreciation S > A. This regularity assumption makes the model
well-behaved. The maximization problem is also constrained by the “skin in the game”

requirements:

h?ﬂ = (1-0) Zt? lwlt+1 = (1-0) Zi

where 1! = (A, + AM) K2, rl = (A, + A!) K.

Since utility is logarithmic and budget constraints are linear in individual holdings
of assets, the policy functions will be also linear in individual holdings of assets. With
logarithmic utility all firms will always consume a constant fraction of their current

wealth (for derivation see the appendix).

®Note that these superscripts refer to individual firms of this type, while value of variables might
differ within each group, the policy functions remain the same. The superscripts refer to firms’ types
in period t. So when they appear over the variables in period t+1 this belongs to firms which had this
type of investment opportunities in previous period while the type period t+1 can be anything since
allocation of types is stochastic i.i.d. each period.

10



= (1—8) (h(rf +Xg) + Li(rl + Ag))) Vj € {h, I, 2}

Also there is a continuum of small firms and the arrival of investment opportunities

is i.i.d.

Proposition 1. Due to i.i.d. investment opportunities and linear policy functions, by
applying the law of large numbers the aggregate variables and prices do not depend on

the distribution of assets across firms.

The result of Proposition 1 is convenient for achieving the solution, that is why a
similar framework is popular in the literature. For details see the appendix.

The law of motion for capital is the following:

Ky = AKy + 1

Similar holds for both types of capital (low quality and high quality): H;; =
ANH, + Ith, Livy = ALy + If. And of course both asset markets and goods markets have
to clear Y; = C} + 1.

To demonstrate the effect of the core frictions in the model I will show in the
next subchapters the solution of the sketched model first without any frictions, second
with “skin in the game” constraint but under public information and finally also under
asymmetric information. I will then show that when both frictions are binding there
is a reputation equilibrium where implicit recourse can signal the loan quality and
result in a separating equilibrium. In a separating equilibrium the inefficiency related
to asymmetric information is eliminated.

To show the results analytically T will in the next subchapters mostly refer to the
case with constant aggregate productivity. In the next chapter I report results from the

fully stochastic case.

3.2 Case with no financial frictions - first best

If none of the two frictions are present i.e. project allocation is public information
and firms cannot divert funds necessary for investments to be productive, it is easy to
show that only firms with high investment opportunities will invest, securitize the loans
and sell them to firms with low or unproductive investment opportunities. Because of

competition among firms with high investment opportunities, the price of loans will

11



Figure 3.1: First best case
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Note: In the first best case only firms with access to projects with high profit per unit of capital invest

and they sell some of these projects to remaining firms.

equal the unit costs of issuing the loan ¢" = 1. The amount of investment and the
allocation is first best.
In the steady state the individual policy functions will be as follows (see the appendix

for derivation):

c=(1=B)h(r"+ )

W' =pBh(r"+ ).

The aggregate variables will be defined by:

C=1-8)H "+

I=Y-C=H"-C=(1-\NH

From this one can derive that net return equals the time preference rate

7ﬁ+A:% (3.1)

i.e. the amount of investment is indeed first best.

12



3.3 Cases with frictions and without implicit recourse
3.3.1 Introducing the “skin in the game” constraint

From this section on I will consider a “skin in the game” constraint. As you will see

“ constraint increases the equilibrium prices above the

a binding “skin in the game
replacement rate which makes securitization profitable. Only when securitization is
profitable there might be a reputation equilibrium. Since only then loosing reputation
and then being able to sell its securitized loans at less advantageous conditions repre-
sents a cost. (I assume it is possible to commit not to buy securitized assets from a
particular firm if the related incentive compatible constraint holds. But it is not pos-
sible to prevent a particular firm to buy securitized assets from others i.e. a threat of
complete autarky is not possible. I believe corresponds more to the reality of securiti-
zation markets.) Economically the “skin in the game” constraint can be motivated by
the following moral hazard problem. Consider that firms can divert funds required for
loans to be made. They cannot divert all funds though, pretending that the loans were
issued and making those “castles-in-the-air” projects temporarily similar to fully-funded
loans requires ¢ < 1 investment. To eliminate this problem investors can require the
issuing firms to retain a sufficiently large skin in the game (1 — @) to incentivize them
to invest fully into the issued loans. A skin in the game constraint is a usual practice
observed in securitization contracts. One could also assume other types of incentives
such as punishment of cutting the firms from trading completely. I assume it is possible
to commit not to buy securitized products from a particular firm but it is not possible
to prevent this firm to buy securitized products from others. Not allowing the firm to
sell securitized products in an environment with zero profits from securitization is not
an effective disciplining tool. It can be used only in case of positive profits as will be
shown later.

Let me show how the “skin in the game” constraint could discipline the firms to
invest the acquired funds properly. The incentive compatible constraint requires the
return on investing fully to exceed the return on pretending to invest and diverting the

investment funds®.

R (diverting investment funds) < R (properly investing)

6Note that the results below are derived for the case with no aggregate stochasticity and serve for
purely demonstrative purposes. With aggregate stochasticity the firms would consider also the second
moments of these returns. Numerical results for this fully-stochastic case are presented in Chapter 4.

13



When the firm decides to divert the funds it optimally decides to use all its wealth
after consumption to invest only the necessary fraction to create the “castle-in-the-
air” projects indistinguishable from real projects and sells the maximum possible of
those. When the firms decides to properly invest the optimal strategy is to invest all
the wealth after consumption into real projects and securitize and sell the maximum
share of these. Incentive compatible constraints for firms with high or low investment

opportunities (j = {h,l}) in the case without aggregate stochasticity looks as follows:

0 —9) _ 7+
(I—=0)¢  (1-0¢)

This in general would lead to a quadratic equation that points down the minimum

(1-0)

level of skin in the game 1 — 6. For sake for exposition lets consider the case where skin
in the game constraint is not binding enough and the price of high quality asset is still

equal to one ¢" = 1. Then the incentive compatible constraint becomes:

(r7 + X)
(ri+NyY+1—-9

For firms with nonproductive investment opportunities the incentive compatible

(3.2)

constraint is similar, only one compares the option where they pretend to invest with

the option of buying projects issued elsewhere.

0 (¢" — ) _ " 4+ \g"
(1-0)y ¢

This simplifies in the case of ¢" = 1 also to (3.2) of high type.

For sufficiently low 1), skin in the game 1 — @ will be large enough such that ¢" > 1
and investing firms will be making profit from securitization as will be discussed later.
Also note that 99/sr > 0, which means that in boom stages of business cycles the skin
in the game constraint will be less severe.

In the remaining of the exposition of the model I will assume for simplicity a constant
skin in the game in order to show some results analytically. Endogenizing the skin in
the game does not change the main points of the paper, only makes the behavior more
realistic. I will come back to this point in the section on the dynamics of the model.

If the costs of building the “castles in the air” projects i) are low enough the skin
in the game is binding in the equilibrium. This means that we can rewrite the budget
constraint for the investing firm subject to a binding “skin in the game" constraint (e.g.

in the case of firms with high investment opportunities):

14



(o)

gy e = Iulri 4 2a) +L(ri + Mg,

cf} +
where market price for securitized loansq:? depends on the information sets of market
participants (see below).

