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Abstract

A growing literature (i.e. Jaffee, Lynch, Richardson, and Van Nieuwerburgh, 2009, Acharya and
Schnabl, 2009) argues that securitization improves financial stability if the securitized assets are held
by capital market participants, rather than financial intermediaries. I construct a quantitative macroeco-
nomic model with a novel specification for mortgage-backed securities (MBS) to evaluate this claim for
subprime securitization during the Great Recession. I find that output in the U.S. would have dropped by
only about a third and house prices by only a half of what we actually observed, if subprime MBS had
been purchased by non-financial agents, rather than held by banks. This is because banks are subject to
capital requirements and if MBS remain within the banking system, the fall in their value puts a strain
on banks’ balance sheets. The subsequent deleveraging amplifies business cycles. My findings suggest
that the existence of the securitization market stabilizes the economy under the condition that financial

intermediaries do not engage in the acquisition of securitized assets.
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1. Introduction

A common point of departure for researchers analyzing the Great Recession is often the rel-
atively small subprime mortgage market in the U.S. that may have been one of the roots of the
prolonged downturn, and the securitization of subprime loans. Departing from there, this paper
investigates potential sources of the amplification mechanism during the recent crisis in the
U.S. market. It provides a numerical interpretation to the claim by Jaffee, Lynch, Richardson,
and Van Nieuwerburgh (2009) (p.71) who conclude: “The financial crisis occurred because
financial institutions did not follow the business model of securitization. Rather than acting as
intermediaries by transferring the risk from mortgage lenders to capital market investors, they

)

became the investors. They put ‘skin in the game”’. A counterfactual exercise, presented in the
paper, shows that if only financial institutions had followed ’the business model of securitiza-
tion’, the U.S. output fall in the Great Recession would account only to about one third of the
observed. These results hold even if we assume that the subprime defaults are at the pre-crisis
level. This is because non-financial agents can cushion subprime defaults better than capital-
constrained financial intermediaries. Banks that hold MBS tranches whose value is falling in a
downturn deleverage to meet their capital requirements. As a consequence, the reduced lending
to households and corporations puts a strain on economy’s output. As such, my findings sug-
gest that the existence of the securitization market dampens business cycles under the condition
that financial intermediaries do not engage in the acquisition of securitized assets.

This paper presents a calibrated model in a linear New-Keynesian Dynamic Stochastic Gen-
eral Equilibrium (DSGE) framework that builds on models with credit frictions, particularly
collateral constraints (4 la Iacoviello, 2005). The focus is on the role of subprime mortgages and
securitization in the recent crisis, and the importance of the bank lending channel in the pres-
ence of binding capital requirements. The model incorporates some aspects of financial mod-
eling (mortgage-backed securities, MBS) into a standard macroeconomic framework, which
is the main contribution of this paper. Three different versions of the model are compared:
a benchmark model without securitization, a model with securitization in which only non-
financial agents buy securitized assets, and a model with securitization in which also financial
intermediaries acquire asset backed securities. The latter model can be seen as the most realistic
description of the crisis, while the former two are counterfactuals. I leave aside the modeling
of the portfolio decisions of agents. The aim of the exercise is much more modest; assuming
that securitization took place and securitized products were bought by different agents in the
economy, I want to investigate whether there is any difference in the reaction of the economy
to different shocks, depending on who is the ultimate bearer of the subprime risk.

It turns out that the securitization of subprime mortgages may have caused an amplifica-

tion of the crisis through the balance sheet effects of banks that were holding the securitized
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products. If MBS were held by non-banks, securitization would have had a positive effect of
risk-spreading, leading to a smoother response of output to different shocks. Securitization
itself thus cannot be blamed for the severity of the crisis. The results of this paper support
the proposition that in principle, securitization, even of the ‘dangerous’ subprime risk, makes
sense, because different market participants have different investment horizons and may be
better able to bear the credit risk than the originator. Ideally, securitized products would end
up in the portfolios of institutions such as pension funds that can cushion short-term losses
better than financial intermediaries. The problem occurs if banks themselves engage in such
transactions, because they mainly rely on short-term funding and play the role of financial
intermediary in the economy. IMF (2009) reports that, at the end of 2006, banks accounted
for ca. 51% of total financial institutions’ (banks, hedge funds, insurance companies, finance
companies, mutual funds, pension funds) exposure to the subprime market, either directly or
indirectly (see Acharya, Schnabl, and Suarez, 2013).! The present model shows that, if banks
facing capital requirements buy MBS tranches, which lose value in the downturn, the capital
requirement gets tighter, so the whole intermediation process is disrupted. Through the delever-
aging process, lending to other agents in the economy declines, causing a credit crunch, partial
termination of production and a fall in output. The model demonstrates the relevance of this
process in a general equilibrium framework and offers a theoretical explanation for the negative
correlation between subprime defaults and commercial lending observed for U.S. banks during
the crisis. It is important to note that, although this paper is motivated by the events in the
subprime securitization market and hence, I model specifically the securitization of adjustable-
rate mortgages, the main mechanism through which securitization impacts the economy in the
model is the balance sheet dynamics of financial intermediaries. Therefore, the model is also
applicable to the securitization of different types of assets, not only mortgages.

