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Abstract

We study banks’ incentives to create complex securities backed by assets
of heterogeneous quality. When banks offer complex securities, investors dis-
agree on their value. Disagreement is beneficial to the banks when investors
are wealthy enough since in that case prices are determined by more opti-
mistic investors. In bad times instead, banks prefer to offer simple securities
as these create no disagreement. As competition among banks is increased,
banks have extra incentives to issue complex securities. Moreover, compe-
tition may force banks into a form of prisoners’ dilemma leading them to
issue complex securities, when higher asset prices could be achieved if all

banks committed to issuing simple securities.
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1 Introduction

Investors daily trade structured financial products for hundreds of billions of dol-
lars.! These products are typically issued by financial institutions and they are
obtained by pooling multiple financial assets and designing securities whose payoffs
depend on the value of the underlying assets.

The practice of creating such securities, called securitization, has a long history
and it has been traditionally viewed as an instrument to create liquidity and share
risk.? Over the recent past, structured financial products have taken forms of
increasing complexity (see Zandi (2008)). Notable commentators have argued
that this complexity has led to an increased exposure to risk for investors, who
may end up buying assets they do not understand.?

The complexity of these products makes it challenging to define the right val-
uation model, to the point that even professional experts often display significant
heterogeneity in their evaluations. As testified by Mark Adelson (S&P chief credit

officer) in the context of the subprime crisis,*

"It [Complezity] is above the level at which the creation of the method-
ology can rely solely on mathematical manipulations. Despite the out-
ward simplicity of credit-ratings, the inherent complexity of credit risk
in many securitizations means that reasonable professionals starting

with the same facts can reasonably reach different conclusions.”

Similar concerns appear in the academic literature. There exists considerable

heterogeneity in the evaluations of asset-backed securities among highly sophisti-

'In the U.S. in 2015, the average daily trading volume of securitized products was $196.7
billion. That makes it the second largest fixed-income market after the Treasury bond market
(see SIFMA’s 2015 Securitization Year in Review at www.sifma.org).

2See Fratianni (2006) for an account of securitization in the 12th century in Genoa. Frehen,
Goetzmann and Rouwenhorst (2013), Riddiough and Thompson (2012), Choudry and Buchanan
(2014) discuss other famous historical examples.

3For example, Paul Krugman (2007): "[Asset backed securities] were promoted as ways to
spread risk, making investment safer. What they did instead -aside from making their creators
a lot of money [..]- was to spread confusion, luring investors into taking on more risk than they
realized." George Soros (2009): "Securitization was meant to reduce risks [..]. As it turned out,
they increased the risks by transferring ownership of mortgages from bankers who knew their
customers to investors who did not."

4Testimony before the Committee on Financial Services, U.S. House of Representatives, Sep-
tember 27, 2007. Quoted in Skreta and Veldkamp (2009).



cated investors, and this disagreement is likely to be driven by differing valuation
methods.’

In a related vein, in his popular account of the 2008 crisis, Michael Lewis (2010)
suggests that rating agencies were not paying attention to every loan in a given
pool but rather assessed a "representative asset" in the pool. In response to this
practice of rating agencies, issuers were induced to offer pools containing assets
of very heterogeneous quality, which resulted in larger profits for the issuers and
larger risks for investors.°®

These observations have led us to the following research questions. If profes-
sionals or investors evaluate complex securities using simplified models, what is
the effect on asset prices? In turn, how does this affect banks’ strategies of design-
ing more or less complex securities? Are banks’ strategies likely to be different in
good and bad times? Are the incentives to create complex securities reduced or
exacerbated by competition among banks?

We develop a simple model to address these questions. We consider several
banks holding assets (say, loan contracts) of different quality (say, probability of
default). Banks are able to package their assets into pools as they wish and sell
securities backed by these pools. Securities can be made more or less complex,
and in our setting (as it will become clear) the complexity of a given security
depends on the heterogeneity of the assets in the underlying pool. The familiar
market clearing conditions determine the prices of the various securities assuming
investors are wealth-constrained and cannot short-sell (an assumption we partially
relax in the extension section).