Under binding "skin in the game” constraint the prices ¢ and ¢! exceed the cost of
investment which are equal to 1. Therefore, the investing firms are making profits from
securitization (sale of projects to firms without investment opportunities) despite the
competition among them. Note that for prices exceeding the unit costs of investment
the term (1 — qu) /(1 —0) < 1, therefore, investing firms can acquire assets at more
advantageous conditions and therefore they profit from securitization.

The problem can have the following recursive formulation:

V(I h; Kyw, A) =m0 (uV* (1 s K w, A) + (1= ) V(L b K w, A)+(1 =) V(1 h; K w, A),
where for j = {h, [, z}:

VIi(l,h; K,w,A) = max [log (c) + BEV (I',h; K,w, A)]

> U
c,i,h/\l

subject to the respective borrowing constraint stipulated above.

Definition 1. A recursive competitive equilibrium consists of prices {¢" (5), ¢' (95),
q (S)} and gross profit per unit of capital {r () }, individual decision rules {¢’ (5; S),h’’ (5; 5),
1" (5, 5), 27" (5,5)} value functions {V (5;5),V* (5;5),V" (5, 5),V! (5;5)} and law of
motion for S = {K,w, A, X} such that: (i) {¢/ (5;5),h" (5,5),0"(55),2" (5,9)}
and {V (5,5),V*(5;5),V"(55),V" (5 S)} solve the each firms’ problem given the
available information set and taking {¢" (5), q (S), q (S)} , {?“ (5)} and law of mo-
tion for S = {K,w, A} as given; (ii) high quality and low quality asset markets and
good markets clear and (iii) the law of motion for S = { K, w, A} is consistent with the

individual firms’ decisions.

Note that S is the set of aggregate state variables and 5 = {h,[} is the set of
individual firm state variables. X represents the allocation of investment opportunities
across firms, which by Proposition 1 does not influence the aggregate variables so we

do not need to keep track of it.

15



3.3.2 Public information case without implicit recourse

In equilibrium investment will generally be allocated to both high and low quality
investment projects but in the public information case where the allocation of projects
to firms is observable share of high quality projects will exceed the rate of arrival of
these projects to financial firms (p).

Compared to the first-best case where the “skin in the game” constraint is not
binding the allocation of investment can be inefficient in the sense that low quality
investments can be funded and the aggregate level of output and capital will be always
lower in the steady state.

Under binding “skin in the game” constraint the aggregate investment into respective

types of assets will be:

B (Hy ((Ar+ A" K27+ Agl) + L (A, + A) Ko7' + Agl))

(1—0a) (3.3)

L' =mp

B (Hy (A + A") Kf~' + Mq)) + Ly (A + A) K771 4+ Aq))

]tL = W(l - :u) (1 — qu)

(3.4)

Prices of particular assets will be determined from Euler equations of saving firms
that make them in equilibrium marginally indifferent between investing in high or low

quality projects:

7"t}L7L1+’\‘1?Jr1
Ei a ~1 (3.5)
T;l+1+)‘q?+1 1 ri+1+)\qi+1
W=+ (1 —wit1) a4
Ti+1+l>‘qi+1
qy o
Et 7‘?+1+>\q?+1 T’i+1+Aqi+1 o 1’ (3.6)
(wt+1—qth + (1 — wiy1) —a )

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 the appendix.

Finally goods market clearing condition has to hold too:

Y, =C, + 1. (3.7)
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For simplicity and tractability I will show some qualitative properties of the model
using the steady state conditions where the aggregate productivity is constant A; = A.
The way how to solve fully stochastic steady state is described in the appendix, but
the results are only numerical. The numerical results of the fully stochastic model are

presented in the next chapter.

Proposition 2. If skin in the game is sufficiently large i.e. 0 is sufficiently low to

satisfy

(1= (1 —mp) > (rpA+ (1= A)0),

then in the deterministic steady state:
(i) the price of high quality assets (Tobin’s q of firms with access to high quality
projects) q" exceeds 1;

(i) the steady state level of output and capital is lower then in the first best case.

The above proposition does not suffice for the full characterization of the model’s

steady state.
Proposition 3. Suppose that the condition from Proposition 1 holds, then depending

on parameter values deterministic steady state is characterized by one of the following
case:

Case 1: only firms with access to high quality projects issue credit and securitize
(q" <1);

Case 2: firms with access to low quality loans use mix strateqy and issue credit with
probability ¢, (' =1);

Case 3: all firms with access to high and low quality projects issue credit and secu-
ritize (¢* > 1).

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

and capital is the lowest:

YFB >YH >YM >YB,

KFB>KH>KM>KB7

where subscript FB denotes first- best case, subscript H denotes Case 1 with only

high projects financed, subscript M denotes Case 2 with mized strategy of firms with
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Figure 3.2: Type of deterministic steady state depending on selected parameter values
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access to low quality investment and subscript B denotes Case 3 where both firms with

access to low and high quality projects issue credit to the limit of the skin in the game.

Proofs of the above propositions are in the appendix.

3.3.3 Private information case without implicit recourse

Let’s consider more interesting case where the second core friction holds too i.e. the
allocation of projects among firms is private information. Since the values of A" Al A,
are public information the uncertainty about the quality of a particular newly financed
project is resolved in the next period. I assume that past projects are not anonymous
therefore the quality of all existing projects becomes public information in the period
following their securitization. Of course one might consider anonymous assets or more
persistent uncertainty and in the first case there might be an interesting lemons market
problem on the secondary market (market for securitized products issued during prior
periods) similarly as in Kurlat (2011). This is, however not the focus of this paper.

Since there is no way to distinguish between the projects firms would have to invest in
both high and low projects. To maximally diversify the portfolio the rate of investment
into different types of projects would be equal to the probability of arrival of these
investment opportunities i.e. pu fraction of investment is allocated into high quality
projects and 1 — p fraction to low quality projects.

Even when “skin in the game” constraint is not binding enough to influence aggregate
quantities and prices the capital and output levels are lower then in the first best case
due to the inefficient allocation of capital. When the “skin in the game” constraint is

not binding,
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F=pr" 4 (1 —p)rt == — A

The level of capital Kp is determined by:

1 1 101 (1 =
= [ ()] <[ G e

Suppose (1 —m) (1 —A) > wA+ (1 — A) 6 then the skin in the game starts to bind in

this case of private information. The deterministic steady state conditions then collapse

to the two following equations in (K q):

(1=X) (1= 0g) = 7B (ur" + (1 = p)r' + Ag)

pr' (L= p)rt = (1= X) + (1= B) (' + (1 = p)r' + )

where ¢ = ug" + (1 — ) ¢' from this we can easily derive:

_(1—7T)(1—)\)
T T (1-N)0

(L=X)+ (1= B)rg] "
B uAM 4 (1= ) A7)

Note that w = H/k = 1 and that here we can see conditions for the skin in the game

K =

constraint to be binding.