The present paper relates to three main strands of the literature. It is an extension of Ia-
coviello (2005) that relies on the seminal paper by Kiyotaki and Moore (1997). In both models,
the importance of collateral constraints and the imperfect enforcement of lenders’ rights that
lead to the establishment of a certain loan to value ratio are emphasized. Iacoviello (2005)
focuses on loans backed by real estate, which makes his model a natural starting point for my
exercise investigating the role of subprime securitization. I extend the model by adding the
two-sector banking industry and considering the securitization of subprime loans. The bal-
ance sheet effects discussed in the paper resemble dynamics occurring in lacoviello (2014) that
models the consequences of an exogenous fall in banks’ equity. The second strand of literature
important for this paper is mainly represented by Adrian and Shin (2010) and Adrian and Shin

(2011) that focus on the balance sheets of financial intermediaries and the empirical proper-

! Due to the Rule 114A, adopted in 1990, allowing unregistered release of certain securities to so-called qualified
institutional buyers, it is very difficult to assess the financial sectors’ exposure to the subprime risk.



Anna Grodecka: Subprime Borrowers, Securitization and the Transmission of Business Cycles

ties of the behavior of banks. Lastly, the empirical evidence on the recent crisis delivers many
insights. The present paper mainly relies on a comprehensive study of Gorton (2008), who
describes in detail the subprime mortgage market in the U.S. and the securitization of subprime
mortgages. Another important reference is Gorton and Souleles (2007) who describe the basics
of the securitization process. Hellwig (2009) also delivers an extensive descriptive analysis of
the events leading to the Great Recession.

When it comes to the modeling of securitization in a general equilibrium macroeconomic
model, to my knowledge only three attempts have been made, and all of them focus on the
problem of asymmetric information. Faia (2011) models the secondary market for bank loans
in a model in which several economic agents face a moral hazard problem. On the one hand,
capital producers that obtain funds from banks may choose to exert low effort, which under-
mines the success probability of their project, but provides them with a private benefit. On the
other hand, the incentive to monitor the projects decreases for bankers, once a secondary mar-
ket for loans exists. Faia (2011) concludes that the existence of secondary markets amplifies
the dynamics of macro variables. Hobijn and Ravenna (2010) model securitization in a setup
with banks that have access to costly screening which provides them with information about the
credit score of borrowers. Borrowing households are either honest or dishonest, which leads
to default events. Hobijn and Ravenna (2010) demonstrate that securitization reduces the equi-
librium interest rates, and the decline is most pronounced for riskier, subprime borrowers who
gain the most from the securitization process. The authors examine the response of financial
variables, such as interest rate spreads, to a monetary and financial shock and conclude that with
securitization the reaction of financial variables is amplified in comparison to a standard New-
Keynesian model. Lastly, Kuncl (2014) analyzes the role of asymmetric information in the
secondary loan market, in a setup in which firms with profitable investment opportunities sell
the cash-flows from their projects to firms with low or no investment opportunities. Although
all three papers deal with securitization, the focus and modeling devices applied in these papers
differ considerably from the setup in this paper. Firstly, [ focus on the real estate market, which
is not described in any of the discussed papers. Secondly, in this paper, the intermediation role
of banks (absent in Kuncl, 2014) plays an important part, as well as the interbank market. Fi-
nally, while information asymmetry is at the heart of analysis of the other three papers, in this
work it appears only indirectly through the existence of borrowing and capital constraints.

Why is it important to consider recent developments in a general equilibrium macro frame-
work when the finance and microeconomics literature deliver a fairly good description of eco-
nomic agents’ incentives and amplification processes caused by financial frictions? The general
equilibrium macroeconomic setup is especially useful for examining the positive aspects of se-
curitization through inter-market linkages and quantifying them. To show why securitization

may smooth out the business cycle, I explicitly model the interbank sector. When distinct finan-
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cial intermediaries are connected through loan and deposit contracts (i.e. assets of one banking
institution correspond to liabilities of another banking institution), changes in the balance sheet
of one of them will automatically lead to changes in the balance sheet of the second interme-
diary. Securitization of subprime loans releases the pressure on the subprime loan originators’
balance sheets, which, through the interbank market, has a positive effect on the balance sheets
of other financial intermediaries in the economy, since they finance subprime lenders with
deposits. This positive aspect of securitization is present in all versions of the model with
securitization that I consider. However, the overall impact of securitization on the economy
depends on other endogenously arising processes. It turns out that the effect on business cycle
fluctuations may be amplifying, if the deleveraging effect, present in the model with banks in-
vesting in MBS, is stronger than the positive effect of securitization. Moreover, deleveraging
may lead to a vicious circle of falls in asset prices and further deleveraging (Adrian and Shin,
2010), leading even to instability of the system, if capital requirements imposed on banks are
very low. Low capital requirements lead to higher leverage and subsequently, more pronounced
deleveraging, when a negative shock hits the economy.