Our key assumption is that investors have a limited ability to assess the value

of the pools, which we describe as follows: Each investor randomly samples one

5See e.g. Bernardo and Cornell (1997) for disagreement about collateralized mortgage oblig-
ations among major investment firms and Carlin, Longstaff and Matoba (2014) for disagreement
about mortgage backed securities among major dealers of these securities.

Lewis (2010): "All they [Moody’s and S&P] and their models saw, and evaluated, were the
general characteristics of loan pools. To meet the rating agencies’ standards, [..]the average
FICO score of the borrowers in the pool needed to be around 615. There was more than one
way to arrive at that average number. And therein lay a huge opportunity. A pool of loans
composed of borrowers all of whom had a FICO score of 615 was far less likely to suffer huge
losses than a pool of loans composed of borrowers half of whom had FICO scores of 550 and half
of whom had FICO scores of 680. [...] Barbell-shaped loan pools, with lots of very low and very
high FICO scores in them, were a bargain [for banks] compared to pools clustered around the
615 average."



asset from each pool and assumes that the average value of the assets in the pool
coincides with this draw considered as "representative". If an investor samples an
asset with expected value T from pool «, this investor believes that on average
assets in a have expected value . This heuristic captures, in a simple way, the
tendency of investors to excessively focus on a representative asset while overlook-
ing the possible heterogeneity of the assets in the pool (in line with the above
narrative of Lewis). It reflects a form of extrapolation from the limited amount
of information investors are able to process (further discussion on extrapolation
appears below).

We assume that the draws determining the representative samples are made
independently across investors. This is a simple way to capture that as the un-
derlying assets become more heterogeneous -or, equivalently, as securities become
more complex- their evaluations are more dispersed across investors (in line with
the above quote of Adelson).” Indeed, due to the independence assumption, the
more heterogeneous the pool is, the more dispersed investors’ evaluations. By
contrast, if assets are sold separately -or in homogeneous packages- the same sam-
pling procedure leads investors to the correct assessment of the assets’ value, and
there is no disagreement.

Disagreement may or may not be beneficial to the banks. Some investors
tend to overestimate and other investors tend to underestimate the value of the
pool (across investors, estimations are on average correct). The key question for
banks is whether market clearing prices are determined by more or less optimistic
investors. In our model, the answer depends on investors’ wealth. We assume
that each investor is risk neutral and so allocates his whole wealth to the securities
perceived as most underpriced. When investors are wealthy, only a small fraction
of them is needed to buy the securities at high prices. The larger the wealth, the
more optimistic the marginal investor who determines the market clearing price,
which in turns increases the incentive for banks to create disagreement by selling
complex securities.

We first study the case of a monopolistic bank. In the extreme case in which

investors are very wealthy, only the most optimistic investors buy, and their wealth

"More generally, the insights developed below would carry over, as long as there is no perfect
correlation of the draws across investors.



is so large that the bank wishes to create as much disagreement as possible. This
is achieved by selling securities backed by the most heterogeneous pool, the one
which contains all assets in the bank. More generally, we show that the larger the
aggregate wealth, the more profitable it is for the bank to create more complex
securities. Conversely, when wealth falls below some threshold, the bank prefers
not to securitize and it rather sells the loans as separate assets. We also provide
further insights on the optimal composition of the bundles: we show that it is
typically not profitable for the bank to pool assets of homogenous quality and
that bundles tend to contain worst quality assets.

A second key determinant of banks’ strategies is the degree of market compe-
tition. We show that, when several banks compete to attract investors’ wealth,
the incentives to create complex securities are increased. In a market in which
all banks offer complex securities, it is too costly to deviate and sell assets sepa-
rately. Investors (the marginal ones who fix the prices) would consider as equally
attractive separate assets of high quality and the securities perceived to be of high
quality, and this would result in lower profit for the deviating bank. Hence, in
oligopoly, banks are induced to securitize even when aggregate wealth is low and
a monopolist would sell the assets separately.

This mechanism is due to a negative externality that securitization creates on
the other banks. When a bank chooses to offer complex securities, it attracts more
wealth from those having a positive evaluation. That is detrimental to the other
banks as it reduces the amount of wealth investors can use to buy the remaining
assets. We show that, irrespective of its strategy, a bank is better off if the other
banks do not securitize and sell their assets separately.

Due to this externality, banks may face a kind of prisoner’s dilemma in which
the only equilibrium requires banks to offer complex securities, and that is detri-
mental to the banks in the sense that banks would sell at higher prices if they
could jointly decide to not securitize.