Proposition 4. Compared to public information case the allocation of capital is less
efficient, therefore, the capital is less productive and in the steady state the amount of

capital and output is lower.

For proof see the appendix.

3.4 Implicit recourse and reputation equilibrium case
3.4.1 Introducing implicit recourse

Proposition 4 implies that the outcome of private information case is clearly inefficient
compared to public information case. Firms with high quality investment opportunities

have incentives to distinguish themselves from low quality investment firms and one
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way to do it while not restricting their investment potential is by providing implicit
recourse. Under this strategy they will promise minimum gross profit per unit of
capital 7& to the investors and should the true gross profits in the following period fall
below this one, the issuing bank would reimburse the difference. This promise is not
enforced by any explicit contract, rather it is a result of a collusion between issuers
of loans and the buyers of projects. It can be enforced in a reputation equilibrium
where securitizing firms try to keep reputation of sticking to the promise and firms
buying securitized projects with implicit recourse keep reputation of “tough investors”,
a reputation of always punishing firms that did not full-fill the promise.

The problem of firms can be then written recursively:

yNp (§,w — cir; 5’) = (uVND’h (E,w — cir;S’) +(1—p) y NP (E,w — cir;g))—i—(l — ) VNP (§,w — cir;g)

VP (5,w;S) =m (MVD’h (5,w; 8) + (1 — p) o (5,w; S)) + (1 —m) y b= (5,w;S)

VNP (5,0;8) = h;r%/ax{a}/ [log (c) + BE [max (VNP (5", w' — cir’; §") , VP (5, w'; 5"))]]

VP (5,w;8) = max [log (c) + BEVP (5, w'; §")]
subject to the budget constraints which take the following form for investing firms
for which “skin in the game” constraint is binding (e.g. in case of firms with high

investment opportunities):

(o),

h
¢+ (1_0>

prteire = B+ Aq)) 1 (- da) by (7" 4+ Al 1 (7 + Agy)-
The incentive compatible constraints for non-defaulting are the following:

YD (5,w — cir; S) > VP (5,w; 5) (3.8)

vr (5; S) > VNP (5; 5'), (3.9)

where VNP VP VP VNP are the value functions if firm, never defaulted, when firm
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defaulted, when firm always punished a default on a promise on gross profits and when
firm failed to punished respectively. w is individual wealth level before deducting cir,
which are costs of providing implicit recourse, § = {h,[, h? [P} is a vector of other
individual state variables, where P, S superscripts denote assets sold in the previous
period on the primary market which potentially bear implicit guarantee or on the

secondary market respectively, S = {K,w, A} is a vector of aggregate state variables,
rtG " is the return received from securitized assets with implicit recourse conditional on

7 is the price of securitized loans of type j depending on the

potential default and ¢~
information structure. One can imagine different punishment rules such as punishment
which says that after a default on implicit recourse the financial firm would not be able
sell loans in several following periods. Here I assume that punishment has a permanent

effect which also gives highest possible credibility to implicit recourse.

Definition 2. A recursive competitive equilibrium consists of prices {¢" (5), ¢' (95),
q&h (S), g%t (5'), q© (5)} and gross profit per unit of capital {r (5’)}, individual
decision rules {c/ (5;9), W' (5;5), 1" (5, 5), 27 (s;5), ph (5:5), o (5,5)}, value
functions {VP (5, 5), VNP (5,5), VAP (5, 5), VIPL (5, 5), VP (5,.5), VP= (5,9),
VP (5,.5), V(5 5)} and law of motion for S = {K,w, A, £} such that: (i) {¢ (5;5),
W (5:5), 1 (5:.5), 27 (5:5), 1% (5:5), v (5:5)} and {VAP (5.5), VAP (5, 9),
VDR (5:.8), VNP (5,.8), VP (5 5), VP# (5,5), VPh (5,.5), V (5 .5)} solve the each
firms’ problem given the available information set and taking {¢" (5), ¢’ (5), ¢“" (5),
g (9), ¢° (9)}, {r (S)} and law of motion for S = {K,w, A} as given; (ii) both pri-
mary and secondary markets for high quality and low quality assets and good markets
clear and (iii) the law of motion for S = {K,w, A} is consistent with the individual

firms’ decisions.

Note that S is the set of aggregate state variables and 5 = {hs, 1%, Y, ZP} is the set of
individual firm state variables. Y represents the allocation of investment opportunities
across firms.

Since the asymmetry of information concerns the quality of the loan and not the
aggregate productivity guaranteeing the aggregate productivity where issuers of both
types of projects have the same advantage is not efficient if investor in high quality
projects wants to distinguish himself from the low type. The highest chance to avoid
mimicking by low type is to guarantee the relative performance of the loan which
maximizes the difference in costs of implicit recourse provision between the two types.

This is especially important since there is a limit to how much an issuer of the loan
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can promise. Also buyers of securitized loan want to limit the defaulting on implicit
recourse since then they do not get any benefit except maybe the information about
project allocations. From this perspective it is also more efficient to condition the

guarantee on the aggregate TFP (A, ,1):

rig (Aep) = (Ao + A7) K27

The costs of implicit recourse are then given by:

ciryyr = 0i K25 (Af N l)

The promise of guaranteed gross profits is only on the primary market by which I
mean the sale of loans by their issuer not further resale and trading with the securitized
loans. The assets are not anonymous therefore once a particular project is sold with
informative implicit recourse i.e. the type becomes public information, it remains public
information in the future. Recall that the allocation of investment opportunities to firms
is changing every period but once the project is funded it keeps its type forever. Funded
projects only depreciate over time. The uncertainty about project quality lasts only
for one period in this set-up even if implicit recourse is not provided. For simplicity
and tractability I will also restrict the guarantee to the performance of the loans to one
period after the issuance.

Assumption:” To simplify the solution even further I assume that firms which
default and loose reputation can liquidate the firm and start a new one with no previous
record of defaulting but the liquidation and transfer is costly. In particular the firm
can transfer only (1 — ¢) fraction of assets into the new firm. T guess and verify that

such option will be used in equilibrium

VAP (5,(1 = ¢)w; S) > VP (5,w;5) . (3.10)

Using this simplification the firm, when supposed to fulfill the implicit recourse
promise, compares the cost of fulfilling the implicit recourse with costs of loosing a
fraction of wealth. Then the incentive compatible constraint for non-defaulting simpli-
fies to

"Alternatively I can reduce the number of aggregate state variables by assuming constant returns
to scale at aggregate level. With only two state variables the numerical solution is easier and this
simplifying assumption is not needed. Nevertheless, for the sake of exposition it seems reasonable to
keep this assumption since it gives more clear analytical solution in the deterministic case.
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VP (5w —cir; S) > VP (5,(1 = ¢)w; S) .

O (L =0)i; (riyy +Agh)) > cire = 00, K20 (A7 — AY) (3.11)

This defines and upper bound on the AY that can be credibly promised <AtG ’Cr€d> .