The model presented in this paper is complex, as it incorporates agents differing in their
impatience level, two types of bankers, as well as diverse collateral constraints. Yet, the main
mechanism presented in the paper is simple - binding collateral constraints faced by financial
intermediaries may lead to disruptions in the lending market and may amplify losses from
an exogenous negative shock, leading to a decline in output. I show that to understand the
impact of securitization on the financial intermediation market, one has to take into account the
heterogeneity among banks and their effectively different capital requirements resulting from
different portfolios. The analysis of the banking and the interbank market is very important, as
it matters not only whether the securitized products are being held by the banking or the non-
banking sector, but also which bank holds which kind of products. In what follows, I describe
the peculiarities of the subprime market (Section 2.1) and some empirical relations between
the MBS and commercial loans observed in the data during the crisis (Section 2.2), which will
make the interpretation of chosen assumptions and modeling devices easier. Section 3 presents
the baseline model and Section 4 is its extension with securitization. The main results are
presented in Section 5, and Section 5.3 presents the results of the experiment, which provides
the counterfactual for the crisis. Section 6 presents sensitivity analysis. The main conclusions

of the paper are summarized in Section 7.
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2. Stylized Facts

2.1. Subprime Mortgage Market

It is remarkable that the events in the subprime mortgage market are important for the un-
derstanding of the roots of the crisis, because subprime borrowing accounts for only a small
percentage of the whole mortgage market (the share of subprime originations is depicted in
Figure 1). Although there is no exact definition of a subprime borrower or market, there are
certain features common to all subprime loan contracts. Compared to prime borrowers, sub-
prime borrowers have lower creditworthiness, as they sometimes even lack income or collateral
(so called “NINJAs” - No Income, No Job or Assets, see Jovanovic, 2013). Their LTV ratios
are higher than in the case of prime borrowers.?

Since subprime borrowers often do not have well-documented assets or income, it poses a
challenge to create a loan contract that will enable them to pay the installments. The solutions
to this problem were hybrid adjustable rate mortgages of type 2/28 or 3/27, in which the first
period’s (2 or 3 years) interest rate was fixed and the rest (28 or 27 years respectively) was
varying. The shift from the fixed interest rate to the adjustable one occurred at a previously
specified reset date. As Kliff and Mills (2007) note, before the outbreak of the crisis, these
hybrid mortgages made up about two thirds of all ARM (adjustable rate mortgage) originations
and were basically short-term fixed rate mortgages that converted into an adjustable rate mort-
gage after the initial period. Gorton (2008) explains how this kind of contract can be interpreted
as a short-term contract, whose conditions depended on the changes in housing prices. In line
with that interpretation, Amromin and Paulson (2010) provide evidence of a high sensitivity
of defaults to changes in home prices among subprime borrowers already in the years before
the crisis, compared to a very low sensitivity among prime borrowers (for 2004: -0.183 for
subprime borrowers and -0.00166 for prime borrowers). The short-term characteristics of sub-
prime loans as well as their high sensitivity to housing prices observed in the data enable me to
model the subprime loan contract as a one-period contract with the possibility of default linked
to changes in house prices.

How do developments in the subprime mortgage market relate to the economic performance
of the U.S.? Figure 1 presents subprime loans originations as a share of the total market, non-
agency securitization activity (RMBS - residential mortgage backed securities - and securities
based on home equity loans), as well as the real GDP growth rate. The peak of subprime
originations coincided with the peak in non-agency securitization activities and both of them

almost dried out in 2008 (further data for subprime originations not available). This reflects

2 More details on comparison between prime and subprime borrowers and their default and foreclosure statistics,
both for adjustable and fixed interest rate loans, are provided in Appendix A.
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Figure 1: Subprime market and real GDP (annual data)

the fact that securitization was the main financing method for subprime originations.®> The
majority of subprime mortgages were pooled together and sold in the financial market as MBS,
which were often a base for a further securitization instrument - a collateralized debt obligation
(CDO).* Subprime originations peaked in 2006, while the 4th quarter of 2006 denotes the peak
in the U.S. house price index (USSTHPI). The developments in the housing and mortgage
market led the changes in U.S. GDP growth.