We note that the negative externality just observed may result in prices that
fall short of the fundamental values even when there is enough aggregate wealth
to cover the fundamental values. In this case, the mere option of banks to offer
complex securities, together with investors’ inability to correctly assess the values

of the pools, makes investors better off. When banks have the option to withhold



their assets (possibly at a cost), such low prices may lead banks to limit what they

put on the market, thereby resulting in welfare losses.

Empirical Implications

Even if highly stylized, our model can be viewed as shedding light on a set of
empirical phenomena. At a general level, we offer a simple benchmark framework
in which the disagreement of investors is endogenously shaped by the securitization
strategy of banks, which previous analyses did not consider. As illustrated in
Lewis (2010), banks’ responses to investors’ imperfect models may provide an
explanation for the observed patterns of securitization, in particular the trend in
complexity of these assets.

Our insights on the composition of the pools can be directly related to the
data. We suggest why banks have incentives to bundle assets of heterogeneous
quality, as the barbell-shaped pools in the above mentioned quote by Lewis, and
why low quality assets tend to be sold in bundles (see e.g. Downing, Jaffee and
Wallace (2009), Gorton and Metrick (2012), Ghent, Torous and Valkanov (2014)
for evidence of this). We also suggest that the heterogeneity of the pools tends to
be larger in good times, which we believe has not yet been tested.

In terms of pricing, a key feature of our model is that prices tend to be high
when a few investors buy the assets, which generates a negative relation between
breadth of ownership and asset returns. Such relation has been documented for
stocks in Chen, Hong and Stein (2002) who also consider the roles of heterogeneous
beliefs and short sale constraints. We are not aware of similar tests on asset-backed
securities.

Our mechanism suggests that securitization tends to develop in good times
(banks take advantage of securitization when investors have a lot of capital to
invest) and to drop when wealth in the economy shrinks. Such boom and bust
have been observed quite clearly in relation to the 2008 crisis (Gorton and Met-
rick (2012)). Our framework can serve as a building block for more systematic
investigations of the incentives for securitization along the business cycle.

Our model predicts a positive relation between asset complexity and overpric-
ing. The relation has been documented in several empirical studies, suggesting

that issuers deliberately create complex securities which investors fail to fully un-



derstand (see Lewis (2010) but also Henderson and Pearson (2011), Furfine (2014),
Ghent et al. (2014) and Célérier and Vallée (2015)). Specifically, our analysis pro-
vides a precise link between asset complexity, investors’ disagreement and asset
prices which should be subject of future tests.

Finally, we show that competition between banks does not reduce the incentives
of banks to issue complex securities, and as it turns out, competition makes it
harder for each single bank to escape securitization. This suggests that if one
wishes to regulate the use of securitization, competition alone does not seem to
be of much use. Our results may also explain a form of persistence in the practice
of securitization in oligopolistic banking systems to the extent that securitization

remains an equilibrium with multiple banks even for lower levels of wealth.

Literature on Extrapolation, Misvaluation and Disagreement
In the modelling of investors’ heuristics, we build on a large literature document-
ing that many investors tend to extrapolate from the limited amount of information
they hold. Our modelling is in line with the representativeness heuristic discussed
in the psychology literature (see Tversky and Kahneman (1975)). In particular, it
describes what Tversky and Kahneman (1971) called the "law of small numbers"
whereby "people regard a sample randomly drawn from a population as highly
representative, that is, similar to the population in all essential characteristics."
In financial markets, extrapolation has been documented in surveys on investors’
expectations (Shiller (2000); Dominitz and Manski (2011); Greenwood and Shleifer
(2014)) as well as in actual investment decisions (Benartzi (2001); Greenwood and
Nagel (2009); Baquero and Verbeek (2008)). Our formalization is most similar to
Spiegler (2006) and Bianchi and Jehiel (2015), but several other models of extrap-
olative investors have been developed including De Long, Shleifer, Summers and
Waldmann (1990); Barberis, Shleifer and Vishny (1998); Rabin (2002) and Rabin
and Vayanos (2010). None of these models addresses securitization.
In recent years, asset-backed securities have been evaluated also through spe-
cialized agents such as financial advisors or rating agencies. As mentioned above,
while their models are certainly more sophisticated, they were not well suited to

deal with the typical complexity of these securities.® A common theme in the

8As shown in Rajan, Seru and Vig (2015), banks strategic responses to investors’ models