3.4.2 Public information case with implicit recourse

Although one might think that public information case is uninteresting, it is an im-
portant benchmark. The fact that there is competition among the issuing firms means
that implicit recourse will be provided by profit maximizing issuers even in this case,
where it does not serve as a tool that would distinguish the firm type. If the firms could
coordinate they wouldn’t be providing implicit recourse in this case since it only lowers
their profit. Due to competition firms tend to out-bet each other. If the promises would
be credible they would end up promising such a level that they would not make any
extra profit from securitization.

The optimal level of implicit recourse when not constrained by credibility will be
determined by the following F.O.C. (note that individual firm ignores the effects of this
choice on aggregate variables):

oV NP OVND" 9 (w' — cir')

OAGT ~ d(w —air)  0AGT  V

T . . .. ; A+AG ) Ke—14 g
after substituting in this case with constant aggregate productivity ¢*/% = (( Ai N))Ka,lj/\qi ¢

this condition implies that

¢ =1,

which means that as far as there are positive profits from securitization, the com-
petition will drive the level of implicit recourse high to the level where extra profits
from securitization are zero. For details on the derivation see the appendix. However,
when extra profits from securitization are zero, the punishment has zero costs and the
original non-defaulting incentive compatible constraint would not hold (3.8). Therefore
the maximum credible level of promise is equal the type quality AGedi = A7,

If the condition (3.10) holds, then the maximum level of promise possible is de-

termined by the simplified non-defaulting incentive compatible constraint (3.11) which
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becomes

Gcered,j __ j Qb (1 - 9) j j
A J —AJ—FW(TJ—F)\CJJ). (312)

Proposition 5. Suppose that the condition from Proposition 1 holds, then depending
on parameter values 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 ACTLM (g > 1, ¢t < 1,AGeredh > AR).

Case 2: firms with access to high quality projects issue credit, securitize loans and
provide implicit recourse AT firms with access to low quality projects use a mizx
strategy and issue credit with probability ¢ and provide implicit recourse equal to the
type quality (q" > 1, ¢ = 1, AGeredh > Ah AGeredl — AL).

Case 3: all firms with access to high and low quality projects issue credit, securitize
and provide implicit recourse (¢" > 1, ¢¢ > 1, AGeredh > Ah - AGeredl > AL)

As I will discuss later the model in the next chapter is calibrated such that the

steady state will be characterized by Case 1.

Proposition 6. Compared to the public information case without implicit recourse the
amount of capital and output is higher in the case with implicit recourse, the allocation
of capital is in favor of high quality projects and the wealth is less distributed towards the
firms with investment opportunities. This holds in all cases except when the provided

Gcred,h

implicit recourse has no value (A = A") and the two cases are identical.

3.4.3 Private information case with implicit recourse

This is the most interesting case where providing implicit recourse can signal the type
of the the investment opportunity. Due to signaling there is a multiplicity of Perfect
Bayesian Equilibria generally both pooling and separating. I use the Intuitive Crite-
rion (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 choose to promise the same
level of implicit recourse given beliefs of investors. 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 A¢ = AGeredl,

Investors believe that when observing implicit recourse A€ > AGered! then Pr(j = h) =
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0 and when observing A% < A%redl then Pr(j =h) < p. In this equilibrium none
of the firms defaults. None of the firms has incentive to unilaterally decrease implicit
recourse or increase it.

Case 2: Firms with access to both high and low quality projects select A s.t.:

min (Asznsep7 AG’ub,h7 AGCTed,h) 2 AG Z AGlb,h'

Investors believe that when observing implicit recourse above A then Pr(j = h) =
0 and when observing implicit recourse belowA® then Pr (j = h) < p.

AGminser s the minimum level of implicit recourse which the low types would not
mimic under any beliefs (see definition later). Note that choosing AY < AGeredl jg
not an equilibrium since both types will have incentives to increase implicit recourse to
AG = AGeredl due to competition no matter what are the beliefs of investors since both
types would fulfill the implicit recourse promise on this interval. Similarly choosing
AGeredl - AG < AGI g not an equilibrium since both types will have incentives
to decrease implicit recourse to A® = A%redl  This is due to the fact that in the
mentioned interval the fact that firms with low investment opportunities default on
implicit recourse which bring investors lower utility than when A% = AGered!  And this
negative effect on price together with potentially higher costs of higher implicit recourse
(when A% > A") outweighs the positive effect of higher implicit recourse on the price.
Note that for some parameter values it is possible that AGredh < AG®R then there is
only one pooling PBE (Case 1).

Consistent with the description above let me define AG®":

Rh (AG’lb,h) — Rh (AGcred,l)
where ACGWR > AGeredl \When ACG®R < AP this reduces to:
(A4 AM) Kot 4+ \g") (1 - 0) N ((A+AM) Kot 4+ Ag") (1-0)

(A+MAGZb,h+(1_M)Az)Ka—1+)\qh A+Accred,z)KQ—1+/\qh
1-0
(A+Ar)Ko=14rgh q (A+Ar)Ka—142qh q

h

h 1_@(

ILLAGlb,h + (1 o M) Al — AGcred,l’

which when using the equation (3.12) becomes:

1-46
ACIR _ AL (Zé[(al) (Th i )\qh) '
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When A% > Al this expression is more complicated.
AGuI ig used in the above formula to control for cases where firms with high
investment opportunities would optimally choose A% < AG¢d due to the effect of
defaulting firms with low investment opportunities. Suppose AU > AGeredh then we
can obtain it by F.O.C.:

oV ND OVND" 9 (w' — cir')

= - O
IAGE 9 (w' —cir’)  OAGH

0 ((A+ A= (A% — AM)) Kot 4+ Ag") (1 - 6)
OAGH B

A+,LLAG’}L+(17;L)AL)KO‘71+/\qh h

(
1 - 0 <A+Ah,)Ka—l+)\qh

AGubh _ (¢" = 1) (" +2d") AL (qh _ ql) ‘
0(1—p)q"

Separating Equilibria: There is potentially a continuum of separating equilib-
ria where firms with access to low quality investments save and buy securitized assets
from firms with high investment opportunities. Firms with access to high quality in-
vestments invest, securitize and provide implicit recourse A% € (AGminsep AGeredh)
where AG™seP jg the minimum implicit recourse which prevents mimicking by firms
with low investment opportunities. Out of equilibrium beliefs for an observed A% s.t.
AGh < NG < ACGeredh are Pr(j = h) = 0.

Application of Intuitive Criterion: If a separating equilibrium exists, then all
pooling equilibria are dominated and therefore fail the Intuitive Criterion. In particu-
lar due to competition among firms with access to high quality investments Intuitive
Criterion selects only one separating equilibrium, where firms with access to high qual-
ity investments invest, securitize and provide the maximum credible implicit recourse
AGh — AGeredh Qo after application of Intuitive Criterion there is either one unique
separating equilibrium left or one or multiple pooling equilibria.