2.2. MBS and Commercial Loan Holdings by Banks

As the banking sector and its holdings of MBS are crucial in this paper, I investigate the
asset side of the balance sheets of U.S. banks. Figure 2 presents the fraction of MBS holdings,
commercial real estate loans and commercial loans (all loans to firms, including real estate) in
all bank assets over time.> It is visible that the fractions of MBS and commercial real estate
loans went into opposite directions from ca. 2007.° The divergence in the fractions of MBS and

commercial real estate loans is preceded by a large surge in subprime default rates that started

3 A more detailed description of securitization process in provided in the Appendix B.

# The ratio of securitized subprime/Alt-A mortgages rose from 46% in 2001 to 93% in 2007 (Geithner, 2011,
p-11). Alt-A mortgages are mortgages with characteristics that places them between prime and subprime mort-
gages.

3 The graph is generated using data for large domestically-chartered commercial banks that are a good proxy for
all U.S. banks and are chosen due to the better availability of data. A detailed data description is available in
Appendix D.

6 An analogous graph for lending levels that exhibits the same pattern can be found in Appendix C (Figure 16).
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Commercial loans and total MBS holdings as % of total bank assets
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Figure 2: Composition of large banks’ balance sheets

in 2006 and coincided with the beginning of the fall in housing prices (see Figure 15 in the
Appendix C). The fraction of MBS and commercial real estate loans were approximately equal
when expressed as a percentage of U.S. bank assets until the subprime default rates began
to increase. Only with an increase in subprime delinquencies did the fraction of total MBS
rise and the fraction of commercial real estate loans fall, suggesting that securitized assets
experiencing a fall in value may have crowded out lending to entrepreneurs. The correlation
between the fraction of commercial real estate loans on the asset side of the bank and the
subprime default rates for the crisis period is clearly negative (see Figure 17 in Appendix C).
The negative correlation does not imply any causal effects, but this paper offers an explanation
for the empirical facts. Rising subprime default rates lead to a fall in the value of subprime
loans or securitized products backed by these loans. This puts a strain on banks’ balance sheets
and forces them to deleverage, which reduces lending to firms. Why does the fraction of held
MBS increase during the crisis despite the rising default rates on these securities? The banks,
even if they wanted, could not sell the toxic assets as the market for them dried out when the

scale of the crisis was made public: subprime MBS suddenly became illiquid.’

" The omnipresent illiquidity prompted the Federal Reserve to introduce some of its pro-
grams aimed at increasing liquidity, seehttp://www.marketwatch.com/story/
fed-starts-program-to-buy-illiquid-mortgage—-assets, but the first acquisitions of
toxic assets in 2009 were focused on guaranteed agency mortgages whose boom and bust was less pronounced
than developments in the non-agency mortgage market. In fact, it turns out that the role of government is
decisive for the shape of the graph shown in Figure 2. Figures 19 and 20 in the Appendix C provide more
empirical evidence on that.


http://www.marketwatch.com/story/fed-starts-program-to-buy-illiquid-mortgage-assets
http://www.marketwatch.com/story/fed-starts-program-to-buy-illiquid-mortgage-assets
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3. The Benchmark Model

The model economy is inhabited by households that differ in their degree of impatience. All
households offer labor services to entrepreneurs producing intermediate output. Households
consume final goods and derive utility from housing services. Patient households save in the
form of deposits kept at commercial banks that grant loans to entrepreneurs and offer loans
on the interbank market. It is assumed that all impatient borrowers have subprime characteris-
tics: they borrow from a subprime lender against housing collateral.® The collateral constraints
faced by borrowers determine the amount they can borrow from the bank, while bankers set the
interest rates on loans, taking into account different borrowing constraints and default probabil-
ities. The debt contracts in the economy are written in nominal terms, as in Iacoviello (2005).
The financial connections of the agents are shown in Figure 3. There is a central bank in the
economy implementing a Taylor rule and choosing the interest rate on deposits. Retailers, who
produce a final good out of the intermediary good, are the source of nominal stickiness in the

economy.

3.1. Patient Households: Savers

The problem of patient households (‘savers’) is identical to the one in Iacoviello (2005) with
one difference: instead of providing loans to households and entrepreneurs, they save in the
form of one-period deposits held at banks. Patient households consume, work and accumulate
housing. Their optimization problem and the First Order Conditions (FOCs) are presented in

Appendix E.1.

3.2. Impatient Households: Subprimers

Impatient households are borrowers in the model economy. The feature that distinguishes
them from impatient households modeled in Iacoviello (2005) is that they may default on their
loan obligation, with the default rate sensitive to house prices, which reflects the adjustable-rate
feature observed in the data.