2008 crisis was that models in place were appropriate to evaluate much simpler
securities (like corporate bonds) and, when applied to asset-backed securities, they
overlooked fundamental specificities of these securities and led investors to misper-
ceive risk (Mason and Rosner (2007), Coval, Jurek and Stafford (2009), Gennaioli,
Shleifer and Vishny (2012)). Evidence suggests that inaccuracies were more pro-
nounced for more complex assets (Opp, Opp and Harris (2013), Efing and Hau
(2015)). Despite focusing on different dimensions of misperception (we abstract
from misperception of risk in our baseline model by considering risk neutral in-
vestors), our assumed heuristic is in line with this narrative: our investors hold a
model which works well when evaluating simple assets (i.e., single loans) but turns
out to be inaccurate when applied to complex securities.” This also connects our
study to models of mispricing with rating agencies (as Skreta and Veldkamp (2009)
and Bolton, Freixas and Shapiro (2012)). The mechanisms we propose are how-
ever very different, in particular, in that the complexity of asset-backed securities
is endogenously chosen by the banks in our setting.

Our model is also related to the literature on financial markets with heteroge-
neous beliefs and short selling constraints as in Harrison and Kreps (1978). Xiong
(2013) provides a recent review and Simsek (2013) studies more specifically finan-
cial innovation in such markets. Methodologically, our approach differs from that
literature in two important ways. First, the heterogeneity of beliefs in our setting
is not a primitive of the model but it is endogenously determined by the bundling
decision of banks. Second, the prices of assets in our model are not necessarily
determined by the most optimistic investors, as the marginal investors fixing the
level of prices depend on the level of wealth in the economy. Another interest-
ing observation in relation to this literature is that introducing short selling in our
model may increase the incentives to create disagreement in a market with several

banks (see Section 6 for details).

Literature on Securitization and Bundling

A large literature on security design shows that an informed issuer may reduce

also contribute to the inherent complexity of these instruments, making the task of defining the
correct valuation model even more challenging.

9The procedure would also be accurate if pools contained assets of homogeneous quality, but
we show that banks do not find it optimal to issue such pools.



adverse selection costs and promote trade by pooling its assets and create securities
whose evaluations are less sensitive to private information. This typically takes
the form of bundling all assets into one pool, slice the pool into a junior and a
senior tranche, and sell the senior tranche to investors (see e.g. Myers and Majluf
(1984), DeMarzo and Duffie (1999), Biais and Mariotti (2005), DeMarzo (2005)).°

As shown in Arora, Barak, Brunnermeier and Ge (2011), however, the ar-
gument is reversed when issuers can choose the content of the pools and create
complex securities from these pools (as in our model): Asymmetric information is
exacerbated and a complexity premium arises.!! In our main analysis, we abstract
from tranching possibilities. However, in Section 6, we show that tranching in our
setting would allow banks to further exploit belief heterogeneity as opposed to
providing better risk sharing.

Finally, the potential benefits of bundling have been studied in several other
streams of literature, from IO to auctions. A common theme is that in face of
uncertain valuations, some form of bundling is desirable because it allows the
monopolist to reduce the informational rent left to the agents.'> Our rationale is
different, since in our model it is the mere choice of bundling that endogenously

creates the dispersion of beliefs.

2 Model

There are N risk-neutral banks. Each bank ¢ possesses several assets, we denote
asset 7 of bank 7 as X]’: and its expected payoff as a:; For concreteness, asset X}
may be thought of as a loan contract with face value normalized to 1, probability
of default 1 — x; € [0, 1], and zero payoff upon default. We order assets in terms

of increasing expected payoff; that is, we have x; < :c; 4 for each 7 and j.

10Recent contributions along these lines include Pagano and Volpin (2012), who show that
selling opaque bundles is desirable when investors have different cognitive abilities as it reduces
the informational advantage of the more sophisticated investors, and Farhi and Tirole (2015),
who show that bundling induces the seller and the buyer to be symmetrically informed when
both parties can acquire information.