The conditions for existence of separating equilibrium are the following:

The minimum level of implicit recourse needed to achieve separation AG™"sP can
be derived from the following conditions (under equality). Implicit recourse A®" has
to be high enough such that the firm with low investment opportunity would not have
incentives to mimic high investment firm. This condition can be in a case of no-

aggregate uncertainty written as:
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Figure 3.3: Case where Intuitive Criterion selects unique Separating Equilibrium
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Figure 3.4: Case where there is no Separating Equilibrium

[ [ T | | o

0 Al AGeredl AGIbR i {AGub,h’ AGcred.h}

POOLING EQUILIBRIA

I b l A
i N AGCTBd-h AGminsep

27



R' (mimicking) < R' (investing)

(A+ A" — L max (A9 — ALO)) K7+ A" (A+ A= & max (A% — AL 0)) KPG' + A
1_9qh,1R < 1_9ql,IR
1-6 1-6

which under no-default condition® simplifies to
(AG,h o Al)
1—-46

As long as ¢"'® > 1 firms with lower quality projects will want to mimic the high

A (qh - ql) < Kot (1 - ql’IR) (3.13)

quality project firms. So A" has to be high enough to bring qi’IR below 1.
When ¢ < qi’]R < 1 it is not profitable for low types to issue loans ans securitize
them. The promise A" have to be high enough to satisfy also (again for now under

the simplification without aggregate uncertainty):
R' (mimicking) < R' (buying high loans)

(A—i—Al—ﬁmaX(AG—Al,O))T—i-)\qh (A—l—Ah)T—i—)\qh
179qh,IR < qh
1-0

which reduces under no default condition (under default condition still holds but is

no longer sufficient) to the following equation:

(rl + )\ql) (ql — 1) <0 (1 — ql) AGRKe! (3.14)

which implies a necessary condition for separation ¢ < 1.
Proposition 7. A necessary condition for existence of a separating equilibrium is that
"B < 1 (which means also ¢! < 1). This implies that in a separating equilibrium firms

with access to low quality investments saves and buys securitized assets from firms with

high investment opportunities.

Separating steady state is more efficient from aggregate perspective since level of

capital and output are higher because resources are better allocated. Pooling is less

8Under default on implicit recourse while mimicking LHS of the inequality would be higher so the
original condition would become a necessary but not sufficient condition.
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Figure 3.5: Private information case with implicit recourse
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In the separating equilibrium the implicit recourse provided by the firms with access to projects with

high per unit profits is high enough so that it is not profitable for firms with access to projects with

low per unit profits to mimic them. They are better off buying the projects with high per unit profits

from the issuing firms.

Figure 3.6: Private information case with implicit recourse: Pooling equilibrium
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In the pooling equilibrium both firms with access to project with high per unit profits and low per

unit profits 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.
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efficient since the allocation of capital is equal to the rate of arrival of the investment
opportunities. But still pooling with implicit recourse is better then pooling equilibrium
without this option since there is more investment made in aggregate even though its

allocation is equally bad.

4 Dynamics and numerical examples

In this chapter I show the solution of the fully stochastic version of the model under
private information and with possibility of implicit recourse. Recall that we there is one
stochastic process that allocates investment opportunities among firms independently of

their characteristics and the aggregate productivity is the following stochastic process:

log A, = (1 — p)log A+ plog A;_q + uy.

For simplicity I assume that u; has a binomial distribution. With probability p =
0.5: u; = € and with probability (1 —p) : v, = —e. This assumption simplifies the
solution but is not crucial for the results and the model could be generalized with
u ~ N (0,0). Having a limited size of the shock to productivity can result under
proper parametrization of the model to no-defaults on implicit recourse at all.

In the analysis of the dynamic properties of the model 1 focus on the switching
between the separating and pooling equilibria over the business cycle. I show that
even though in steady state there may be a separating equilibrium when the aggregate
productivity increases and the economy is in boom stage of the business cycle the
separating equilibrium is no longer sustainable and the economy switches to the pooling
equilibrium where both type of firms provide the same level of implicit guarantees and
both will invest. One can demonstrate this analytically on a simplified example as shown
in the appendix, but the full model can be solved only numerically. The intuition behind
the result is the following. As the aggregate productivity increases the relative difference
in productivity of the two nonzero profit project types is reduced. Therefore a higher
promise is needed to satisfy the separation conditions (3.13,3.14,77). Intuitively for
instance the first condition says that ¢' < 1 for separation but in boom even the quality
of low type projects is relatively high and therefore one has to promise high implicit
recourse to drive the prices of low projects below zero. At some point the required level
of implicit recourse to achieve separation exceeds the incentive compatible limits and

the economy switches to the pooling equilibrium.

30



The parameters of the model are not calibrated yet. For illustration of qualitative
properties I solved the model for the following parameter values: o = 0.5, § = 0.95,
=08 m=01\A=0750=06¢=01€e=005p=09, A=24 A" =1,
Al = 0.

In the Figure 1 I show how the economy behaves in a particular episode of a two
positive shocks followed by three negative productivity shocks Recall u; has a binomial
distribution with limited size within the period. The point of this exercise is to show
the switch from separating equilibrium to pooling and back and its effects on the out-
put. The impulse responses start from a steady state to which they converge after a
long period of zero productivity shocks and then T introduce the described sequence
of productivity shock after which the shocks are zero again. On the graph I report
for comparison impulse responses of the constrained model under private information
and with implicit recourse provision and the efficient first-best case. Note that the
graph depicts deviations from each model’s steady state (here meaning state after a
long sequence of zero shocks). So even though on the graph both first-best case and
constrained case start at the same point the absolute level of these variables is mostly
different. In particular the first-best case is characterized by higher output and capital
levels.

You can see on the figure that as the constrained economy moves to the boom
stage of the business cycle it also switches from the separating equilibrium to pooling
equilibrium (w decreases). While the share of high quality projects(w) remains constant
in the first best case at 100% (0 on the graph because this represents deviations from
the steady state). Lower share of high quality projects in the constrained case slows
slightly the growth of output and accumulation of capital but the effect is small since
in boom stage the difference in the two qualities is rather small. But the inefficiency
in allocation of capital keeps accumulating. As the economy exogenously moves to
a recession one can see that the accumulated inefficiency in the allocation of capital
is more pronounced as now the difference is qualities is more important. So we can
see that booms have almost the same relative size as in the first-best case but busts
following a boom stage are more deep in constrained case then in the first best case. It
can be shown that the difference in the depth of a recession compared to the first best
case is larger the larger are the inefficiencies accumulated in the pooling equilibrium

during the preceding boom period.
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Figure 4.1: Impulse responses
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5 Conclusions

In this paper I show that in general reputation concerns allow sponsors of securitized
products to signal the quality of the 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 this particular reputation based tools, which become
more pronounced in boom stages of the business cycles. The costs of sufficiently high
implicit recourse that would avoid mimicking by firms with investment projects of
lower quality exceed the limit which can still be credibly promised. In the resulting
pooling equilibrium the information about the quality of loans is lost and the investment
allocation becomes more inefficient. Due to this mechanism large inefficiencies in the
allocation of capital can be accumulated in the boom stage of the business cycle. The
accumulated inefficiencies can then amplify the subsequent downturn of the economy.
This mechanism can contribute to the our understanding of the recent financial crisis
where in the period preceding it many inefficient investments whose exact quality was
unknown were undertaken. While this was not a problem as long as the economy was

performing these low quality loans and their large amount in the economy contributed
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to the depth of the financial crisis.
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6 Appendix

6.1 Proofs
6.1.1 Proof of Proposition 1

All firms policy functions have linear functions in their individual state variables and the
allocation of investment opportunities is independent on individual holdings of assets.
This allows easy aggregation and by applying the law of large numbers implies that
the aggregate quantities and prices do not depend on the distribution of assets across
individual firms. Aggregate level of high and low assets H, L does not depend on the

distribution of the assets, therefore so does not r and neither prices ¢", ¢'%, ¢

6.1.2 Proof of Proposition 2

In the first best allocation ¢" = 1. Should the skin in the game be binding the ¢" > 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 firm with access to low quality investment opportunities to

profitably issue loans ¢' < 1.