Impatient subprime households have the following utility function:

Sub
o0 LSubn
max E, Z BS“b’t log cf“b + j¢ log hf“b "

bfuth%S'ub’L%S'ub —

—nSub , 3.1

8 Previous versions of the paper (Grodecka, 2013, Grodecka, 2014, chapter 1 in Grodecka, 2015) included also
the existence of prime borrowers who may borrow for long-term and do not default on their loan obligations.
The existence of prime borrowers has a quantitative impact on the results of the paper (it dampens the responses
to the shocks shown in the paper), but does not change them qualitatively. Given the complexity of the paper
and the fact that this feature is not crucial for the paper’s main result, in this version of the paper I leave the
discussion of prime borrowers out.
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Figure 3: Financial connections in the benchmark model

where ¢ denotes the subprimers’ consumption of the final good, j; is the marginal utility of
housing subject to random disturbances (following Iacoviello, the disturbance is common to
patient and impatient households, and is a proxy for a housing demand or housing preference
shock), h;"? is the housing stock held by subprime households, L7* denotes labor supply of
impatient subprime households. The budget constraint of the impatient subprime household in

real terms is:
" 4 g (R — B 4 (1 — 0y ) Rg 167" J 7y = 070 + w0 LY, (3.2)

where R, is the nominal interest rate on subprime loans b7, ¢, = Q,/P; denotes the real

housing price, m; = P;/P,_ is inflation and

53,1& = 55 - ¢s,h<qt - Q) (33)

is the default rate on loans (0, denotes the positive steady state value of default rate, Q is the
steady state value of housing prices,’ ¢, ;, denotes subprimers’ default sensitivity to house price

changes). The dependence on house prices is chosen to capture the high sensitivity of the hy-

° The price level in the steady state (P) equals 1.

10
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brid subprime mortgage contract to changes in housing prices and its gamble characteristics.'”
Subprime lenders bet on an increase in house prices because they may then expect a lower
than predicted default rate and thus, faster repayment of the loan.!! Note that the debt con-
tracts in this model are written in nominal terms (following Iacoviello, 2005), which reflects
the majority of loan contracts in low-inflation countries.

Impatient households may borrow against the future value of their housing collateral:
Rs,tbfu{) < mSUbEt(Qt+17Tt+1)thUb, (3.4)

where m®>“* determines the LTV ratio for subprime borrowers.

The FOCs of subprime borrowers are presented in Appendix E.2.

It is important to note that, although the collateral constraint of subprime borrowers does
not refer to their possible default, the interest rate paid on their subprime loans includes the
default premium. They pay a higher interest rate reflecting their ex ante probability of default.
The subprime interest rate is determined by the subprime lenders’ optimization problem, see

equation 3.14.

3.3. Entrepreneurs

The problem of entrepreneurs is similar to that in Iacoviello (2005) with the exclusion of
capital accumulation and investment conducted by firms.'? They produce intermediate output
priced at P,", using housing stock and labor provided by households, and sell it to retailers.
They borrow short-term to cover their expenditures, facing a collateral constraint analogous
to the one faced by households. Their optimization problem and the FOCs are presented in
Appendix E.3.

3.4. Retailers

The problem of retailers is identical to that in Iacoviello (2005). They are the source of price

stickiness in the economy. I present the equations concerning the retailer sector in Appendix
E.4.

10 Forlati and Lambertini (2011) consider a model with risky mortgages and endogenous default rate arising from
idiosyncratic shocks to households’ housing investment, which is also a proxy for modeling negative home
equity and its consequences. However, in their model firms do not borrow capital from financial intermediaries,
so one important transmission channel of the crisis is excluded.

' Given the formulation in equation 3.3, theoretically, when a large shock occurs, the default rate can turn neg-
ative. However, the positive steady state rate of default, as well as the fact that in a log-linearized model only
shocks of a small amplitude can be considered, prevent this from happening in the current setup.

12 Capital and investment were part of the model in the earlier version of this paper, Grodecka (2013), and their
inclusion does not change the results qualitatively, so for simplicity reason they were left out from this analysis.

11
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3.5. Bankers

3.5.1. Commercial Bankers

Commercial bankers collect deposits from patient households and issue loans to entrepreneurs.
They also provide interbank loans for subprime lenders that operate as a bank.!> Commercial

bankers maximize utility from their consumption ¢, (as in Iacoviello, 2014):'4

max Ey » _ Bj(log ci), (3.5)

Co,t -0
where (3, is assumed to be lower than the discount factor of patient households (necessary
condition for the capital requirement to be binding - see lacoviello, 2014).
The budget constraint of bankers is:
Rb,t—lbbt—l Re,t—lbe,t—l

Ry, 1d,_
Coy 4+~ 4 pby 4 by = dy + + , (3.6)
Tt Tt Tt

where Ry, is the interest rate on deposits d;, bb; denotes interbank lending and 7y, is the
interbank interest rate, b., are the loans to entrepreneurs and 2., ; is the interest rate on
corporate loans.

