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Abstract

During the financial crisis of 2008, origination and trading in asset-backed securities markets
dropped dramatically. I present a model with ambiguity averse investors to explain how such a
market freeze could occur and to investigate how ambiguity affects origination and securitization
decisions. The model captures many features of the crisis, including market freezes and fire
sales, as well as the timing and duration of the freeze. The presence of ambiguity also reduces
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as the role of policies that reduce ambiguity during market freezes.
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1. Introduction

Financial intermediation has traditionally involved banks taking deposits and making
loans to firms and consumers. Recently, however, the intermediation process has become
market-based, in that banks also borrow money, securitize loans, and buy and sell securities in
the open market. This change was facilitated by the development of significant markets in asset-
backed securities (ABS) and collateralized debt obligations (CDOs).! This securitization process
has created securities that, prior to the financial crisis of 2008, were in high demand by investors.

However, during the recent financial crisis, many markets, including those of asset-
backed securities and CDOs, suffered from a lack of origination. In October 2008, the volume in
these markets essentially went to zero, as investors were unwilling to participate at any offered
price. Additionally, issuance of new securities ceased in many asset classes of ABS, as shown in
Figure 1. Contrary to standard economic theories, which suggest that the market should be able
to find an equilibrium price, trade halted in these markets. ABS markets did not begin to recover
until early 2009 when the Federal Reserve offered support programs to encourage investor
participation. However other markets, such as those of CDOs, which were not supported by any
government programs during the crisis, have still not recovered, as seen in Figure 2.

This paper develops a model of financial intermediation to explain the market freeze seen
in securitization markets during the crisis using ambiguity aversion. The first goal of the model is
to analyze how ambiguity aversion among investors influences both their participation decision
and the banks’ securitization decision. While previous work has shown how ambiguity can lead
to limited participation by investors, this model looks more specifically at the context of
securitization markets. Securitization markets may be more susceptible to ambiguity given the
complexity of the structure of these securities. Asset-backed securities are comprised of many
underlying assets with complicated default probabilities and correlations, which make assessing
the value of these securities difficult for some investors. This can be true even with full
information disclosure given time, modeling, and processing limitations. This is potentially why
markets trading ABS and CDOs completely collapsed during the crisis, while other markets were

more resilient. Further, the additional complexity of CDOs may contribute to their continued

L ABS markets trade securities whose values are based on the cash flows of underlying assets such as mortgages
(MBS), car loans, student loans, or credit card receivables. CDO markets trade securities whose values are based on
the cash flows of underlying assets such as high yield corporate loans (CLOs), high yield and investment grade
corporate bonds (CBOs), and other securitized products such as ABS, MBS, or other CDOs.
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stagnation. The second goal of the model is to understand how real investment, in terms of the
number of loans undertaken, is influenced by the possibility of facing ambiguity averse
investors.

The role of ambiguity aversion is illustrated by the Ellsberg paradox.? Ellsberg (1961)
shows that when individuals face uncertainty, they do not act as if they have a single prior, thus
violating the independence axiom of Expected Utility Theory discussed by von Neumann and
Morgenstern (1947) and Savage (1954). The distinction between risk and ambiguity was first
discussed by Knight (1921) and was formally developed by Schmeidler (1989) and Gilboa and
Schmeidler (1989). They suggest that an individual facing uncertainty will use their minimum
expected utility when making a decision. That is, from among his set of priors, the individual
will consider the one that yields the worst-case outcome. This max-min utility will characterize
ambiguity averse investors in my model.

The economy considered in this paper consists of banks, investors, and depositors. Banks
can originate risky loans with normally distributed returns. They can then either retain these
loans or securitize and sell them to risk averse and ambiguity averse investors. There are two
states of the world — one in which investors face ambiguity and one in which they do not. Given
the possibility of facing ambiguity averse investors, who may choose not to participate if
ambiguity is severe enough, banks originate fewer loans than they would otherwise.

The model captures many significant features of the crisis that existing explanations of
market freezes, including adverse selection, regulatory arbitrage, and neglected risks, also
capture. However, ambiguity aversion also depicts an important additional aspect — that is, both
the timing and, in particular, the duration of the crisis. Some existing theories suggest that, once
bad news comes into the market, a freeze can occur. However, despite negative information on
the housing market beginning to surface in mid-2007, securitization markets did not freeze until
late 2008. Additionally, while existing theories can explain how a liquidity crisis can occur, they
do not explain how one can persist. My model suggests that, given the presence of ambiguity, a

2 In Ellsberg’s experiment, an individual is presented with two urns. Urn one has 50 black balls and 50 red balls. Urn
2 has 100 balls in some unknown proportion of black and red. When given the choice between $100 if a black ball is
drawn from urn 1 and $0 otherwise, and $100 if a black ball is drawn from urn 2 and $0 otherwise, most individuals
choose the former gamble. This implies that the expected probability of black balls in urn 2 is less than 0.5. When
given the same choices except with a payoff if a red ball is drawn, most individuals will again choose the gamble
with urn 1. This implies that the expected probability of red balls in urn 2 is less than 0.5. However, the probability
of both black and red cannot be less than 0.5, suggesting that the individual has multiple priors due to the
uncertainty of the distribution.



market freeze can persist as long as investors remain uncertain about the expected outcome. This
helps explain why, even several years after the initial crisis, CDO markets are still stagnate
despite limited losses on these securities.

The model also captures another significant feature of the crisis, namely that it was not
just the financial markets that froze. Origination of new loans also declined in the real economy.
Banks did not invest in new loans, as they could not find buyers for their newly-created
securities and had limited funding since they were stuck holding older loans that they could not
sell. An important aspect of this model is the delay between when banks can originate loans and
when they can sell them to investors. As discussed by Jiang et al. (2014), there is often a several-
month gap between when a loan is originated and when it is sold given the time it takes to
acquire and tranche a pool of securities. This delay is longer for non-conforming, higher risk, and
other non-standard loans. The information revealed to investors during this time will influence
the amount they are willing to purchase and the price they are willing to pay. In this model, the
level of ambiguity is unknown during origination but is revealed prior to securitization. This can
result in banks being left holding their loans if markets dry up, which is consistent with what
happened during the crisis (Erel et al. (2014)). As a result, ambiguity can have significant real
effects on the supply of loans ex post once ambiguity is realized.

However, even more notable is that the presence of ambiguity can also reduce origination
ex ante. If banks anticipate that investors will face ambiguity and therefore be less willing to
participate in the secondary market, banks will originate less in the primary market in response.
An active secondary market can increase origination by providing an additional source of
funding for originators. However, ambiguity can reduce this benefit. Increased reliance on
securitization can lead to lower origination if investors are ambiguity averse, even if the state
with high ambiguity is not realized.

In addition to its impact on origination, the model shows how the presence of ambiguity
can affect the level of securitization. In many cases, banks securitize more of their loans when
investors do not face ambiguity. Securitization in the state with ambiguity is significantly
reduced when ambiguity is severe, additional investment opportunities are less profitable, or
expected payoffs are low. However, there are also cases in which securitization is high when
investors face ambiguity. In these cases, the potential ambiguity faced by investors is relatively

mild or the payoffs to securitization are relatively high. Accordingly, banks originate a large



number of loans funded by deposits. In order to repay their debt, banks may be forced to sell
securities at fire sale prices if the state with ambiguity is realized. Therefore, the model can
create both market freezes and fire sales, depending on the banks’ debt constraint, which is in
turn determined by the prevalence of ambiguity and the attractiveness of securitization.

The model also lends itself to a comparison of the differing impacts of risk and
ambiguity. Both increased risk, as measured by the variance of the distribution of returns, and
increased ambiguity will reduce the price investors are willing to pay for securities. However, the
bank can counteract the negative affect of risk by selling fewer securities because price is a
function of both risk and quantity. The price impact of higher ambiguity, on the other hand, is
strictly negative. Therefore, while the impact of risk on securitization is gradual, the impact of
ambiguity is more abrupt. Because of this, in certain regions, a small change in the level of
ambiguity can have a large effect on the origination and securitization decisions of the bank. As
a result, market characteristics or policies that are able to reduce ambiguity can be very effective
in improving market conditions.

Given the adverse effects of ambiguity on investor participation, securitization market
liquidity, and the availability of credit in the real economy through bank lending, the model can
be used to address the role of policy interventions in ameliorating these issues. As the model
shows, risk retention requirements, such as the Dodd-Frank requirement that securitizers retain
5% of the credit risk of their securitized assets, are insufficient to address ambiguity concerns.
Rather, effective policies must directly reduce ambiguity for investors. A prime example of such
a policy is the Term Asset-Backed Securities Loan Facility (TALF), which offered loans to
investors in the ABS market during the financial crisis from early 2009 through mid-2010. Since
these loans were nonrecourse, the program essentially put a floor on the amount of losses an
investor could face. This improved the worst-case outcome considered by investors, thereby
reducing the amount of ambiguity. TALF was instrumental in both increasing ABS issuance and
decreasing spreads as investors began to participate in the market again (Nelson (2011),
Campbell, Covitz, Nelson, and Pence (2011)). Given the distinct equilibria that can arise as a result
of ambiguity, policies that reduce ambiguity can have a positive impact on both origination in the
real economy and participation in the financial markets, provided they shift ambiguity enough to
change the market equilibrium.



This paper is related to three areas of the existing literature. First, it adds to the literature
on limited market participation. Several explanations have been proposed to explain limited
participation. Numerous studies, beginning with Allen and Gale (1994), have shown that a fixed
participation cost can prevent full participation and can lead to a magnified impact of a small
liquidity shock. However, models that are based on costs that are constant over time cannot
explain the sudden change in market participation seen during the financial crisis. Alternatively,
recent studies, including, among others, Cao et al. (2005), Garlappi et al. (2007), Epstein and
Schneider (2007), Easley and O’Hara (2009, 2010), and Guidolin and Rinaldi (2010, 2013), have
shown that ambiguity aversion can cause limited participation. The current model adds to this
group of papers by allowing the degree of ambiguity to vary across states, which helps explain
the sudden shift in participation seen in the securitization markets during the recent crisis.