HSee also Sato (2014) for a model in which the complexity premium arises from investors’
attempts to evaluate the quality of fund managers.

12Tn the context of a monopolist producing multiple goods, see e.g. Adams and Yellen (1976)
and McAfee, McMillan and Whinston (1989). For models of auctions, see e.g. Palfrey (1983)
and Jehiel, Meyer-Ter-Vehn and Moldovanu (2007).

9



Each bank may pool some of its assets and create securities backed by these
pools. Each bank can package its assets into pools as it wishes. We denote by o,
a generic pool of bank 7, which we identify as a subset of X* = {X;,j =1,...,J}
The bank then creates pass-through securities backed by the pool a.: An investor
who buys a fraction w of the securities backed by . is entitled to a fraction w of
the payoffs generated by all the assets in o’.'® Hence, the selling strategy of bank
i can be represented simply as a partition of X? which specifies which assets are
put in the market and how those assets are bundled. We denote such a partition
by o' = {af,{a’},}, in which the set of assets which are kept in the bank is o}, and
the set of bundles used for the corresponding securities are indexed by r =1, 2, ...

The expected payoff of bank i choosing o is defined as

=3 Jai|plal) + 3 Tai, (1)

i o
a:onzO

where || is the number of assets contained in of, p(al) is the price of the security
backed by o] and 727 is the value of keeping asset X7 in the bank. In the case
when 7 = 0, all assets have no value for the bank (say, an extreme form of liquidity
shock). In the case when 7 = 1, the bank sells an asset only if the expected price
is above the fundamental value. We denote the set of bundles sold by all banks as
A= {{aih}¥,.

There are K risk-neutral investors, indexed by k. We denote by w;, the budget
of investor k and by W the aggregate budget across all investors. That is, W =
>, wy. Having in mind that the value of a bundle o/ may be difficult to assess, we
assume that each investor uses the following heuristic procedure. For each bundle
o', investor k samples one basic asset from o’ at random (uniformly over all assets
in o) and assumes that the average expected value of the assets in o coincides
with this draw.!* Specifically, denote by 7j(a’) the evaluation that investor k
attaches to the average asset in aj: Zj(a}) takes value % with probability 1/ |o]
for every X € ;. We assume that the draws are independent across investors.

It follows that if || = 1, investors share the same correct assessment of bundle

13We introduce the possibility of tranching in Section 6.
14The variance of these values as well as their correlation are irrelevant given our assumption
of risk-neutrality.
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als if [al] > 1, investors attach different values to o’ depending on their draw.

In this setting, a natural measure of complexity of a security is defined by the
size of the underlying pool of assets. We say that a security backed by o’ is more
complex than a security backed by &' if |al| > |&!|. We say that a security backed
by o' is simple when || = 1. Given investors’ sampling procedure, and banks’
pooling strategies as described in the next analysis, more complex securities will
be associated with larger disagreements across investors.

We allow the number of investors K to be finite (in which case one can think of
dispersed investors following the advice of one financial expert out of K financial
advisors) or to be infinite. When K is infinite, we have in mind the limiting case
as K — oo of a setting in which, from the law of large numbers, each asset in
bundle o is sampled by a fraction 1/ |aZ| of investors.

Prices are determined by market clearing, where the supply and demand of
the securities backed by a! are defined as follows. If o' consists of |a!| assets, the
supply of o is

S(at) = |ai] 2)

The demand for o’ is defined as

1
p(ai)

D(a;) = > widi(ay), (3)

%

') is the fraction of the budget wy allocated to bundle o.. We assume

where A\ («
no borrowing or short-selling (an assumption we discuss in Section 6), so that
Ak € [0,1] for all k. Given the risk-neutrality assumption, each investor allocates

his entire budget to the securities perceived as most profitable. That is, we have

~ e A @;(ai)
A:(@) > 0 iff & € argma ks
#(@) gaﬁe?ﬁf p(at)

and ZTg(&) — p(&@) > 0,

and
SaiMe(al) = 1 if max(Zy(al) — p(al)) > 0.

al€A "
The timing is as follows. Banks simultaneously decide their selling strategies so as

to maximize the expected payoff as described in (1); investors assess the value of

each security according to the above described procedure and form their demand

11



as in (3); a competitive equilibrium emerges which determines the price for each
security so as to clear the market.