The commercial banker’s balance sheet looks as follows:

Assets Liabilities

Interbank loans: bb; Deposits d;

Loans to entrepreneurs: b.; | Equity eg;

Thus, a Basel-type capital requirement, given exogenously, has the form:

bby + be — d;
— Xlntbbbt + XFirmbe,t,

(3.7

13 The distinction between commercial and subprime bankers is not necessary for the benchmark version of the
model, but becomes important once securitization is introduced into the model economy. The evidence from
the U.S. suggests that there were several banks and financial intermediaries that specialized specifically in the
subprime market.

Note that this formulation considers a risk-averse banker. Although financial intermediaries are often considered
to be risk-neutral, there is some evidence of their risk-aversion (see Ratti, 1980 and Angelini, 2000). More
recently, examining interest rates for different deposit maturities for a set of U.S. banks, Nishiyama (2007)
concludes that individual banks’ relative risk aversion coefficients fall between 0 and 1 (most likely around
0.2), which means that they are slightly risk averse. The log-utility function is characterized by the decreasing
absolute risk aversion and constant relative risk aversion of order 1, it is thus higher than the estimates of
Nishiyama (2007). However, in the current setup the degree of risk-aversion does not matter. As the model
is solved using the log-linearization technique, it has the feature of certainty equivalence: what matters for
the solution are the first order-moments of variables, but not higher-order moments, such as variance. Since
uncertainty does not play a role under the first-order-approximation, the solution of the model would not change
if T assumed the risk-neutrality of bankers.
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Intb Firm

where y are risk weights of assets and 7 denotes an equity ratio set by a regulator.

<X
The condition states that the ratio of equity (defined as assets minus deposits) to risk weighted
assets has to exceed some exogenously chosen number.

The FOC:s of the bankers’ problem determine the interest rates paid on deposits and different
types of loans (G; denotes the Lagrangian multiplier on the capital requirement):

W.I.t. bbt

1 R
— = BBy (L) + (1 —7x"™)Gy, (3.8)
Cot Cot+1Tt+1
w.r.t. by
1 Re irm
— = BbEt<—’t) + (1 = ™)@, (3.9)
Cot Cot+1Tt+1
Ww.I.t. dt
1 R
i BbEt(¢) + G, (3.10)
Cot Cot+1Tt+1

The interpretation of equations 3.8 to 3.10 is crucial for understanding the main result of the
paper. The equations without considering the Lagrangian multiplier on the capital requirement
represent typical Euler equations, saying that the banker must be indifferent between consum-
ing one unit of consumption today, and lending one unit today and consuming it tomorrow.
The capital requirement of bankers introduces a wedge between the cost and marginal gain
from lending. Its bindingness influences the bankers’ decisions between consumption and bor-
rowing/lending and gives rise to the process of deleveraging. This results in a shrinking balance
sheet in the face of a negative shock, as bankers are impatient and prefer to consume rather than

raise equity or increase their lending.

3.5.2. Subprime Lenders

Subprime lenders operate as financial intermediaries that collect deposits bb; from the inter-
bank market and issue subprime loans b;"’.

Their optimization problem is:

E t (] 3.11
Ig?f( 0 ; By (log Copt), ( )
s.t.
Chp,t 1 btsub + Rb,t—lbbt—l/Wt = b, + Rs,t—l(l - 5svt)bf}f/ﬂt’ (3.12)

where ¢y, + denotes subprime lenders’ consumption. I assume that subprime lenders hold a re-
serve for future losses, taking into account the ex ante (steady state) default rate. The subprime

banker’s balance sheet is:
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Assets ‘ Liabilities

Loans to subprime borrowers: b?%’ | Interbank deposits bb;

Loss reserve —d,b5% Equity egq

Thus, a Basel-type capital requirement, given exogenously, has the form:

Sub (1 - 5s)bfm) - bbt
S S S (3.13)

where the risk weight on subprime loans is denoted by x°“* and 75" is the capital ratio im-

posed on subprime lenders by the regulator.

The FOCs of the subprime bankers’ problem (GG, denotes the Lagrangian multiplier on the

capital requirement of subprime lenders) are:

w.r.t. bub
1 Ry (1 — 0
R — BbbEt< ,t( ,t-i-l)) + (1 o TSubXSub)<1 o 55)GGt7 (314)
Cob,t Cobt+1Tt+1
w.r.t. bb,
1 R
— = Bk <—b’t > + GG, (3.15)
Cob,t Cob,t+1T¢+1

Equation 3.14 determines the interest rate paid on subprime loans and makes clear that when
pricing the subprime loan, the subprime lender takes into account the default probability of the
borrowers. As a consequence, the steady state interest rate on subprime loans is higher than
that of loans with a zero default probability.