Case 1: Only firms with access to high quality projects gives credit and

securitizes: Steady state conditions are the following:
(L=X) (1= 0¢") = muB (r" + A"

Al Al
@
= 1=+ (1-28) (" +A").

Combining these equations we can obtain

(1-3) (1= )
(1—=X) 0+ muA

ah =

1
(1-B)A1=N)(1—7p) | a=1
(1 - )‘) + (1=X)0+mp l 1

Ky = T
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As long as ¢" = 1, we would obtain Ky = [ﬁ (%3 — )\H “ Which is the first best
optimal level of capital (compare with (3.1)). If (1 —=X) (1 —mu) > (1 —=X)0 + 7pA
then ¢" > 1. Deterministic steady state level of capital is then lower then in the first

best case:

1

:| :KFB.

K <1—A>+<1—5>qurl<[<1—A>+<1—w

BAN BA
6.1.3 Proof of Proposition 3

Proposition 2 claims that there are three possible types of steady state depending on
the parameter values. In the proof of Proposition 1 above I described already the least
restricted case where only 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 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 issue and securitize their own loans. Credit to low quality projects counterweights
the effect of tightening skin in the game constraint and therefore the price stay at the
same levels (¢! = 1, ¢" = A"/A!). For an interval of 6 there will be an steady state
in which firms with access to low quality investment will play a mixed strategy when
giving credit with probability ¢. As 6 decreases (skin in the game rises), ¢ 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 be all issuing credit and securitizing

always.

Case 2: Firm with access to low quality projects issues credit with proba-

bility ¢: Steady state conditions are the following:

(1=-XN(1-0")Yw=muB (w (" + ") + (1 —w) (r'+Ad")) (6.1)

(1-=X)(1-60¢")(1—w)=nm(l—peB(w("+A") +(1—w) (F+A)) (6.2)
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A Al

6.3
@ ¢ (6.3)

wr'+(1—w)r' =1 =X+ 1-8) (w (" + ") + (1 —w) (r' + 1)) (6.5)

Let’s define
h !
_q q
and
D =wA" + (1 —w) A", (6.7)

Using (6.6), (6.7) and combining equations (6.1), (6.2) and (6.3):

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

(1=XN)—7m(p+e(l—p)BDK"  =gD[1=N)0+7m(p+e(1—p)BA (68)

We can also rewrite (6.5):

BDK* ' =1—- X+ (1—8) D)\ (6.9)

Combining (6.8), (6.9) we get

_ A=A -m(ptel-p)) 1
M ANt (=) AD (610

Substituting (6.10) back into (6.9) we get:

1

vy (BN (I r(up(1-w) 7 75T
[ SV ¢ 2 e 611
. e 6.11)
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Case 3: Firms with access to both high and low quality projects are always

giving credit: Deterministic steady state is defined by:

(1=N(1-0")w=muB (w(r"+ ")+ (1 —w)(r'+Ad")) (6.12)

1-N(1-60¢")1-w)=m(l—pB(w (" +I")+ (1 —w)(r'+Ad)) (6.13)

Al Al

@ ¢

(6.14)

wr'+ (1—w)rt =1 =X+ 1-8) (w("+ ") + (1 —w) (r+A)). (6.15)
Using (6.6), (6.7) and combining equations (6.12), (6.13) and (6.14):
(1=X) (1 —0gD) = 78D (K* ' + \q)

(1—=X) —7BDK* ' =¢D|[(1—\)0+ 7B\ (6.16)

We can also rewrite (6.15):

BDK* ' =1—- X+ (1—-8)DXg (6.17)

Combining (6.16), (6.17) we get

(1-XN(1-m1
- ) 1
=N A D (6.18)
Substituting (6.18) back into (6.17) we get:
1
(1= ) 4 =AM )
o= S (6.19)

BD

Second part of proposition claims that Ky > K, > Kpg.

To show this lets first focus on the in the brackets part of the formulas for capital:

A=N(A=m(pte(l—p))) _
(1=2)0+7(pute(1—p))A

Since in Case 1 ¢} < 1 then gy < 47. And since g, = 1 then
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%. The following inequality then holds

(1= + (1= 8) Ay U S S S )

(1= ) + Q=AU x(rtp(—m)
BAR AR BAL " BDuy '

1 (A=MN)b+m(ute(l—p))A
+(1=BA—=
( ) BA! BD

This implies that

1
1 A=BAA=N(A—m(ut+e(l=p))) T a—1
(1-=XN)+(1-7) /\C]ﬁr} ot > [(1 - A+ =N+ (pte(d—p)A

A" BD

Ky = =Ky

Similarly we can show that Kp > Kp. Since wg < wp then Dg < Dp. Also ¢ > 1
then U=NU-m) - Z—?. This implies that

(T=—N)0F7A
A=B)AA=N)A—m(pteo(l—p))) A-=B)AA=N)(1A—m)
(=X + et eomin — _ (1— ’\)+(1 S < (- A)+(1 AL < AN+ G 5arm
BD BD s BA BDp BA BDp ’

Ky = (I=X)0+m(p+e(1—p))A (I=X)0+mA
BDy BDp

(1= + (1—6)/\(1—/\)(1—7T(u+so(1—u)))] o [<1 PN WNCET PESI(E "
>

6.1.4 Proof of Proposition 4

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 Kp > K, ivate; Where K ipqe 1s the level
of capital under private information about the allocation of investment opportunities.
To obtain Kp > Kpyipate, We need:

K&t < Kol

private

(1=B)AA=N)(1—m) (1-B)A(1-N)(1—m)
(1 B >‘) + (1=X)0+7X (1 o >‘) + (1=X)0+7X

BwA +(L—w)A)  ~ BudA + (1 - p)A)

w > W

Writing equations (6.12) and (6.13) in a ratio we obtain:

38



(1-=X) (1—-0¢")w _ B (w (" + A¢") + (1 = w) (r' + X))
(1-=N1=0¢)1-w) w(l=p)fw"+Ag") +(1—w)(r'+Ad))

Since ¢" > ¢! we can obtain:

w (1-0¢) !