Second, the model contributes to the literature on market freezes, specifically in the
context of securitization markets.2 There are several existing explanations of why market freezes
can occur, including adverse selection, regulatory arbitrage, and neglected risks. These theories
are examined in detail by Tirole (2011) and Leitner (2011) and will be discussed further in
Section 5. An alternative explanation that is presented herein is ambiguity aversion, which is not
mutually exclusive of these preceding theories, but serves to capture some features of the crisis
that were not previously addressed. Uhlig (2010), which also looks at ambiguity aversion in the
context of securitization, argues that ambiguity aversion can capture features of the crisis that
adverse selection cannot. In particular in that model, under ambiguity aversion, a larger market
share of distressed institutions can lead to a systemic bank run, as was seen during the crisis,
while adverse selection predicts the opposite. Similarly, my model explains other features of the
crisis that the alternative theories do not. Specifically, the model can explain both the timing and
duration of the market freeze seen during the crisis. Additionally, it examines the securitization
decision of the bank more specifically to understand how the bank’s retention decision is made.
Lastly, my model explains the freeze both in the financial markets and in lending in the real
economy.

Lastly, the model contributes to understanding the link between financial intermediation

(banks’ securitization decisions) and the real economy (banks’ loan origination decisions). Of

3 This is also closely related to the literature on fire sales. See, among others, Coval and Stafford (2007), Diamond
and Rajan (2011), and Shleifer and Vishny (2010a).



particular interest is how limited market participation of investors due to ambiguity can influence
the number of loans intermediaries are willing to finance. The prevailing literature suggests that
securitization will increase investment both by providing a source of funding and by allowing
intermediaries to initiate loans but then securitize and sell them, reducing their own risk
exposure.* However, in the case of a downturn, banks may reduce loan origination. Shleifer and
Vishny (2010b) show that, when prices are influenced by investor sentiment, banks may stop
originating in downturns, in favor of buying depressed securities. Similarly, this paper
demonstrates that the origination benefits of securitization may also be reduced ex ante if there is
uncertainty over whether the securities can in fact be sold.

The remainder of the paper is organized as follows. Section 2 presents a model of loan
origination and securitization by banks in an economy with risk and ambiguity averse investors. |
solve for the optimal demand functions of investors, which are then used to solve for the banks’
optimal origination and retention decisions. Section 3 characterizes the equilibrium and discusses
the impacts of key parameters, including the level of ambiguity, the return variance, and the
expected payoff of loans, on the banks’ optimal decisions. Section 4 considers the policy
implications of the model, including a discussion of the impact of TALF. Section 5 discusses this
model in relation to other existing theories, as well as the model’s empirical implications.

Section 6 concludes.

2. The Model
2.1. The Economic Environment

| consider a model of financial intermediation with securitization. In the model, banks
can originate risky loans for a cost of $1. These loans have a final payoff of V which is normally
distributed with mean ¥ > 1 and variance ¢2. All loans are homogeneous. There is an infinite
supply of loans that can be undertaken so banks are only limited in the number of loans they can
originate by their funding. In order to differentiate between these positive NPV loans and those
with ¥ < 1, an informed intermediary is necessary to screen and monitor the loans. Therefore,

only banks can originate new loans.

4 See, among others, Shin (2009), Nadauld and Sherlund (2013), and Shleifer and Vishny (2010b).
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There are three types of participants in the model — banks, depositors, and investors.
Banks can either hold cash or originate loans using their equity and money borrowed from
depositors. Depositors receive a riskless return of » > 0 after loan payoffs are realized. After a
bank has originated new loans, it can either hold the loans itself or securitize and sell them. If the
bank chooses to securitize its loans, it also chooses the fraction of the loans it retains. The
remainder is sold to risk and ambiguity averse investors. Using the cash on hand after
securitizing, the bank can invest in new additional loans. These loans are essentially the same as
the loans available initially in that they represent loans to individuals or firms. However, these
loans will be modeled much more simply for the purpose of tractability. Specifically, banks can
invest Y in loans that have an expected return of i € [0, i,,4]. Additionally, these loans cannot
be securitized and pay off at the same time as the initial loans. The presence of these additional
investment opportunities is the primary driver of securitization in the model.> The bank chooses
to either retain or securitize loans strictly contingent on the relative payoffs of the two options,
given the price impact of selling more securities and the benefits of additional investments. The
role of adverse selection and the “skin in the game” benefits of retention, as discussed by
Demiroglu and James (2012), and the use of securitization for regulatory arbitrage of capital
requirements are not modeled here.

In this model, there are three time periods. At time 0, banks borrow money from
depositors and originate loans. There are two possible states of the world and uncertainty over
the state is resolved at the beginning of time 1. Banks then choose to retain the loans on their
books or securitize and sell them to investors. With the cash on hand at time 1, banks can invest
in another round of loans. All loan payoffs are realized and depositors are repaid at time 2. The

timing of the model is shown in the figure below.

> Previous research suggests that funding is a primary driver of securitization, especially in nonmortgage ABS. See,
among others, Ashcraft et al. (2012) and Loutskina (2011).
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»  Banks borrow »  State of the economy is * Loan returns are
D from revealed realized
depositors *  Banks sell (1-a)N loans to *  Banks return

»  Banks create N investors at price P borrowed funds with
loans » Banks create Y new loans interest, (1+r)D

2.2. Investors

There are two possible states of the world. The only difference between these states is the
degree of ambiguity that investors face. | develop the model with two states to capture the
sudden shift in participation seen during the financial crisis. Intuitively, it is likely easier for
investors to assess the potential payoffs of assets during normal times. However, in bad times,
there is increased uncertainty, both idiosyncratically about the tail risks of securities themselves
and systematically about the potential length and depth of the downturn, as well as possible
government interventions. This increased ambiguity makes valuing assets more difficult for
investors. The two-state design of the model captures the shift in uncertainty when a market
downturn is severe.

In the model, there exists a pool of risk and ambiguity averse investors who can opt to
buy the securities that the banks have originated. Depending on the state of the world, the
investors have a given set of information about the payoff of the securities. The state is either
high or low, denoted by S € {H, L}, and the probability of the high state is Pr[S = H] = &. In state
H, there is no information asymmetry between banks and investors, and investors know that the

expected value of a security is V. In state L, investors face ambiguity about the expected value of



the final payoff, VV.° Specifically, they know E[V] € [V, V], with V < 7.7 Although banks know

the true expected payoff, 7, they cannot credibly convey this information to investors in state L.
All investors have constant absolute risk aversion (CARA) utility of their final wealth

u(w) = —exp(—yw). Given the assumptions of CARA utility and normally distributed returns,

each investor maximizes the utility function

(V—-P)x — gazxz (1)
where P is the price at which investors can buy securities, X is the investor’s demand for
securities, and y is the risk aversion coefficient. To account for investors’ uncertainty over the
value of the expected payoff, investor preferences can be modeled according to Gilboa and
Schmeidler (1989), in which case investors maximize utility given the worst-case scenario. In
this representation, investors have a set of priors, rather than a single prior, and use a max-min
decision rule in determining their optimal solution. Therefore, the investor’s maximization

problem can be represented as

max min (V — P)x — Y 52x2 2)
X Ve[V 2
Solving the inner minimization reduces the problem to
max(V — P)xy — Zaszz (3)
XH 2
in state H and, in state L,
max(V — P)x, — ZazxLz (4)
X1, — 2

This maximization problem gives the optimal demand for securities in states H and L,

respectively, as

Xp =14 yo? )

and

& The model could have instead had investors facing ambiguity about the return variance, 2, with qualitatively
similar results. The expected return was chosen to aid in the differentiation between risk and ambiguity in Section
3.4.

7 There is no restriction on the ranking of V and V.

8 This may be because investors have full information, yet they are unable to fully interpret it given limitations in
skill or time. Additionally, investors may rely on ratings to help them assess the potential value of securities, but
given the decreased reliability of ratings during the crisis, may no longer be willing to do so.
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ifV —P
xw={ysz = % (6)

Since investors can buy but not sell securities in this setting, their demand is bounded at
zero. Therefore, if the difference between their belief of expected value and price is less than
zero, investors will opt not to participate. Given their ambiguity over expected value, investors
will only purchase securities if their expected return is positive in the worst-case scenario.

There are several possible reasons that limited investor participation could be detrimental
for banks. First, securitization serves as a funding source and enables banks to originate more
loans than they would otherwise. By securitizing and selling their loans, they can then use their
proceeds to originate new loans. If they cannot sell their securities due to limited participation,
they will have to forego these other opportunities. Ambiguity among investors can reduce the
ability for banks to securitize their loans, thereby reducing their profit as well as real economic
activity. Banks must also have enough cash to repay their debt. Securitizing loans provides
income that can be used to do so. If investors are unwilling to participate due to ambiguity, banks
may be unable to repay their debts to depositors. These two issues are the primary focus of the
model.

However, there are other explanations that are not modeled here. For instance, the loans
that banks originate may be risky and they may want to sell them to avoid holding that risk. If
securities cannot be sold due to limited participation, banks will be forced to hold more risk than
they prefer. This issue is not at play in this model since it is assumed that banks are risk neutral.
Another concern is that banks may need to sell a certain amount of their loans in order to meet
capital requirements. Ambiguity aversion on the part of investors may force them to sell their
assets at fire sale prices to make sure they meet these requirements. Although the current model
does not have a capital constraint, the impact of a capital constraint is qualitatively very similar
to the impact of the debt constraint modeled here. These other factors would increase the role
that ambiguity plays in affecting both the banks’ origination and securitization decisions,

suggesting that the actual impact of ambiguity is even greater than that shown here.

2.3. Banks
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Banks are risk neutral and know the true value of V7. They are endowed with some initial
equity, Eo. Additionally, banks can raise cash, D, from depositors, paying a riskless return of r >
0 at time 2. Banks can either hold cash or originate loans. Let N be the number of loans the bank
undertakes. If a bank has originated new loans, it can either hold them itself or securitize and sell
them. The bank chooses the fraction a of the loans to retain; the remaining 1 — « is sold to
investors. Using the cash on hand after securitizing, the bank can invest Y in new loans at time 1.

I model a single non-competitive bank given that each bank in the real world issues
unique securitization tranches that are not perfect substitutes. The bank’s objective is to
maximize profit, as specified by

1{},12)5 (1—a)NP+aNV — N —rD +iY @)
Here, the first term is the profit from the portion of loans that is securitized and sold to investors;
the second term is the profit from the portion that is retained; the third term is the cost of
originating the loans; the fourth term is the cost of repaying depositors; and the final term is the
profit from additional loans originated at time 1.

Price is derived from the investors’ inverse demand functions from equations (5) and (6)
as P = V — xya?. Since investor demand must equal the supply of securities offered by the
bank, x = (1 — a)N. Therefore, in equation (7), P =V — (1 — a)Nya?2.