3.6. Central Bank

The central bank implements a Taylor type interest rate rule (identical to Iacoviello, 2005). It
is assumed that the interest rate set by the central bank equals the interest rate paid on deposits

(disregarding reserve requirements):

Y, Ty 1—r
Ryt = (Rgt—1)™" (thff” <t71> 7“‘7“) ReeR’t. (3.16)

3.7. Market Clearing Conditions

Following Iacoviello (2005), I assume that real estate is fixed in the aggregate. The market

clearing condition for the housing market is:

1= h5avers 4 hS™ 4 b, (3.17)
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The goods market clearing condition is given by:
Yy = 7 4 7 A Coy A+ Cop F G (3.18)

The market clearing conditions for labor are defined by equations E.5 and E.15 for the pa-
tient households’ labor supply and demand, and by equations E.8 and E.16 for the impatient
subprime households. The lending to different agents is determined through their collateral
constraints, while the market clearing conditions for the loan and deposits markets are given by

the capital requirements of the bankers (equation 3.7 and 3.13).

4. Model with Securitization of Subprime Loans

The data provides evidence for the importance of securitization in subprime lending. The
majority of subprime loans have been securitized, first in the form of a RMBS, which often
was a building block of CDO structures. Usually, different subprime borrowers have different
default probabilities, so securitization may be a way to average the risk on subprime exposure.
In the present model, all subprime borrowers have the same default rate, which can be inter-
preted as a default rate representing the mean of the aggregate distribution over all subprime
borrowers, who differ in their default sensitivity at an individual level. Typically, an MBS
structure consists of three tranches: senior, mezzanine and equity. To simplify the computa-
tion, I assume that the model’s RMBS consists only of two tranches: senior and equity. Figure
4 illustrates the payoff functions of investors in the RMBS.

Face value of MBS:
Sy = Rs,t—lB},SZLb

Payoff of the senior tranche

Senior tranche Ps ¢+ = min(St — fSt. St — Losst)
A rated

Attachment point f

Equity tranche Payoft of the equity tranche
C rated P, + = max(fSt — Lossy, 0)

Figure 4: A two-tranche MBS (face value written in nominal terms)

The security is a pass-through security, which means that the nominal loan proceeds are

redistributed to the MBS investors. The smaller the loss on the underlying loan portfolio (de-
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termined by the default rate), the larger is the payoff of equity tranche investors. The size of
the equity tranche, determined by the parameter f, called the attachment point in the CDO
jargon, defines the maximum risk exposure of equity tranche investors.'> If there is a loss on
the underlying loan portfolio, the equity tranche investors get the difference between the size of
the equity tranche and the loss. However, if the loss exceeds the size of the tranche, the equity
tranche investors simply get nothing from their investment, and the senior tranche investors
begin to suffer. Their payoff function is a minimum function. They either get back the tranche
size, or the difference between the face value of the MBS and the loss (in the case where losses
are bigger than the size of the equity tranche). Ps; = min(S; — fS:, Sy — Loss;) denotes the
payoft of senior tranche buyers, and P, ; = max(fS; — Loss;, 0) denotes the payoft of equity
tranche buyers, where the principal of the MBS is (in real terms) S; = R&t_lbff{’ /7, and loss
equals d;,S;.1

To quantify the importance of the engagement of commercial banks in the securitization
process, I consider two cases. In the first case, I assume that the generated MBS tranches
are bought by patient households (because they are more patient, they acquire claims on the
senior tranche) and entrepreneurs (because of their degree of impatience, they are more prone
to acquire claims on the equity tranche). In the second case, I assume that the commercial
bankers buy the senior tranche of MBS and the entrepreneurs invest in the equity tranche.!”
In both cases, subprime lenders retain a vertical fraction ¢ of the issued security (equivalent to
retaining a percentage ¢ of cash flows).!®

Why might commercial bankers buy claims on MBS? One reason may be the diversification
of their credit risk and the exposure to a different credit market. Also, they may be as optimistic

as subprime borrowers are, and believe that housing prices will continue to rise. Moreover,

15 Gorton (2008) argues that subprime securitization differs from the securitization of other assets because the
tranche sizes are not fixed. There is dynamic tranching as a function of excess spread and prepayments, so the
whole structure is sensitive to house prices. At the beginning of the existence of a subprime MBS, the equity
tranches are usually very thin and along with repayments of the subprime loans they reach their target level.
However, if house prices decline from the very beginning, the equity tranche remains very thin and thus senior
tranche holders are subject to a very large subprime risk (that was the case for MBS issued in 2006 and later).
This works as another amplification mechanism in the design of subprime security. Including varying tranche
sizes in the model would thus amplify the effects of shocks in the economy.