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

6.1.5 Proofs for subchapter 3.4.2

I claimed that if the implicit recourse promise 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.):

OVNP OVND" 9 (w' — cir')

OAGT 9 (w —cir')  OAGI

OVND 9 (1—0)Bw (1 + A¢?) — OBwK "t (AGT — AJ)

O (w' — cir’) QNG 1 —6qG =0

(A+AGT) K1 4agd ;
(ATAnKa—Tiag 4

after substituting in this case with constant aggregate productivity ¢%7 =

this condition implies that

(1—0) fw [(A' FAT 18 (AG - AJ‘)) Kol 4 )\qj] Wa:lw‘ﬂ — (1-0) Bwly Ko (1 - 04C)

(1 - 6g53)*

=0

(A+ A7) KT ag? g ((A+A%T) KO14a¢7) = (1-0) ((A+ A7) K1 4 2¢!) ¢ — 0/ (A% — A7) Ko~

(A+ AN K +0¢ = (A+A) K+ A7) ¢

This implies ¢/ = 1.
Note that for when the level of A satisfies this condition, return from investing and

securitizing is equal to the return from investing but not securitizing i.e. securitization

39



does not increase the return:

R (investing & securitizing) = R (investing)
(0 [+~ 5 (A% - M) K™ dg] (44 ) K g
1 0(A+AG)K‘1*1+>\qJ' j - 1

(A+AI)Ko—14)\gd

Since ¢/ = 1 we get:

(1—=0) (A +A) K+ 1) =0 (A9 = A) Ko = (A + A7) KO+ 0) =0 ((A+ A99) Ko7+ ),

which always holds.

6.2 Derivation of firms’ policy functions
6.2.1 Case without implicit recourse

Individual firm maximizes

Z B log (c!

< ’ht+17lt+17zt+1 s=0

subject to the following borrowing constraints

o iy + (hﬁrl Zt) @+ 1 d + 200 a; = he(rl 4+ M) + L + Ag))
Ci + Zi + (lrlt+1 Zt) q; + ht+1Qt + Zt+1qt ht(rf + /\Qf) + lt(ri + )\Qi)

i+ + (thﬂ Zt) q + htJrlqt + lt+1Qt = he(r 4+ ') + L(ry + Agp),

and subject to “skin in the game” constraints:

h?+1 = (1- 9) iy li+1 2 (1-10) if:

When the skin in the game constraint are binding all constraints together can be
written as follows (in the case where the constraint is binding for firms with access to

both high and low quality investment opportunities):
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¢+ hfﬂczf + lf+1€li = hf(ﬂil + /\ch) + lf(ri + )\%l;)

N (1 —Gqf) A hi h h Ryl l

T Whtﬂ = hi(rf + Aq)) + 17 (ry + Agy)
1 — fgq,

d+ (1=06), _ hi(ry 4+ Ag)') + (1t + Ag)).

The problem can be written into a recursive formulation:

V(b K w, A) =m0 (uV* (1 s K w, A) + (1= ) V(L s K w, A)+(1 = 7) V(1L h; K w, A),

where for i = {h,l, s}:

V(1 hi K, w, A) = max [log (c) + BEV (I', I; K, w, A)]

subject to the respective borrowing constraint stipulated above.

From first order conditions we can obtain the following Euler equations:

r s h )\ h 7
_5Ct+1 gt
r s l )\ I
E, 55; ey +ql fret ) g (6.21)
L PCi1 t
E Cf T?+1 + )\qgfl 1 (6.22)
' Bep,  (1-0a7) '
i ie  J
i [ l + )\ l 1
E G Tiq1 Tv1 | _ 1 (6.23)
' Be,  (1-04) '
i ai-e  J

We guess and verify that

¢ =(1—=8) (h{(r} + Ag)) + (1} + Aq}))

cf = (1= 8) (RH(r}+ Agl) + [} (ri + Aq)))
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b= (1= B) (h(r] + Ag!) + L7 + Aqy))

i B+ al) + 1+ )
t+1 — (l_eqth)
(1-90)

l?+1 =0

o B+ A + Bt Ad))
t+1 — (1_9[15)
=)

hzlf—H =0

CB (R (rf + Agl) + I3 (rl + Aqh))

q

S —
ht+1 —

o _(1=0QF8 (hi(r + Aql") + 13 (rf + Aqp))
t+1 — l
q:

Cf+1 =(1-7) (hfﬂ(r?ﬂ + )\Q?H) + lf+1(73l5+1 + >\q1ls+1))
C?+1 = (1-7) (h?+1(7”?+1 + )\Q?H))

Ci+1 =({1-p) (li+1(ri+1 + )\Qi+1))
Using these guesses and substituting in equations (6.22) and (6.23) we can see that

these conditions always hold.
The remaining Euler equations (6.20) and (6.21) can be rewritten into:

T{L+1+>‘q£l+1
Et q? — 1
CT?H"‘)“I?H + (1 - C) Té+1+>‘qi+1
ar at
l +)\ l
Ti41 T4
Et qé = 1
h h ] ] -
T PAG +(1— Tt AG
(b | (1 ¢) Bt
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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 markets
for high and low projects. From H;,; = \H,; + Ith, Ly =ML, + Itl after substituting
Hyoy = H{'y + Hyyy Lo = Ly + Ligand HY = (1-0) 17, Ly, = (1-0) I

) 0
e, = WH{L+1 + \H,
s 0 h
Lt+1 = WLt+1 + )\Lt,

which can be rewritten as

(U= m) B (Hi k4 2q) + L+ ) _ g B (HEGE + M) + Li(ri + Mah))

+AH,
qr (1—0gf) t

B(HMrl + Agl) + LE(rL + Aq))

(1—¢) (1 —7) B (Hp(r] + Ag') + Li(r} + Aq}))
(1—9q§)

q

+AL,

=0m (1 —p)
And the goods market clears too Y; = C; + ;.

6.2.2 Case with implicit recourse

The problem with implicit recourse and potential default on it is better written in a

recursive formulation:
VAP (5,w—cir;S) == (MVND’h (5,w —cir; S) + (1 — p) Yy NP (5,w —cir; S))+(1 — ) yND2 (5,w — cir; S)

vP (§,w; §) =7 (MVD’h (E,w; S) + (1 —p) VP! (§,w;§)) +(Q—m) VP> (E,w; S)

yND.j (5,w; S) = 4}II;&X{G} [log (¢) + BE [max (VND (5", w" —cir'; §") VP (5", w';8))]]
c,i,h/ U r 4

D,j (= . Q) D (= /. Q!
VP (s7w,S) = c}r{’l}%ﬁ, [log (¢c) + BEV (5 ,w's S )]

subject to the budget constraints which take the following form for investing firms
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for which “skin in the game” constraint is binding (e.g. in case of firms with high

investment opportunities):

(1 — Hqté’h> . .
C?+Whi‘+1+cm = 17 (P + Aq)) + 17 (r A+ Ag) ) (" + Ag)) + 10 (i + M),

The incentive compatible constraints for non-defaulting are the following:

YD (E,w — cz’r;g) > VP (E,w;S),

VP (55) > VNP (5,5) .
where VNP VP VP VNP are the value functions if firm, never defaulted, when firm
defaulted, when firm always punished a default on a promise on gross profits and when
firm failed to punished respectively. w is individual wealth level before deducting cir,
which are costs of providing implicit recourse, § = {h,[, h? [P} is a vector of other
individual state variables, where P, S superscripts denote assets sold in the previous
period on the primary market which potentially bear implicit guarantee or on the

secondary market respectively, S = {K,w, A} is a vector of aggregate state variables,
rtG " is the return received from securitized assets with implicit recourse conditional on

~

potential default and th 7 is the price of securitized loans of type j depending on the

information structure.Costs of implicit recourse are given by:

cir’ = 0i (K')*™" (A% — AMY)

From first order conditions we can obtain the following Euler equations:

r S T.h + )\ h T
_Bct+1 gt i
_ ’ ;-
S _|_ )\
By | T T A (6.25)
_5Ct+1 dy i

<A + max (Af”‘, Ah>> K3+ Al
G,h
q;

S
Cy

=1 (6.26)
50§+1

Ey
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s <A + max (Af’l, Al)> Kot + Mgl
Ey | — ex =1 (6.27)
Bct+1 q;’

ho .k h
¢l T+ AG

Et 50?4_1 (1_0(1?’;1) — 1 (628)
(1-9)
‘ Ti 1t )\Qi 1
B, | - 2l =1 (6.29)

ﬂcé-i-l (1-6g")
=7

Equations (6.26) and (6.27) hold if non-default conditions are satisfied i.e. A®" <
AGeredh and AGH < AGeredl  Tf these conditions are not satisfied then investor while
taking expectations have to take into account the respective probability of default.

We guess and verify the following policy functions. Note that here I report the
general the policy functions for the pooling equilibrium, where A%! = A" and

firms with access to low quality projects also invest.

¢ =(1—B) (h{(r} + Ag)) + ;(r} + Aq}))
= (1-B8) (Wl + Agh) + 11 (r} + A\g))

b= (1= B) (hh(r} + Agl) + (7} + A\q}))

B (hE(rl + Agl) + 1 (rl + A\g)

hz}tl+1 - (1=04%)
(1-06)
l?—i—l =0
g BB+ ) + 1t + M)
t+1 — (1—6th)
(1-0)
hi+1 =0
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pe_ CB(B0E + Agl) + B+ )
t+1 — ng

. B (RO A+l + M)

t+1 — t

gy
e, _ S B (Ri(ri + Aal) + L (ri + M)
t+1 — G
qi
s _ "B+ Adt) + B (rd + M)
t+1 —

qa

Cf+1 =(1-p5) (hfﬂ(r?ﬂ + )\Q?H) + lf+1(73l5+1 + >\q1ls+1))
C?+1 =(1-7) (hfi;l+1(7‘?+1 + )\C]?H))
Ci+1 =(1-p5) (li+1(ri+1 + )‘qi+1)) ;

where ¢" + ¢t + ¢ 4+ ¢ =1,
Using these guesses and substituting in equations (6.28) and (6.29) we can see that

these conditions always hold.

The remaining Euler equations (6.24), (6.25), (6.26) and (6.27) can be rewritten

into:
h
Et qy == 1
ChIta M | Tt M | nr (Admax(AF"AM)) KPS HAg ¢ (Amar( A7 AN ke
a a g " @ )
i T FAG —
L
Et qt — — - 1.
5 Tt+1+)\‘h+1 Lttt M e (Atmax(A7"AM))KP HAy, ¢t (Atmax(ATLAN) KP4 Ay
a4 g " 0 -
(A+max(AF " AM) KPS +Aa)y
G,h
E S -
t ntha Tt+1+/\qt+1 4 o (Amax(ATT ARG WAl e (Abmex(ATTAD) K 4,
ar thJL qu l
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(A+max(A7 AN KPS +2q
en)
E L =1
¢ Ch 7{’41—&-)\(1{’41 I Cl 7'i+1+)\qi+1 I Chp (Aerax(A?’h,Ah'))K;’_*__llJr)\q;L_*_l I Clp (A+max(A?‘l,Al))K;’+_ll+>\qi+l
& o Gh Pl

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.

AH, = ("B (1 — ) (Hi(r] + A\ql") + Li(r} + A\q}))

ALy = C'B(1—7) (H;(r] + Ag!) + L; (r} + A\q)))

B(HP(r} + Agf) + LE(ri + Aqp))  ¢" (1 —m) B (Hp(rf + Aqp') + Li(ry + Agp))
(1—0qf) a

O

B(HM(r} +Aqp) + Ly (r + Adf)) _ ¢" (1—m) B (H; (r} + Aq}) + Li(ri + Agp))
(1—0q) ar

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

O (1 — p)

6.3 Numerical solutions of the stochastic dynamic system

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

Iy (Ay, Kpywy) = ¢

[y (Ay, Kyywy) = Q,ls

I construct a grid for the three aggregate states A, K, w and start with the guess
equal to the steady-state values. Then I iterate using the set of equilibrium conditions
to find the updated values of I';, I's until the updated values are close to the previous
guesses. During iteration at each point of the grid it is evaluated whether the economy

is in separating or pooling equilibrium and the points out of grid are obtained through
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trilinear interpolation.

The whole model is solved for a particular parameter ¢ which defines the limit of
the credible commitment that can be sustained by reputation. Remember that under
the simplifying assumption firms who default on implicit recourse can liquidate the
firm and transfer (1 — ¢) fraction of their funds to a new firm with no previous record
of default on implicit recourse. I have to check whether this option will be preferred
by defaulting firms to the option of being punished by investing firms i.e. cannot sell
on the securitization market in the future (trigger strategy). This needs me to check
condition (3.10). To do that I need to solve for the value functions given my choice
for ¢. T use value function iteration method to get the solution. Note that with lower
¢ the credibility constraint does not allow for high A%e? Therefore the profits from
securitization are also larger and the difference between VNP and VP grows larger too.
So for sufficiently low ¢ the condition (3.10) is satisfied.

6.4 Equilibrium switching

The chapter 4 shows how in boom stage the economy can switch from a separating
equilibrium to a pooling equilibrium. In this sub-chapter I show the mechanism behind
analytically for a simplified case where A = 0.

It can be shown that if one increases the productivity parameter or after positive
productivity shocks AY sufficient to avoid mimicking by firms with low investment
opportunities is increasing. However, there is a limit to what a firm can credibly
promise which is given by the mentioned incentive compatible conditions.

The non default condition can then be written as follows:

¢ (1—0)iEy (Ar + AM) K < (A9 — AY) K206,

I define ¢ as the minimum share of expected future wealth that needs to be
promised as implicit recourse in order to satisfy the condition for the separating equi-
librium:

(AG,mm _ Ah) Iz (1 — T — 9) EtAt—i-l — A9

min —

t o Et (At+1 -+ Ah) (1 - 0) EtAt+1 + Ah

The second equality was obtained from the equation ¢"'# = (1 — 7p) /6 and AG™n =
EiApr (¢ — 1) which is the minimum level of promise needed to achieve a separat-

ing equilibrium. It can be easily shown that with higher expected productivity also the
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higher has to be the value of the promise, which eventually surpasses the maximum
possible threshold ¢.

0 >0
OFApq
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