While maximizing its expected profit in equation (7), the bank is subject to several
constraints. The first constraint is a budget constraint at time 0. It requires the cost of initiating
loans to be less than or equal to the funds available to the bank, which come from its equity and
deposits. Specifically:

N<E,+D (8)
The bank is also subject to a budget constraint when creating loans at time 1. Specifically, the

amount invested in new loans, Y, cannot be more than the cash available from selling securities.

Y<(A-a)NV -1 —a)Nys?) 9)
The second constraint imposes that the bank must be able to repay depositors with cash available

at time 2. To ensure that depositors will always be repaid in full, banks cannot use the risky
payoff from loans made at either time O or time 1 to repay depositors. Only their equity and
profit from selling securities at time 1 can be used. While profit from selling securities at time 1
is, at that point, used to invest in new loans (Y), these loans will return at least Y at time 2, given

that their return i € [0, i,,,4, ] This implies that:
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(147)D<Ey;+D—-N+({1—a)NV —(1—a)Nys?) (10)
Next, the bank is subject to some minimum retention requirement. That is, the bank must retain

at least a of the loans it has originated.® Additionally, « is constrained from above by 1 since it is

a fraction. Therefore:

a€lal]0<a<1 (11)
Lastly, the price of the security must be non-negative'®, namely:
P=V-(1-a)Nys?=>0 (12)

Before proceeding, it is useful to make two observations. First, the bank will always
choose to originate as many new loans as possible at time 1. That is, equation (9) is always
binding. Given that loans have a non-negative return (i € [0, i,,4,]) While holding cash has a
zero return, the bank will invest any available cash in new loans.

Second, the bank’s budget constraint at time 0 (equation (8)) will always bind before the
riskless debt constraint (equation (10)). If the budget constraint does not bind, the bank will
choose D = 0, given that there is no need to take on potentially costly deposits if the bank is not
even using all of its equity, E,. Therefore, the debt constraint becomes

0=E,—N+ ({1 —-a)NV—-(1—a)Nyc?) (13)
Since E, — N > 0 when (8) is not binding, (1 — a)N(V — (1 — a)Nya?) must be less than zero

for (13) to hold. This would require @« > 1, which is a violation of (11). Therefore, (8) binds
before (10). By extension, provided V > 1, (8) is always binding since, if creating loans is

profitable, the bank will originate as many as possible subject to its funding.

2.4. The Case with No Ambiguity
As a reference point, | first look at the case in which there is no ambiguity. That is,
investors know the true value of the expected payoff, V7, in all states. The bank’s maximization

problem in this case is given by

9 This minimum threshold on « captures regulatory constraints that require banks to retain a minimum amount of the
securities they create. For example, Section 941 of the Dodd-Frank Wall Street Reform and Consumer Protection
Act, which was signed into law on July 21, 2010, requires securitizers to retain at least 5% of the credit risk of their
securitized assets. While this requirement is meant to align the incentives of banks and investors, which is not a
factor in this model, I include this constraint to show how such a regulation does not address the issues caused by
ambiguity, as will be seen below.

10 The price at which securities are sold can be less than 1, the cost of originating the underlying loans, if the bank
must sell securities to meet its debt constraint or if the benefit of additional investment opportunities (i) outweighs
the loss on the securities sold.
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max (1 + D1 —a)N(V - (1 —a)Nys?)+aNV —N —rD (14)
a,

The bank is subject to the constraints in equations (8) — (12). Proposition 1 characterizes the

bank’s optimal decision in the case when 7 > 1 + r. This condition requires that the return of a
loan is greater than the cost of deposits. This simplification seems intuitive since it is likely that
riskless deposits will have a lower return than risky loans. However, for completeness, the case

inwhich 7 < 1 + r is discussed in the appendix.

Proposition 1. If V > 1 + r, the bank’s optimal decision without ambiguity, {Ny 4, @y, Dy}, is

defined as follows. The bank will borrow as much as possible, subject to its binding debt

V—V2-4yc2(1+1)(N-Ey)
2Nyo?

constraint. The bank retains ay, = max{l — ,g}. The optimal origination

(V+i+1) 72-(V(14+1))° N

decision is given by Ny, = mi {E +
g Y Nya = minqEo 4ycrz(1+r)(l7+i(1+r))2

(g)}. The bank’s budget constraint

is binding s0 Dy4 = Ny — Ej.

Proof. See the Appendix.

As the return to originating a new loan, V7, increases, the number of loans originated will
increase. This increase in origination is made possible by the accompanying increase in the
amount of loans that are sold to investors as securities. Given that the return on loans is greater
than the cost of deposits, the bank will originate as many loans as its debt constraint (equation
(10)) will allow. This constraint is always binding when V > 1 + r, as indicated in Proposition

1, given that the bank is borrowing more to take advantage of the higher profitability of loans.

2.5. The Case with Ambiguity

When ambiguity is present, investors make their decision based on the worst-case
outcome, as described above. There are now two states, one in which investors know the true
expected value and the other in which they only know a range of possible expected values.
Therefore, the originator must determine a securitization strategy for both potential states. The
origination decision, however, is made at time 0 before the state is known, so will take both
states into account. The bank is again constrained to have its retained assets be less than or equal

to its equity in both states, its costs less than its funds, its fraction of retained assets above the
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minimum threshold (&) and less than or equal to 1, and non-negative prices in both states.
Therefore, the bank’s maximization problem is

max 9[ A1+ —ay)NPy + aHNV]
N'aH'aL'D (15)

+(1-0[A+)A—-a)NP, +a,NV]-N-rD
subjectto N <Ey+D
(147)D<Ey+D—N+(1—ay)NPy
(147r)D<Ey+D—-N+(1—a,)NP,
as €|a,1|VSE{H L}0<a<1
Py=V—(1-ay)Nyc?=>0
P,=V—(1-a,)Nys?=0

The following proposition characterizes the bank’s optimal decision under ambiguity. Again |

focus on the case in whichV > 1 + 7.

Proposition 2. If V > 1 + r, the bank’s optimal decision under ambiguity, {N, ay, a;, D}, is
defined as follows. The bank’s optimal origination decision is N < Ny ,. The bank’s budget
constraint is binding so the bank borrows D = N — E,,. The bank’s debt constraint is always

binding in state L. Therefore, the bank retains:

V— V2 —4yo?(1+r)(N — Ey) a
2Nyao? =

a = max{l -

There exists a threshold V" such that the bank’s optimal retention decision in state H is given by:
(@) If V < V7, the bank’s debt constraint is slack in state H and the bank retains:
B ) iv
A T

(b) If v = V", the bank’s debt constraint is binding in state H and the bank retains:

7 — V2 —4y0?(1+ r)(N — E,) a}

ay = max{l — 2Ny o2

Proof. See the Appendix.

The threshold V" determines whether or not the bank’s debt constraint binds in state H. If
V < V", ambiguity is high. Therefore, the bank opts to originate fewer loans given its exposure

to ambiguity averse investors in state L. Fewer deposits are required to fund these loans so the
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debt constraint in state H does not bind. However, when V > V*, ambiguity is not as severe and
the bank will originate more loans. This requires more deposits and the bank’s debt constraint
will therefore bind in both states. When this constraint is binding, the bank will have to sell more
securities in order to repay depositors. Therefore, ay is always lower when the debt constraint
binds than it would be otherwise.

As the return to originating a new loan increases, the number of loans originated will
increase. However, the effect on the bank’s retention decision will depend on model parameters.
The bank faces several tradeoffs when choosing between securitization and retention. First, the
bank must consider the relative payoff from keeping loans, which depends on V7, versus the
payoff from selling securities, which depends on i and price. Additionally, securitization can
allow the bank to originate more loans initially. The bank must weigh the benefit of having a
larger volume of loans against the decrease in price encountered when trying to sell more
securities. Finally, the bank faces a tradeoff between creating more loans and being constrained
by its funding, potentially leading to selling at fire sale prices if the state with ambiguity is
realized, and creating fewer loans in order to be able to retain them all if the state with ambiguity
is realized. Creating more loans may lead to more profits in the good state, but also increases
exposure to the ambiguity averse investors in the bad state. These tradeoffs will be discussed in

more depth in the following section.

3. Characterization of the Bank’s Optimal Decision

To understand the role of ambiguity in determining the bank’s optimal strategy, the
origination and securitization decisions can be compared in the case with ambiguity versus the
case without ambiguity. | consider the impact of several key model parameters, including the
level of ambiguity, the return variance, and the expected payoff of loans, on the bank’s optimal
decisions in equilibrium in turn. Each section is summarized by results on origination and

retention.

3.1. Ambiguity
The bank’s decision to originate and securitize is dependent on the level of ambiguity in
the market, as measured by V. The lower V is relative to V7, the expected payoff of the security,

the more ambiguity there is in the market. When V is very low and there is consequently a
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significant amount of ambiguity facing investors, the bank will choose to originate fewer loans
so it will be able to retain them all when ambiguity is realized (state L). Given that investors’
demand is based on the worst-case estimation of value, the price will be very low in this state.
Therefore, the bank will be better off holding the securities itself relative to selling at a price
significantly below the true expected value. On the other hand, when V is very close to ¥ and
there is, therefore, very little ambiguity in the market, the bank’s optimal origination and
securitization decisions will approach the equilibrium values under no ambiguity.

Figure 3 shows the effect of changing V on the bank’s optimal decision for certain model
parameters. Specifically, the parameters are fixed as follows: E, = 10;V = 1.2; i = 0.2; r =
0.05; 8 = 0.9; 62 = 0.1; y = 1; & = 0.05.! V ranges from 0 (extreme ambiguity) to ¥ (no
ambiguity). For small values of V, the bank originates few loans to be able to retain all of them
in state L. Therefore, even the threat of ambiguity can significantly reduce origination ex ante.
The price in this state is too low to justify selling any securities, given the high level of
ambiguity. However, the bank will sell as many securities as possible in state H. This is because
the lower quantity of loans originated will result in a higher price, given investors’ downward
slopping demand curve.

As V increases, the number of loans the bank originates increases and the fraction that it
retains in state L decreases. The bank’s debt constraint is binding in state L, but as the price in L
increases due to ambiguity decreasing, the bank can take on more deposits to originate more
loans. In state H, decreasing ambiguity leads the bank to retain a higher fraction of its securities.
However, as the bank is also increasing its origination, the total amount sold, ((1 — ay)N),
remains constant and, correspondingly, so does the price in H. The fraction retained in state L

eventually becomes lower than the fraction retained in state H, despite the lower price available

11 These parameters are used only for explanatory purposes. The qualitative results are robust to a large range of
potential parameters.