When K is finite, the price p(a!) may vary stochastically as a function of the
profile of realizations of the assessments Zj (a’,) of bundles a?, by the various
investors k’. When we consider the case of an infinite number of investors, the

randomness of prices is removed, which simplifies the derivation of some results.

Remark on Investors’ Heuristic and Rationality

The heuristic of our investors is simple and we believe natural in light of the
considerations discussed in the Introduction. It may be interesting to discuss
which ingredients could be derived from a more orthodox approach and which
ones should be attributed to bounded rationality. A first essential element is that
our investors have no prior knowledge about the various assets and they assess the
value of the average asset in a pool based on the signal they draw about one asset.
While it is hard to derive this type of evaluation in a Bayesian framework with an
objective representation of the model, one may alternatively view the investors as
holding wrong perceptions about how assets are allocated into pools. If investors
were to believe that assets in a pool come from i.i.d. draws say from a normal
distribution, their estimate would be a convex combination between the signal
they get and their prior, and if they were to attach very high precision to the
signal they draw, they would behave as in our model.!> Investors would believe
their draw is representative of the average asset in the pool without considering
that, in our framework, the composition of the pools is chosen by banks precisely
with the desire to exploit the imperfect model employed by investors.

A second essential element is that investors only consider their own signal when
forming evaluations, without trying to infer extra information through the price
levels. This could be derived by allowing investors to have subjective priors for ex-
ample on how information is distributed. From that perspective, our model can be
viewed as considering an extreme form of overconfidence (very high weight on one
own signal), which allows us to simplify (by trivializing it) the inference problem

from the observation of the prices. An alternative way to limit investors’ inference

15 This is to be contrasted with our preferred rationale in which the draw is the only basis on
which the investor can base his belief (prior-free story).

12



from prices would be to introduce noise traders in the tradition of Grossman and
Stiglitz (1976).

Finally, a third ingredient is that investors only process one signal per bundle.
Having investors who sample a limited number of signals could be easily derived by
introducing an explicit cost of processing information (see the discussion section

for a setting allowing for multiple signals).

3 Monopoly

We start by analyzing a monopolistic setting with N = 1 (we omit the superscript
i for convenience). This is the simplest setting to highlight some basic insights, in
particular the effect of investors’ wealth on the incentives for the bank to create
complex securities. Due to the sampling heuristic followed by investors, complex-
ity creates disagreement among investors, and such a disagreement may or may
not be beneficial to the bank, depending on the level of wealth in the economy.
Specifically, investors’ wealth determines, along the distribution of beliefs, who
the marginal investor fixing the market clearing price is. The larger the wealth,
the more likely it is that more optimistic investors are marginal, and so the larger

is the incentive for banks to create complex securities.

3.1 Simple Securities are Optimal without Disagreement

A preliminary observation is that some disagreement among investors is needed
to make it profitable for the bank to create complex securities. This can be shown
most simply by considering the case of a single investor, K = 1.1® Assume that
the bank sells a subset J C J of its assets through simple securities (or, in other
words, as separate assets). Each sold asset X is then correctly perceived as having

value x;, so the payoff derived by the bank from those sold assets is:

min() " x;, W). (4)

jeJ

16The setting is equivalent to one in which investors’ draws are perfectly correlated and, in
each bundle, the firm assigns uniform probability to which asset gets drawn.

13



Assume by contrast that the bank pools all its assets in a single bundle « and sells
securities backed by a. A generic loan in the bundle is perceived to have value z;
with probability 1/ || for each j € J and thus the payoff of the bank is:

L.
memﬂamj,W).

jeJ

Such a payoff cannot strictly exceed the payoff in (4) due to the concavity of
min(.,w) and Jensen’s inequality. The argument extends to any other partition,

as reported in the following proposition.

Proposition 1 Suppose K = 1. Irrespective of W, the monopolistic bank prefers
to sell its assets (possibly a subset of them) separately.