16 The payoffs of equity and senior tranche holders resemble payoffs from investment in European options. More
information on the option characteristics of MBS tranches is given in Appendix F. In order to solve the model
with the non-linear payoff functions for the MBS tranches, I use the piecewise linear perturbation solution as
presented in Guerrieri and Iacoviello (2015). Grodecka (2015) uses the logistics approximation of the maximum
function, which delivers the same qualitative and very similar quantitative results, but is less accurate.

17 One could also assume that one and the same agent buys both tranches. In that case, the conclusions of the
paper hold: if only non-financial agents in the economy buy MBS tranches, securitization results in a damp-
ending of business cycles, but whenever also commercial banks buy MBS tranches, securitization results in an
amplification of business cycles.

18 In general, the literature discusses three main types of retention: vertical slice retention, horizontal slice reten-
tion, and an equivalent exposure of the securitized pool, discussed further in Geithner (2011). In the present
model’s case, vertical slice retention generates the same payoff for the bank as equivalent exposure.
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senior tranches usually have the highest possible rating, so the risk weight on them is very
low and the purchase has a positive impact on the balance sheet of banks. The regulatory
capital arbitrage is the reason why subprime lenders may want to conduct securitization and
why commercial bankers may want to buy certain tranches, as described in Jones (2000). Why
might patient households and entrepreneurs buy MBS tranches? For them, this investment
is just another possibility to smooth their consumption. It is reasonable to assume that other
agents than banks were mostly exposed to losses on equity tranches of MBS, given that the
residual tranches of securitized assets had much larger risk-weights than the senior tranches
after the introduction of the so-called 'recourse rule’ by Fed in 2001. As such, banks had much
more incentives to hold senior MBS tranches.

I assume that certain agents in the economy invest in MBS securities, and I do not model their
decision as a portfolio choice decision, which allows me to use the first order approximation to
solve the model.!® For answering the research question of this paper this approach is sufficient,
as I do not aim to explain how the securitized assets were distributed among the investors.

Securitization changes the capital requirement faced by originators of the subprime loans,
as they may remove part of the risk from the balance sheet due to the repackaging and sale of
the assets. In the case of entrepreneurs and patient households who buy MBS tranches, their
budget constraint changes to include the new asset acquired, and the FOC with respect to the
new asset determines its price. When commercial bankers invest in MBS tranches, apart from
a changed budget constraint, the capital requirement of the bankers also changes in order to
include the new asset into the balance sheet of the investor. The following subsections 4.1 and
4.2 present the equation that are changed in the model with securitization with respect to the
bechmark model presented in section 3. If not stated otherwise, all remaining equations remain

exactly the same as in the benchmark model.

4.1. First Version: Patient Households and Entrepreneurs Invest in MBS

Tranches

In the first version of the model with securitization of subprime loans, patient households
invest in the senior tranche, and entrepreneurs in the equity tranche.

The budget constraints of investors change and a new term describing investment in the
derivative security appears. First, denote the payoff of the senior tranche E;[min(S;41 —
fSts1, St41 — 0s1415:41)] as MBS, and the price of the senior tranche by p,;. Then, the

budget constraint of the patient household is (remember that subprime lenders retain portion t

19 For the determination of the portfolio choice, higher-order solutions have to be used, as under the first order
approximation, the equilibrium portfolio is not determined (Devereux and Sutherland, 2010).
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of every tranche):

Cfavers + qt(hfavers o hf_a}zers) + dt + (1 o t)ps,tMBSs,t —
Rayady 1 /7 +w; s LI 4 F, 4+ (1 —t)MBS, ;1. (4.19)

In each period, the patient household gets revenue from investing in the senior tranche and buys
a claim on future proceedings from investment in MBS. The FOCs of prime households do not

change, but there is a new equation determining the price of the new claim:

1 1

ﬁ Savers Ds,t Savers * (420)
Cit1 Ci

Analogously, denote the terms describing the investment in the equity tranche F;[max(f Sy 1 —
dst+15t41,0)] as MBS, ; and max(fS; — 054S5t,0) as MBS, ;1 and the price of the equity
tranche by p. ;. Then, the budget constraint of the entrepreneur is:

Y,
o ber+ (1= )M BS, oy =
Xy
R,
Cet + qt(het — hes1) + 7: ! bet—1 + wfaveTstavers + wwatSUb + (1 —t)pet MBS, ;.
t
(4.21)
The FOC w.r.t to the new claim is:
1 1
= Pet—- (422)
Ce t+1 C