The return on loans originated at time 0 and additional investments originated at time 1 are assumed to be the same
since they both represent loans to firms or consumers.

I assume the return on deposits, r, is 0.05 in my characterization of the equilibrium. However, the results would be
qualitatively similar if r = 0 and banks therefore had unlimited funding.

| assume the minimum retention requirement, «, is 0.05 in accordance with the Dodd-Frank requirement that
securitizers retain at least 5% of the credit risk of their securitized assets. However, this does not qualitatively affect
the results; the minimum retention requirement could be removed entirely and similar results would be obtained. It
is important to note that, while such a requirement may help with adverse selection, it does not alleviate the negative
implications of ambiguity.
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in state L. This is because, as V increases, the bank can originate more loans given the improving
conditions in state L, but the bank must sell more of them in state L to meet its debt constraint.

As V gets even larger, the bank’s debt constraint is now binding in both states H and L.
This leads the bank to slow its increasing origination and begin selling more securities in state H
to meet its constraint. The bank can now retain more securities in state L, decreasing its exposure
to the ambiguity averse investors. As a result, the price falls in state H and rises in state L. As
ambiguity continues to decrease, the equilibrium decisions of the bank approach those in the case
with no ambiguity.

As with ex ante origination, the presence of ambiguity leads to lower investment at time 1
(bottom right panel). However, while this impact is relatively small in state H, it is very large in
state L. This is because, even as the bank begins to sell more of its securities in state L, it is
selling these securities at very low prices and so still has little cash with which to invest in new
loans. As a result, policies that reduce ambiguity could have a particularly significant impact on
investment in high ambiguity states, provided ambiguity can be reduced enough to change the

equilibrium outcome.

Result 1a: For all levels of ambiguity, origination at times 0 and 1 are nondecreasing.

Result 1b: When ambiguity is high, the bank sells as much as possible in state H and retains
everything in state L. As ambiguity decreases, retention in state H increases and retention in state
L decreases. As ambiguity decreases further, the bank’s debt constraint in state H becomes

binding and these trends reverse.

These results are qualitatively very similar to the results for varying levels of state
probability, which is also a measure of ambiguity in the market since, in state H, investors do not
face ambiguity over the expected payoff of securities. The role of ambiguity is influenced by
both the severity (V) and the frequency (8) of ambiguity. The main discussion focuses on the
severity since this aspect of ambiguity is more easily influenced, as will be discussed further in

section 4.

3.2. Return Variance
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The other main factor influencing investors in this model aside from ambiguity is risk, as
measure by return variance. Given that investors are risk averse, their price function is inversely
related to the variance of returns (a2). Therefore, the bank’s profits for selling securities are
higher when variance is lower. As a result, the number of loans the bank originates increases as
o2 decreases. In addition, the fraction of loans that the bank retains will decrease as o decreases
since the bank wants to take advantage of higher prices by selling more securities.

Figure shows the effect of changing o2 on the bank’s optimal decision for certain model
parameters. Specifically, the parameters are fixed as follows: E, = 10;V = 1.2; V.= 0.7; i =
0.2;7 =0.05; 0 =0.9; y = 1;a = 0.05; Dy, = 100. The presence of ambiguity decreases
the number of loans originated for all values of o2 and increases the fraction of those loans
retained for high values of ¢2. In this example, the bank’s debt constraint is always binding in
state L, so the bank will sell more securities to meet this requirement for low values of 2.
However, for higher values of o2, in order to satisfy its debt constraint, the bank will also reduce
origination. The bank consistently sells more securities in state L than in state H, despite the
presence of ambiguity, due to its binding debt constraint.

The fraction retained is generally increasing in o2, while the amount of origination is
decreasing. Since o2 directly influences the price investors are willing to pay, a higher o2 leads
to lower prices, which means the bank will opt to retain more and will need to originate less in
order to do so, given its debt constraint.

When the variance of returns is high, the fraction of securities retained approaches 1 in all
cases.!? This is due to the negative relationship between variance and prices. In these cases, since
the bank is not selling much to investors, the impact of ambiguity on retention is relatively low.
However, for small values of o2, the difference in retention between the state with ambiguity and
the state without ambiguity becomes more significant. Notably though, the primary effect of
ambiguity is on origination, especially when variance is low. The bank can originate many more
loans without ambiguity. It is limited in its origination under ambiguity due to the debt constraint
in state L. Therefore, decreasing ambiguity for securities with low variance can have a significant

impact on origination in the real economy.

12 This is a direct result of the assumption that banks are risk neutral and investors are risk averse. Therefore, as the
risk of the loans increases, the banks are better able to bear this risk so they retain more of their loans.
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Result 2a: For all levels of variance, origination at times 0 and 1 are nonincreasing.
Result 2b: When variance is low, the bank sells as much as possible in both states H and L. As
variance increases, retention in both states increases, with retention in state L always less than

retention in state H given the bank’s debt constraint.

3.3. Expected Payoff of Loans

Both the return to retaining loans and the return to selling securities are directly tied to
the expected payoff () of the loans originated. Therefore, as the expected payoff increases, the
bank chooses to originate more loans. The number of loans originated is nondecreasing in V.
However, the relationship between 7 and the fraction retained is not as direct. In both the case of
no ambiguity and state H under ambiguity, an increase in V increases the profit to both retention
and securitization. If the bank securitizes more, the increased supply of securities in the market
will result in a lower price, which suggests the bank should retain more. However, by retaining
more, the bank foregoes additional investment opportunities. Therefore, the impact of a higher 7
on retention depends on its impact on price relative to the return on additional investments (i).
On the other hand, in state L, only the profit to retention is increased with an increase in V.
Changes in ¥ do not affect the price ambiguity averse investors will pay since they are only
concerned with the worst-case outcome, V. As a result, when not bound by its debt constraint,
the bank has the incentive to retain as much as possible in state L.

Figure shows the effect of changing ¥ on the bank’s optimal decision for certain model
parameters. Specifically, the parameters are fixed as follows: E, = 10; V = 0.7; i = 0.2;r =
0.05; 8 = 0.9; 62 = 0.1; y = 1; & = 0.05. When V < 1, the bank has no incentive to originate
loans since the payoff (7) does not exceed the cost ($1). Therefore, the focus is on results for
V = 1. As expected, the number of loans originated is nondecreasing in ¥ in cases both with and
without ambiguity, and the number of loans originated with ambiguity is significantly less than
the number originated without ambiguity. Under ambiguity, the number of loans the bank can
originate is limited due to the bank’s debt constraint. This constraint is binding in state L, So the
bank sells more securities to meet it. However, once the bank reaches its minimal amount of
retention («), it cannot originate any more loans since it cannot sell more securities to meet its

debt constraint. For lower values of 7, the bank opts to retain all of its loans in state L. However,
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as V increases, the bank retains a smaller fraction in state L because its debt constraint has
become binding, so for higher values of 77, the amount retained in state L can again be less than
the amount retained in state H. The bank trades off receiving a lower price due to selling more
securities in state L for creating more loans and retaining more of them in state H.

In the case with no ambiguity, the large increase in retention for low values of ¥ is due to
the bank’s debt constraint becoming binding. This occurs when V7 becomes larger than 1 + r and
it therefore becomes profitable to take on deposits. Subsequently, as V increases, the bank sells

enough securities to meet its debt constraint.

Result 3a: For all levels of expected payoff, origination at times 0 and 1 are nondecreasing.
Result 3b: When expected payoff is low, the bank sells most of its securities in state H and
retains everything in state L. As expected payoff increases, the bank’s debt constraint binds in
state L so retention decreases. Meanwhile, retention in state H increases until a; = a. At this

point, origination reaches its maximum so the bank can sell a larger fraction in state H.

3.4. Ambiguity vs. Risk
I now turn to a comparison of the impact of risk versus the impact of ambiguity by
removing both ambiguity and risk from the model in turn. I start with a model with only risk and
no ambiguity. In this case, investors know the true expected value of loans, 7, in both states. In
other words, V = V . Therefore, the bank’s optimization problem reduces to
max (1+ (1 —a)N(V — (1 —a)Nyo?)+aNV —N —rD (16)
&,
Alternatively, a setting with ambiguity and no risk is equivalent to a2 = 0. Therefore, the bank’s
optimization problem is
max  O[ (1+i)(1— ay)NV + ayNV]
N,ay,ay,D (17)
+(1-9[Q+)A—-a)NV+a,NV]-N—-1D
An increase in either risk or ambiguity serves to decrease the price that investors are

willing to pay for securities. However, the impact of ambiguity is more abrupt. Specifically,
ambiguity affects price directly proportional to the change in ambiguity, as measured by a lower
V, since price is simply V in this case. On the other hand, when there is risk, price is 7 —

(1 — @) Nya?. Therefore, increasing risk, as measured by a higher a2, not only impacts price
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directly through 2, but also indirectly through (1 — a)N. As risk increases, the negative impact
on price can be counteracted with a simultaneous decrease in origination and/or securitization.
As a result, the impact of ambiguity is more absolute than the impact of risk. Specifically, there
is a threshold on V, as defined in the following proposition, above which the bank retains as little

as possible and below which the bank retains as much as possible.

Proposition 3. When there is ambiguity but no risk in the market, the bank will always choose

ay = a. There exists a threshold VV* such that:

a) IfV > V*, ambiguity is low and the bank chooses a; = ¢ and N = B
— - 1+r—(1—-ap)V
b) If V < V*, ambiguity is high and the bank chooses ¢; = 1 and N = E,.

Proof. See the Appendix.

Intuitively, this threshold VV* is the maximum amount of ambiguity the market can bear
while remaining operational. If ambiguity is too large, the bank chooses not to sell any securities
in the state with ambiguity given the depressed price it will face. A lower threshold is preferable
since it will require more ambiguity to cause a market freeze. Considering the partial derivatives
of V* reveals that the threshold decreases when V7, 8, or i increase and when a or r decrease. All
of these changes in model parameters make securitization more profitable and the bank will
therefore be willing and able to securitize their loans under higher values of ambiguity.

The difference between risk and ambiguity can be seen in Figure , where the bank’s
origination and retention decisions are plotted under risk with no ambiguity and under ambiguity
with no risk for certain model parameters. Specifically, the parameters are fixed as follows: E, =
10;V =1.2; i =0.2; r = 0.05; 8 = 0.5; y = 1;a = 0.05. In the first case with just risk, I set
V =V and consider o2 € [0,0.2]. In the second case with just ambiguity, | set 02 = 0 and
consider V € [0, V]. | also impose a maximum on the amount of available deposits, D, 4y, t0
prevent origination from going to infinity as risk and ambiguity go to zero. | set D,,,,, = 100.
This is why origination is capped at 110 = E, + D,,,4, in both the case of low risk and low
ambiguity.

Under both very low risk and very low ambiguity, the bank will originate as many loans

as possible and securitize them all. Conversely, under both very high risk and very high
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ambiguity, the bank will originate fewer loans and retain them all. However, ambiguity and risk
differ significantly in the intermediate ranges. As discussed above, the negative impact of
increased risk can be mitigated by lower origination or higher retention. Therefore, as shown in
Figure , both outcome variables change gradually as risk increases.

On the other hand, in the case of ambiguity, the optimal decisions behave very
differently, especially for retention. Specifically, there are two distinct regions in the plot of
retention under ambiguity. There is not a gradual change between the extremes of full retention
and full securitization, as there is in the case of risk. Once the level of ambiguity increases above
the threshold, VV*, as defined in Proposition 3, retention immediately increases from « to 1.
Crossing this threshold also causes a drop in origination. Under the current model parameters,
this drop is not very severe. However, when either E, or V* is higher, the extremity of this fall in
origination increases since origination is higher in this case.

The shift between these equilibria under ambiguity is very dramatic. Because of this, a
small change in the level of ambiguity, especially around V*, can have a large effect on both the
origination and, in particular, the securitization decisions of the bank. Therefore, market
characteristics or policies that are able to reduce ambiguity can be very effective in improving
market conditions.

To add more realism to this setting, Figure shows the optimal decisions under varying
degrees of both risk and ambiguity. As mentioned above, origination is highest when both risk
and ambiguity are low. However, the decline is origination is much steeper as ambiguity
increases than as risk increases.

With respect to retention in state L, the threshold defined in Proposition 3 can be seen
clearly when risk is low. Retention jumps from minimal retention (blue) when ambiguity is low
directly to full retention (red) when the threshold is crossed. However, as risk increases, this shift
in retention becomes progressively more gradual. This suggests that ambiguity can have more
drastic effects in low risk securities, while the impact for high risk securities is more tempered.

This is consistent with what occurred in securitization markets during the financial crisis.
ABS markets froze abruptly in late 2008 but subsequently unfroze quickly with the initiation of
TALF. Issuance volumes returned to near pre-crisis levels in auto, credit card, and student loan
backed ABS by mid-2009 (see Figure 1). This is in contrast to the behavior of the higher risk
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CMBS market, which gradually increased issuance after freezing in late 2008. However, as of

early 2014, CMBS issuance still remains far below pre-crisis levels.

4. Policy Implications

As discussed in Section 3.4, the presence of ambiguity leads to two very distinct
equilibria and small changes in ambiguity can have large changes in the outcome, especially
among low risk securities. This model lends itself to consideration of policies that help alleviate
the negative implications of ambiguity, including origination of fewer loans and limited
participation in the market. Ambiguity can lead to market freezes even when retention
requirements, such as those imposed by Dodd-Frank, are in place, as the model shows by
requiring banks to hold at least a of their securities. While these types of requirements are
important for aligning the incentives of banks and investors, thereby reducing risk, they do not
reduce ambiguity, leaving the market still vulnerable to freezes. An alternative solution would be
to have an insurance-like contract, either from the private market or the government, which
would protect investors from losses. The model shows that increasing the minimum expected
payoff considered by investors can increase the price at which these investors are willing to
participate. An insurance-like contract could implement this increase.

Consider the decision making process of an ambiguity averse investor choosing whether
or not to participate in the ABS market. Given the complexity of these securities, the investor
may not be able to determine their true expected payoffs. First, the investor may only have
coarse information available given the opacity of these markets. Second, even if the information
is revealed by the issuer, the investor may not have the ability, resources, or time to correctly
interpret this information. Therefore, the investor will consider a range of outcomes, for some of
which the payoff of the securities may be very low. Even if these outcomes are unlikely, an
ambiguity averse investor is highly influenced by the worst-case scenario. Therefore, these
investors are only willing to participate in the market at unrealistically low prices that account
for these potential bad outcomes.

Now consider the case in which there exists some contract that can put a lower threshold
on the expected payoffs considered by investors. A prime example of such a program is the Term
Asset-Backed Securities Loan Facility (TALF).'® The Federal Reserve announced TALF in

13 For a complete description of TALF, see Ashcraft et al. (2012).
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November 2008 to make loans to investors in eligible ABS in response to the drastic reductions
in origination and trading in ABS markets during the financial crisis. TALF provided investors
with nonrecourse loans with which to buy securities. Therefore, if the value of the securities
purchased turned out to be very low, the investor did not have to repay the loan and could simply
pass the security, and its resulting losses, on to the government instead. This effectively put a
limit on how much investors could lose on their investments in asset-backed securities, which is
equivalent to increasing V in the model.

In this case, the ambiguity averse investors are willing to participate in the market at a
higher price closer to the securities’ true expected value. Not only does this approach increase
trading in the securitization market, it also increases origination among banks ex post by
providing more access to the funding benefits of securitization. Once a program such as TALF is
implemented, banks are better able to sell their securities and can then use those proceeds to
originate new loans.

However, a government program like TALF is mainly beneficial in unfreezing markets
that have already broken down; an alternative solution that could reduce ambiguity ex ante
would be even more beneficial. An insurance-like contract that would pay investors when the
value of the underlying collateral fell below a certain point would encourage ambiguity averse
investors to participate in the market even in high ambiguity environments. Such a contract
would be similar to a credit default swap except that the “default” event would be a decline in the
asset value by some predetermined amount. This would not only have the ex post benefits of a
government guarantee program, but it would also increase origination ex ante since banks would
not have to prepare for the case when investors flee the market if ambiguity gets too high.

A program that reduces ambiguity for investors, whether through the government or
through the private market, is analogous to a program like deposit insurance. Deposit insurance
prevents depositors from running on a bank by insuring the full repayment of their deposits up to
a certain value. Without such insurance, it may be rational for depositors to run if they suspect
other depositors will run. Therefore, an illiquid bank can become insolvent due to the inherent
mismatch in the durations of their assets and liabilities. Implementing deposit insurance averts
this negative equilibrium by removing the reason for depositors to run.

Likewise, in the case of ambiguity aversion, investors rationally opt not to participate in a

market unless the price of the security is lower than their worst-case expectation of its payoff. A
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program like TALF reduces ambiguity, thereby inducing investors to participate in the market. If
non-participation is driven by ambiguity, as opposed to risk, then such a program should be
costless to implement, similar to deposit insurance. In the case of deposit insurance, the presence
of the program itself prevents bank runs, making it costless to insure illiquid banks. Likewise, a
program like TALF encourages investors to purchase securities, which are not excessively risky
securities but rather securities about which the investors are not sure they have full information.
Therefore, it should be rare that a security will turn out to be low value and the investor will not
repay their loan. This was in fact the case with TALF. As of March 2011, TALF had earned
nearly $600 million in interest (Nelson (2011)), and there were not any losses on the loans,
which have all subsequently been repaid.

While such programs may have the benefits of increasing participation and origination at
a negligible cost, they also have the threat of increased moral hazard. Given the presence of an
insurance-like contract, banks may be less diligent about the quality of loans they make since
investors are more willing to participate even when the underlying securities are highly
ambiguous or risky. Increasing moral hazard may be acceptable if ambiguity can be reduced
enough to induce participation. However, this tradeoff must be considered before implementing
such a program, especially since there are some regions in which a change in ambiguity will not
affect the outcome at all and others in which a small change in ambiguity can have a large impact
on the resulting equilibrium. However, the model cannot currently speak to this tradeoff. Moral
hazard would increase the origination of negative NPV loans, but the model, as it stands, does

not have heterogeneous loans.

5. Discussion

There are several other existing theories of market freezes in securitization markets,
which can be compared to the model presented here. These include theories of adverse selection,
regulatory arbitrage, and neglected risks. Gennaioli et al. (2013) discuss these theories and their
relative strengths in detail. | will provide a brief overview of these theories here, then discuss the
additional contribution of my model with ambiguity aversion.

First, many papers discuss the role of adverse selection in securitization. Financial
intermediaries can pool and tranche assets to create informationally insensitive securities. Since

all investors are symmetrically informed about these securities, the result is a highly liquid, low
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risk market. However, as bad news comes into the market, investors realize they may in fact be
at an informational disadvantage and choose not to trade, resulting in a market freeze. Work in
this area includes, among others, DeMarzo and Duffie (1990), Riddiough (1997), DeMarzo
(2005), Pagano and Volpin (2012), and Dang et al. (2010).

The theory of regulatory arbitrage is described by, among others, Calomiris and Mason
(2004), Leitner (2011), and Acharya et al. (2013). It suggests that banks can use securitization as
a means to reduce capital requirements. By holding highly rated securitization tranches instead of
the underlying assets or by holding securities in an off-balance sheet conduit, banks can increase
leverage while still adhering to their capital requirements. However, when there is bad news and
the prices of these assets decline, banks may not be able to sell these assets while still meeting
their capital requirements. Thus, a market freeze can occur.

Recent work by Gennaioli et al. (2012, 2013) develops a third theory of shadow banking
involving neglected risks. Investors ignore certain tail risks, leading to increased securitization
and creation of debt that is perceived as risk free. However, when it is revealed that this debt is
riskier than anticipated, intermediaries default on their obligations and a liquidity crisis can occur
given the increased leverage allowed by securitization. Coval et al. (2009) also show that market
freezes in securitization can result from imprecise models that underestimate or neglect certain
risks. This theory reconciles the fact that, during the recent financial crisis, markets did not seem
to fully understand the risks in securitization markets, even as bad news started to be revealed.
Despite negative information on the housing market beginning to surface in mid-2007,
securitization markets did not crash until late 2008. This crash was largely unanticipated by
investors, as indicated by the spreads on these securities, which suggests that it was not just news
about increased risks that froze markets. The neglected risks hypothesis is the only one of these
prior theories that can account for this delay in the crash by suggesting that there were risks that
investors were unaware of until late 2008.

However, the existing theories face some limitations in explaining the recent crisis. While
my model is not mutually exclusive of these other theories, it does address some of these
limitations. In particular, while these theories can explain how a liquidity crisis can occur, they
do not explain how one can persist. Although the neglected risks hypothesis can explain the
timing of the securitization market crash, it does not explain why the market took time to

recover. It is unclear why, once these neglected risks are realized, the market should continue to

27



falter. On the other hand, ambiguity aversion can explain both the timing and duration of the
market freeze seen during the crisis. Given the presence of ambiguity, the market freeze can
persist as long as investors remain uncertain about the expected outcome. This is particularly
evident in the CDO markets, where origination is still low even several years after the initial
crisis, despite limited losses on these securities.'*

The model provides several empirical implications. First, banks will hold more securities
during crises because they face prices much lower than the true value of their securities. It
becomes more difficult to sell these securities but, since there is a lag between origination and
securitization, banks will be forced to retain a greater portion of the loans they have already
originated. This is particularly true when ambiguity is severe or when the returns to
securitization are low. This prediction is supported by Erel et al. (2014), who show that the
aggregate holdings of highly-rated tranches increased between the end of 2006 and the end of
2007. More specifically, the model suggests that, during times of heightened ambiguity, firms
without binding funding constraints will choose to retain their securities and markets will freeze,
while constrained firms will be forced to sell their securities at fire sale prices. The model also
suggests that prices will be lower when ambiguity is high. However, the amount of securitization
may be higher or lower, depending on whether or not the firm is constrained by its debt. Lastly,
during times of heightened ambiguity, origination of new loans will be severely restricted, even
when ambiguity is relatively mild.

The model’s implications about ambiguity and risk also yield a number of empirical
predictions. While the impact of risk on securitization is continuous, the impact of ambiguity is
more disjointed. There are several distinct equilibria with respect to ambiguity when risk is low
so a small change in the level of ambiguity can create a large change in the bank’s origination
and securitization decisions, as the economy shifts to a different equilibrium. This implies that,
under ambiguity, market freezes can both start and end abruptly as the amount of ambiguity
changes, especially among low risk securities. Additionally, as discussed in Section 4, in the
presence of ambiguity, a program like TALF aimed at inducing participation will be costless. If

the program were simply reducing the risk to investors, this would not be the case since the

14 For example, only 32 tranches in 14 CLOs of all of the 4118 tranches in 719 US broadly syndicated arbitrage cash
flow CLOs that Moody’s has rated since 1996 have suffered principal losses at maturity (Xu 2012).
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government would bear the remaining risk and would suffer losses on the poorly performing

securities.

6. Conclusion

| present a model of financial intermediation in which securitization markets can freeze
or at least experience a significant decrease in volume when investors are ambiguity averse. In
cases where ambiguity is severe or frequent, or expected payoffs are low, securitization is
significantly reduced when the state in which investors face ambiguity is realized. However,
when ambiguity is mild or the returns to securitization are high, banks will opt to originate more
loans. This may force banks to sell their loans at fire sale prices when the state with ambiguity is
realized given that the banks’ debt constraint is now binding. Therefore, the presence of
ambiguity can explain both market freezes and fire sales. The potential for ambiguity aversion
among investors also causes a decrease in the number of loans that banks are willing to
undertake in all cases. As a result, origination can decrease not just ex post but also ex ante, and
there are both financial and real economic consequences to ambiguity in securitization markets.
Additionally, the presence of ambiguity averse investors can help explain both the timing and, in
particular, the duration of the freeze in securitization markets seen during the 2008 financial
crisis in a way that existing theories cannot.

Measures which reduce ambiguity, either by reducing the worst-case outcome considered
by investors or by reducing the probability that the state in which ambiguity is present occurs,
can ameliorate conditions in both the real economy and in the securitization markets. By
reducing ambiguity ex ante, more loans will be undertaken by the bank, since there will be better
prospects for selling those loans as securities. Ambiguity can also be reduced ex post once the
state with ambiguity is realized. Improving the worst-case outcome considered by ambiguity
averse investors can encourage banks to securitize their loans and revive trading in securitization
markets. This can have the added benefit of freeing up capital with which banks can originate
more new loans, in turn stimulating the real economy as well. Given the nature of ambiguity,
small changes in the level of ambiguity can have large impacts on both origination and

securitization outcomes.

29



References

Acharya V., Schnabl, P., Suarez, G., 2013. Securitization without risk transfer. Journal of
Financial Economics, 107 (3), 515-536.

Allen. F., Gale, D., 1994. Limited market participation and volatility of asset prices. The
American Economic Review 84 (4), 933-955.

Ashcraft, A.B., Malz, A., Pozsar, Z., 2012. The Federal Reserve’s term asset-backed securities
loan facility. FRBNY Economic Policy Review 18 (3), 29-66.

Calomiris, C.W., Mason, J.R., 2004. Credit card securitization and regulatory arbitrage. Journal
of Financial Services Research 26 (1), 5-27.

Campbell, S., Covitz, D., Nelson, W., and Pence, K. 2011. Securitization markets and central
banking: An evaluation of the Term Asset-Backed Securities Loan Facility. Journal of
Monetary Economics 58 (5), 518-531.

Cao, H., Wang, T., Zhang, H.H., 2005. Model uncertainty, limited market participation and asset
prices. Review of Financial Studies 18, 1219-1251.

Coval, J., Stafford, E., 2007. Asset fire sales (and purchases) in equity markets. Journal of
Financial Economics 86 (2), 479-512.

Coval, J., Jurek, J., Stafford, E., 2009. The economics of structured finance. Journal of Economic
Perspectives 23, 3-26.

Dang T.V., Gorton, G., Holmstrom, B., 2010. Financial crises and the optimality of debt for
liquidity provision. Working paper, Yale University.

DeMarzo, P., 2005. The pooling and tranching of securities: A model of informed
intermediation. Review of Financial Studies 18 (1), 1-35.

DeMarzo, P., Duffie, D., 1990. A liquidity-based model of security design. Econometrica 67 (1),
65-99.

Demiroglu, C., James, C., 2012. How important is having skin in the game? Originator-sponsor
affiliation and losses on mortgage-backed securities. Review of Financial Studies 25 (11),
3217-3258.

Diamond, D., Rajan, R., 2011. Fear of fire sales, illiquidity seeking, and credit freezes. Quarterly
Journal of Economics 126 (2), 557-591.

Easley, D., O’Hara, M., 2009. Ambiguity and nonparticipation: The role of regulation. Review of
Financial Studies 22 (5), 1817-1843.

30



Easley, D., O’Hara, M., 2010. Liquidity and valuation in an uncertain world. Journal of
Financial Economics 97, 1-11.

Ellsberg, D., 1961. Risk, ambiguity, and the Savage axioms. Quarterly Journal of Economics 75,
643-669.

Epstein, L.G., Schneider, M., 2007. Learning under ambiguity. Review of Economic Studies 74,
1275-1303.

Erel, I., Nadauld, T., Stulz, R.M., 2014. Why did holdings of highly rated securitization tranches
differ so much across banks? Review of Financial Studies 27 (2), 404-453.

Garlappi, L, Uppal, R., Wang T., 2007. Portfolio selection with parameter and model
uncertainty: A multi-prior approach. Review of Financial Studies 20 (1), 41-81.

Gennaioli, N., Shleifer, A., Vishny, R., 2012. Neglected risks, financial innovation, and financial
fragility. Journal of Financial Economics 104, 452-468.

Gennaioli, N., Shleifer, A., Vishny, R., 2013. A model of shadow banking. Journal of Finance
68 (4), 1331-1363.

Gilboa, 1., Schmeidler, D., 1989. Maxmin expected utility with non-unique prior. Journal of
Mathematical Economics 18 (2), 141-153.

Guidolin, M., Rinaldi, F., 2010. A simple model of trading and pricing risky assets under
ambiguity: Any lessons for policy-makers? Applied Financial Economics 20 (1-2), 105-135.

Guidolin, M., Rinaldi, F., 2013. Ambiguity in asset pricing and portfolio choice: A review of the
literature. Theory and Decision 74 (2), 183-217.

Jiang, W., Nelson, A., Vytlacil, E., 2014. Securitization and loan performance: Ex ante and ex
post relations in the mortgage market. Review of Financial Studies 27 (2), 454-483.

Knight, F., 1921. Risk, Ambiguity, and Profit. Houghton Mifflin, Boston, MA.

Leitner, Y., 2011. Why do markets freeze? Business Review, Federal Reserve Bank of
Philadelphia, Q2, 12-19.

Loutskina, E., 2011. The role of securitization in bank liquidity and funding management.
Journal of Financial Economics 100, 663-684.

Nadauld, T., Sherlund, S.M., 2013. The impact of securitization on the expansion of subprime
credit. Journal of Financial Economics 107 (2), 454-476.

31



Nelson, W.R., Testimony before the Congressional Oversight Panel for the Troubled Asset
Relief Program, U.S. Congress, Washington, D.C. March 4, 2011. Available at:
http://www.federalreserve.gov/newsevents/testimony/nelson20110304a.htm.

Pagano, M., Volpin, P., 2012. Securitization, transparency, and liquidity. Review of Financial
Studies 25 (8), 2417-2453.

Riddiough, T.J., 1997. Optimal design and governance of asset-backed securities. Journal of
Financial Intermediation 6, 121-152.

Savage, L.J., 1954. The Foundations of Statistics. John Wiley & Sons, New York, NY.

Schmeidler, D., 1989. Subjective probability and expected utility without additivity.
Econometrica 57, 571-587.

Shin, H.S., 2009. Securitisation and financial stability. The Economic Journal 119 (March), 309-
332.

Shleifer, A., Vishny, R.W., 2010a. Asset fire sales and credit easing. American Economic
Review: Papers and Proceedings 2010 100 (2), 46-50.

Shleifer, A., Vishny, R.W., 2010b. Unstable banking. Journal of Financial Economics 97, 306-
318.

Tirole, J., 2011. lliquidity and all its friends. Journal of Economic Literature 49 (2), 287-325.
Uhlig, H., 2010. A model of a systemic bank run. Journal of Monetary Economics 57, 78-96.

von Neumann, J., Morgenstern, O., 1947. Theory of Games and Economic Behavior. Princeton
University Press, Princeton, NJ.

Xu, M., 2012. Losses on US cash flow CLO tranches are infrequent, in Moody’s CLO Interest.
July 25, 2012, 4-6.

32


http://www.federalreserve.gov/newsevents/testimony/nelson20110304a.htm

Figure 1. ABS Issuance

This figure shows the quarterly US issuance of asset-backed securities by class from 2008 to 2013.
Source: Securities Industry and Financial Markets Association (SIFMA), US ABS Issuance and

Outstanding — issuance data from 1985 to April 2015
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Figure 2. CDO Issuance

This figure shows the annual global issuance of collateralized debt obligations by collateral type from
2000 to 2013. CLOs are securities with corporate loans as collateral. CBOs are securities with high yield
or investment grade corporate bonds as collateral. Structured Finance CDOs are securities with assets
such as RMBS, CMBS, ABS, or other CDOs as collateral.

Source: Securities Industry and Financial Markets Association (SIFMA), Global CDO lIssuance and

Outstanding — issuance data from 2000 to 2015 Q1
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Figure 3. Bank’s Decisions and Ambiguity

This figure shows how the bank’s optimal origination and securitization decisions are affected by the
level of ambiguity, as measured by V. V ranges from 0 (extreme ambiguity) to 77 (no ambiguity). The
solid line is the case with no ambiguity and the dashed line is the case with ambiguity. In the plots for
retention, price, and additional investment, the dashed line is state H and the dotted line is state L. Model

parameters are fixed as follows: E, = 10;V = 1.2; i = 0.2;r = 0.05; 8 = 0.9; 62 = 0.1; y

0.05.
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Figure 4. Bank’s Decisions and Return Variance

This figure shows how the bank’s optimal origination and securitization decisions are affected by the
variance of returns (a2). The solid line is the case with no ambiguity and the dashed line is the case with
ambiguity. In the plot of retention, the dashed line is state H and the dotted line is state L. Model
parameters are fixed as follows: E, = 10;V =1.2; V=0.7; i = 0.2; r = 0.05; § = 0.9; y = 1;a =
0.05.
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Figure 5. Bank’s Decisions and Expected Payoff of Securities

This figure shows how the bank’s optimal origination and securitization decisions are affected by the
expected payoff of loans (7). The solid line is the case with no ambiguity and the dashed line is the case
with ambiguity. In the plot of retention, the dashed line is state H and the dotted line is state L. Model
parameters are fixed as follows: E, = 10; V = 0.7; i = 0.2; r = 0.05; 6 = 0.9; 62 =0.1; y = ;& =
0.05.
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Figure 6. Ambiguity vs. Risk

This figure shows how the bank’s optimal origination and securitization decisions are affected when there
is risk but no ambiguity (top) versus when there is ambiguity and no risk (bottom). The plot of retention
with ambiguity displays the retention in state L; retention in state H is always a. In the case with only
risk, model parameters are fixed as follows: E, = 10; V = 1.2; V= V,i=02;r=0.050=05;y =
1;a = 0.05; D,q = 100; and o2 € [0,0.2]. In the case with only ambiguity, model parameters are
fixed as follows: E, = 10;V = 1.2;i = 0.2; r = 0.05; § = 0.5; 62 =0; y = 1,2 =0.05 Dy =
100; and V € [0,7V].
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Figure 7. Ambiguity and Risk

This figure shows how the bank’s optimal origination and securitization decisions are affected when there
is both risk and ambiguity. Red indicates high levels of origination and retention, while blue indicates
lower levels. The model parameters are fixed as follows: E, = 10;V = 1.2; i = 0.2; r = 0.05; 6 =
0.5,y = 1;2 = 0.05; ¥ € [0,V],and ¢ € [0,0.2].
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Appendix

Proof of Proposition 1. The maximization problem faced by the bank at time 0, given in
equation (14), can be restated with the following Lagrangian equation
L=(1+)1-a)N(V —(1—-a)Nyo?)+aNV —N —rD + ,4[E; + D — N]
+ A3[Eq+D =N+ (1—a)N(V — (1 — a)Nyo?) (A1)
-1+ r)D]

where 1; and 4, are the Lagrangian multipliers corresponding to the budget constraint and the
riskless debt constraint, respectively. Solving this equation yields the following Kuhn-Tucker
first-order conditions:

A+ -a)V =21+ —a)’Nyc®+al —1-1,

_ (A.2)
+[-1+ (1 - )V —2(1 — a)?Nyo?] =0

—(1+ DNV +2(1 + D)1 — a)N?yo? + NV + A,[-NV 4+ 2(1 — @)N?ys?] = 0 (A-3)

—r+A4+2,A-0A+7r)=0 (A4)
M[Eo+D—N]=0 (Ab)
M[Eo+D =N+ 1 -a)N({V - (1 —a)Nyo?)—(1+7r)D]=0 (A6)
The solution has 4 possible cases.
(i) Neither constraint is binding
From (A.3),
B iV
2(1+i)Nya?
Plugging (A.7) into (A.2), given that 21 = 0 and A2 = 0 from (A.5) and (A.6), respectively,

a=1 (A7)

yields V = 1. If ¥ > 1, N should be maximized, which contradicts constraint 1 not binding.

If 7 < 1, N = 0 at the optimum. Therefore, Dy, = 0,and ay, = 1.

(i) Constraint 1 binds, constraint 2 does not
From (A.5),

N=E,+D (A8)

From (A.3),
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(iii)

(iv)

iv

—1_ A9
=l a T DNy (A9)

Equation (A.4) yields the following Lagrangian multiplier
=7 (A.10)

Plugging (A.9) and (A.10) into (A.2) yields ¥ = 1 + r. When V > (1 + ), N should be
maximized, which contradicts constraint 2 not binding. Therefore, this case is only
applicable when V < (1 + r). Here, any combination of N and « € [a, 1] satisfying (A.9)

will be optimal.

Constraint 2 binds, constraint 1 does not

This case is not feasible. If constraint 1 is slack, the optimal choice of D is 0 since there is
no reason to take on costly deposits when the bank has remaining equity. Since constraint 1
is not binding, E, — N > 0. Therefore, to satisfy (A.6), we need (1 — a)N(V —

1- a)Nyaz) < 0. Since price is always positive, this requires a > 1, which is not
feasible given that « is a fraction bounded above by 1. Therefore, constraint 2 cannot bind

before constraint 1.

Both constraints bind
From (A.5),

N=E,+D (A1D)

From (A.6),

a=1_17—\/172—4y02(1+r)(N—E0) (A12)

2Nyao?
Equations (A.3) and (A.4), respectively, yield the following expressions for the Lagrangian

multipliers

_ 20+ )1 - a)Nys? —iV

— A.13
V—-2(1—a)Nya? ( )

2
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A =r1+21) (A.14)

Plugging (A.13) and (A.14) into (A.2) yields

VW+ (@G- +71)
~ 2Nya?(V + i(1 + 1)

(A.15)

From (A.12), (A.15), and (A.11), the bank’s optimal origination and borrowing decisions
can be determined, as follows, provided a > «a.

V20 +i(1+ r))2 — (V1 + 1))
4yc?(1+r)(V+i(1+ 7"))2
b V@ +i1+1)° = (P +1)° (A.17)

4yc?(1+nV+i(1+ r))2

N =Ey+ (A16)

If « is limited by a, the optimal N is determined by setting (A.12) equal to a. This yields
N(@)

(1-aV-1+n+ J(—(1 —a)V+(1+ r))2 —ayo(1-a)’(1+r)E, ~ (A18)
) 20— oo

The more loans the bank originates, the more it must sell to meet its debt constraint.
Therefore, when retention is at its minimum g, origination is at its maximum. That is, N («), as

defined in (A.18), is greater than N, as defined in (A.16) when a > a.

When V > (1 + r), the optimal solution is always case (iv). This is the case | focus on since it is

logical that the return on the risky loans is greater than the return on riskless debt. However, this

is not necessarily the case. If 7 < 1, the expected return to creating a new loan is less than the

cost and the bank will opt not to originate any loans. The trivial solution of N = 0,D = 0,

and a = 1 will prevail for any model parameters. This is case (i). When 1 < V < (1 +r), both

case (ii) and case (iv) are possible.

The threshold between case (ii) and case (iv) when 1 < V < (1 + r) is determined by plugging

(A.9) and « into constraint 2. This gives the threshold

iA+DA+r) -1+ i)\[(i(l +7))2 — 4yo2(1+)(1— @) (1 + E, (A.19)

v 2+ D0 -0
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When V7 > V*, loans are more valuable so the bank will originate more. This will require more
deposits, which will lead the bank’s debt constraint to bind. This is case (iv). On the other hand,

when V7 < V*, the bank originates fewer loans and the debt constraint will not bind. This is case

(ii).

Proof of Proposition 2. The maximization problem faced by the bank at time 0, given in
equation (15), can be restated with the following Lagrangian equation

L=6[1+)1—ay)NV -1 —ay)Nyo?)+ayNV|
+(1-0O)[A+DA—a)NV -1 —a)Nys?)+a,NV] —N
— 1D + A4[Ey + D — N]
+ ,[Eg+D—N+ ({1 —ay)N(V - (1 —ay)Nys?)— (1 +7)D]
+A3[Eg+D—N+ (1 —a)N(V—(1—a,)Nys?)
— (1 +7)D]

(A.20)

where 1;, 1,, and A5 are the Lagrangian multipliers corresponding to the budget constraint, the
riskless debt constraint in state H, and the riskless debt constrain in state L, respectively. Solving
this equation yields the following Kuhn-Tucker first-order conditions:
O[(1+ )1 — ay)V —2(1 + )1 — ay)?Nyo? + ayV]
+1-9[A+DA-a)V-21+)(1—a,)?Nysc*+a,V]-1-2
+ ;2[—1)}(1 - 1)11)17 —Lz)(_1 - a(H)ZN;)/iZ] o ! 1 (A.21)
+A3[-1+ (1 — )V —2(1 — a;)*Nyo?] =0
9 [—(1 +DN? +2(1 + D)1 — ay)N?ya? + NV + 1,[-NV + 2(1 — aH)NZya2]] =0 (A22)
(1-6) [—(1 + DNV +2(1 +)(1 — a,)N?yo? + NV + 3[-NV + 2(1 — aL)NZyaz]] =0 (A23)
—r+A4+rd,+ri;=0 (A.24)
M[Eo+D—N]=0 (A.25)
Ao|Eg+D =N+ 1 —ay)N(V - (1 —ay)Nys?)—(1+7r)D] =0 (A.26)
A3[Eg+D =N+ 1 —a)N({V - (1—a)Nyc?)—(1+7)D] =0 (A.27)

The solution has 8 possible cases, some of which are not feasible.

(i) None of the constraints are binding
From (A.22),
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(ii)

(iii)

(iv)

iv

—1_ A.28
H 2(1 + )Nyo? (A28)
From (A.23),
1+)V -7
g =1 LTV (A.29)
2(1+i)Nyo?

Plugging (A.28) and (A.29) into (A.21), given that 11 = A> = 13 = 0 from (A.25), (A.26), and
(A.27), respectively, yields 7 = 1. If ¥ > 1, N should be maximized, which contradicts
constraint 3 not binding. If ¥ < 1, N = 0 at the optimum. Therefore, D =0, a; = 1, and

0(L=1.

Constraint 2 binds, constraints 1 and 3 do not
This case is not feasible. If constraint 1 is slack, the optimal choice of D is 0 since there is
no reason to take on costly deposits when the bank has remaining equity. Therefore, when
constraint 2 is binding, we have

Eg—N+ (1 —ay)N(V - (1 —ay)Nys?) =0 (A.30)

Since constraint 1 is not binding, E, — N > 0. Therefore, to satisfy (A.26), we need
1- aH)N(l? —-(1- aH)Nyaz) < 0. Since price is always positive, this requires ay > 1,
which is not feasible given that ay is a fraction bounded above by 1. Therefore, constraint

2 cannot bind before constraint 1.

Constraint 3 binds, constraints 1 and 2 do not
By the same logic as shown in case (ii), this case is not feasible.

Constraint 1 binds, constraints 2 and 3 do not
From (A.25),

N=E,+D (A31)

From (A.22),
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(v)

(vi)

iv

—1_ _ A.32
W= d T ONye? (A.32)
From (A.23),
A+DV -7

—1_ = A.33
“w= 1 T ONye? (A-3)

Equation (A.24) yields the following Lagrangian multiplier
=T (A.34)

Plugging (A.32) and (A.33) into (A.21) yields ¥ = 1 + r. When V > (1 + r), N should be
maximized, which contradicts constraints 2 or 3 not binding. Therefore, this case is only
applicable when V < (1 + r). Here, any combination of N and (ay, a;) € [, 1] satisfying
(A.32) and (A.33) will be optimal.

Constraints 2 and 3 bind, constraint 1 does not

By the same logic as shown in case (ii), this case is not feasible.

Constraints 1 and 2 bind, constraint 3 does not

From (A.25),
N=E+D (A.35)
From (A.26),
7V — . /U2 — 2 —
aH=1_V JV2 — 4yg2(N — Ey + D) (A.36)
2Nyo?
From (A.23),
1+DV -V
g =1-t L=V (A37)
2(1+i)Nya?
Equations (A.22) and (A.24), respectively, yield the following expressions for the
Lagrangian multipliers
6[2(1+)(1 — a,)Nyo? — iV
2, = [2(1 +i)( L)Nyo ] (A38)

V-2 —a;)Nyo?
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(vii)

A =11+ 1) (A.39)

Plugging (A.37), (A.38), and (A.39) into (A.21) yields

L TW+A+rA->0+0)86)—-61+n7V

2Nya?2(V+ (1 +7r)(1 - (1 +0)0)) (A.40)

ay =
From (A.35), (A.36), and (A.40), the bank’s optimal origination and borrowing decisions
can be determined, as follows, provided a > «a.

PO+ +nA-0+00)° =01+’

N=FE,+ — . (A.41)
4yc?(1+r)V+ (A +r)(1 -1 +0D)0))
Given that constraint 1 and 2 bind, but constraint 3 does not, this requires
(1+7D=0-ay)N(V -1 -ay)Nys?) < (1 —a )NV - (1 —a,)Nys?) (A42)
Plugging (A.36), (A.37), and (A.41) into (A.42) yields
N 6%(1 +1)?P? &
2 _ 2 _
4 Y —asoe (A.43)

. 2
(P+a+na-a+ i)H))
This inequality does not hold for any parameter values, meaning case (vi) is not feasible.

The debt constraint in state L always binds before the debt constraint in state H.

Constraints 1 and 3 bind, constraint 2 does not

From (A.25),
N=E,+D (A44)
From (A.22),
iv
=1l-— A.45
S 2(1 + )Nyo? (A45)
From (A.27),
V-, V?—4yc?(N —E,+rD
o =1 - LNV ot (V=B +7D) (A46)

2Nyao?
Equations (A.23) and (A.24), respectively, yield the following expressions for the

Lagrangian multipliers
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_A-)20+ DA —a)Nye? +V — (1 +DV]

: V- 2(1 - a)Nyo? (A47)
A=r(1+23) (A.48)

Plugging (A.45), (A.47), and (A.48) into (A.21) yields
0 =1- VWV+ @+ -Q+dQ-0))-1-601+nV (A.49)

2Nya?(V+ (1+r)A -1+ -0))
From (A.44), (A.46), and (A.49), the bank’s optimal origination and borrowing decisions

can be determined, as follows, provided a > «a.

V20 + 1+ - 1+)A-0))" - ((1-0)1+nD)’

N=E,+ — 5 (A.50)
4?1+ (V+ (A +r)A -1+ —-86)))
b V2O + 1+ -1+ )1 —-0))° — ((1—0)(1+ D)’ (A.51)
4y 1+ 1T+ 1+ - 1+ DA - 0)))°
(viii) All constraints bind
From (A.25),
N=E,+D (A52)
From (A.26),
7 _ 72 _ 2 —
=1 V=V 42;/]3)/;1;/ Ey +1D) (A53)
From (A.27),
— 2 _ 2 _
aL=1—K V2% —4yo?(N — Ey + rD) (A54)

2Nyao?
Equations (A.22), (A.23), and (A.24), respectively, yield the following expressions for the

Lagrangian multipliers

_6[20+ DA — ay)Nyo® — iV

2 = = (A.55)
V—-2(1—ay)Nya?

_A-)20+ A —a)Nye? +V — (1 +DV] A6

° V—2(1—-a,)Nyo? (A.56)

L=r(1+2,+213) (A.57)
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Plugging (A.52), (A.54), (A.55), (A.56), and (A.57) into (A.21) yields

—

v (1 +nr)V
2Nyo? 1-6)(1A+1r)V (A.58)
JV?% —4yo?2(1+r)(N — Ey)

aH=1
2Nyo2 |V +i(1+71) —

Setting (A.53) and (A.58) equal yields the bank’s optimal origination decision.

When V > (1 + r), the bank’s optimal solution falls in either case (vii) or case (viii). Plugging
ay from case (vii), as defined by (A.45), into constraint 2 shows that, for the constraint to be
slack, the following condition is required.
2iV% + {272
N<E A.59
ot 41+ 0?21 +r)yoc? ( )

Setting (A.59) equal to (A.50) yields the following threshold on V.

o (A=A +NA+)?+ (20 + i2)(V +i(1+7)°
A+ +i+1)

(A.60)

Therefore, when V < VV*, ambiguity is high, origination is low, and constraint 2 does not bind.
However, when V > V*, constraint 2 will bind as the bank is taking on more deposits to fund

more loans in this lower ambiguity setting.

Proof of Proposition 3. When there is no risk in the market, the bank’s maximization problem at
time O, given in equation (17), can be restated with the following Lagrangian equation

L=0[(1+)A—agNV+ayNV]|+ (1 -0)[ (1 +i)(1—a,)NV +a,NV]-N
—1D + M[Eg+D —N]+ A,[Eg+ D — N+ (1 —ay)NV — (1 +7)D] (A.61)
+A3[Eg+D =N+ (1 —a,)NV — (1 +7)D]

where 14, 1,, and A5 are the Lagrangian multipliers corresponding to the budget constraint, the
riskless debt constraint in state H, and the riskless debt constrain in state L, respectively. Solving
this yields the following Kuhn-Tucker first-order conditions:
o[+ DA —ap)V+ayV]|+ A - +DA—a)V +a, V] -1-2 AG2)
+ A1+ A —ap)V] +3[-1+@—-a))V]=0

0[-(1+ )NV + NV +1,[-NV]| =0 (A63)
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(1-6) [~ + DNV + NV + 25[-NV]]| =0 (A69)
—r+A+ri,+1rd3=0 (A.65)

M[Eo+D—N]=0  (A.66)

A[Ee+D—N+ ({1 —ag)NV—(1+7)D]=0 (A.67)
A3[Eo+D—N+ (1 —a)NV—-(1+7)D]=0 (A.68)

First note that, in state H, the bank will always choose ay = a. When there is no risk, the price
the bank receives does not decrease with quantity. Therefore, the bank can receive the full value

¥ for all securities it sells and then investment the proceeds in additional loans for an even higher return.

Also note, that as shown in the case with both risk and ambiguity, the budget constraint always binds
when V7 > 1. Therefore, N = E, + D.

Consider the case when constraint 3 binds, in addition to constraint 1. From (A.68), we have
_q (1+r)(N—E)p)
a, = NV

(A.69)

Equations (A.64) and (A.65), respectively, yield the following expressions for the Lagrangian

multipliers

1= -0+dy)
- v

A o=7(1+2) (A71)

A3 (A.70)

Plugging (A.69), (A.70), and (A.71) into (A.62) yields

4

N N )4
1+r—6(1+i—gi)V+(1—0)<—V+¥(1+r))=O (A.72)
Solving (A.72) for V gives us the threshold

~ 1-0)1+nr)V
(A -+ 1)V + (A +1)(i— 6 —i6)

*

(A.73)

When V < V*, there is severe ambiguity in the market such that the bank will opt to retain
everything in state L. That is, &, = 1. However, if V > V*, the lower price received due to
ambiguity is overweighed by the benefit of securitizing and investing in additional loans.
Therefore, a;, = a.
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The alternative case is that constraint 3 does not bind. In this case, from (A.58), we obtain

~

|4

a+D (A.74)

K:

14
(1+i)

Thatis, if V < % the bank will choose @, = 1 and if V > , the bank will choose a; = a.

Therefore, to determine if constraint 3 binds or not, we need to compare (lle) and V*. This yields

the required condition for constraint 3 to bind:

7(1+6i(1-a))>1+7 (A.75)

Intuitively, this condition will always hold under reasonable parameter values given that
0i(1 — &) > 0 and the return on the risky asset, ¥/, should be greater than the return on riskless
deposits, 1 + 7.

Given that constraint 3 always binds, the optimal value for origination is solved by plugging «;,
into (A.69) and solving for N. Likewise, D is obtained from N = E, + D. Specifically, we obtain

E, ifV <v*

N = (1+1)E, (A.76)
ity < v
T+r—(—a)y ==
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