3.2 Complex Securities are Optimal with Disagreement
and Enough Wealth

Another immediate observation is that complex securities cannot be profitable if
the aggregate wealth W falls short of the fundamental value of those assets which
are sold in the market, since selling assets separately exhaust the entire wealth
and no other strategy can do better. To see this most simply, suppose that 7 =0

so that all assets are optimally put for sale in the market.!” Define
WO = Z Zj, (5)
jeJ

and suppose that W < Wj. Selling assets separately gives W and the payoff from
any bundling cannot exceed W and can sometimes fall short of W due to the

possibly pessimistic assessment of the bundle. We have the following:

Proposition 2 Suppose K > 1, 7 =0 and W < Wy. There is no bundling which

strictly dominates full separation.

More generally, bundling is used in order to extract a larger share of wealth

from investors, taking advantage of the possibly optimistic assessments of the

170One can apply the same logic more generally to the subset of assets which are sold in the
market.
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values of bundles. Building on this idea, we establish that if there are at least two
investors, one sufficiently rich and another not too poor, then full separation is

strictly dominated by full bundling.

Proposition 3 Suppose K > 1 and there exist two investors ki # ko such that
wg, > Jry and wy, > Jxy. Then bundling all assets into one package strictly

dominates full separation.

To show the above result, recall that by definition z; = max;z; and z; =
min; z;. The condition wy, > Jz; ensures that full bundling delivers at least the
same payoff as full separation. For each x;, investor k; can pay Jz; when sampling
an asset with value x;. Hence, irrespective of other investors’ wealth, the expected
payoff for the bank is at least > y %ij. If in addition we have wy, > Jz;, then
full bundling strictly dominates full separation. When investor k; draws x; and
investor ks draws z; # x1 (which occurs with strictly positive probability) investor
ko drives the price of the bundle strictly above Jx;. Hence, the expected payoff
from full bundling exceeds ; T, that is the payoff from full separation.

Following on the same logic, we show that if there are at least two investors

with sufficiently large wealth, bundling all assets into one package is optimal:

Proposition 4 Suppose K > 1 and wy, > Jx; for all k. Then bundling all assets

into one package strictly dominates any other strategy.

The above result can be understood as follows (we refer to the Appendix for
the complete proof). When investors are very wealthy, the price of any security is
determined by the investors with the most optimistic evaluation of the correspond-
ing bundle -that is, by the maximum of the draws across investors- irrespective
of the bank’s bundling strategy. When a single asset is added to a bundle «,
it increases the dispersion in investors’ evaluations about «,. This increases the
payoff of the bank, since the maximal evaluation of the bundle does not decrease
and more assets are sold at such maximal evaluation. Hence, putting all assets
into one bundle is the optimal strategy.

More generally, the above result highlights a basic trade-off faced by the bank.
Disagreement among investors is profitable to the extent that only the investors

who overvalue the bundle (as compared with the fundamental value) are willing
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to buy. The question then is whether the wealth possessed by those investors
is sufficient to satisfy the corresponding market clearing conditions at such high
prices. Asset complexity has then two effects: on the one hand, a lower fraction
of investors are willing to buy, which all else equal induces lower prices. On the
other hand, more wealth is extracted from those investors who are willing to buy.
In the extreme case described in Proposition 4, only the most optimistic investors
buy (because their wealth is very large) so that it is optimal for the bank to create
as much disagreement as possible. This is attained by pooling all assets in a single
bundle.

We now consider intermediate levels of wealth so as to highlight more generally
how investors’ wealth affects the incentives to increase the belief dispersion, which
in turns determines the optimal form of securitization. We consider the simplest
setting for this purpose, one with three assets and a continuum of investors.!®

To illustrate how market clearing prices are set, suppose the bank creates a
single bundle consisting of all three assets { X1, Xo, X3}. A fraction 1/3 of investors
samples X; and assesses that on average assets in the bundle have value x; 1/3
of investors assesses the average asset as zo, and 1/3 of investors assesses the
average asset as xg. If W/3 exceeds 3xq, the most optimistic investors drive the
price to a level at which no other investor is willing to buy. In that case, the
payoff of the bank is min(1//3, 3z3). When W/3 is slightly lower than 3x,, prices
are such that also investors who draw z, are willing to buy. Hence, the bank gets
min(2W/3,3x2). When W/3 is slightly lower than 3z, also investors who draw x;
are willing to buy and the bank gets min(W, 3z1).

It is clear that when W is sufficiently large, full bundling dominates any other
strategy as it allows to sell assets as if they all had value x3. We now characterize
more precisely the optimal selling strategy -referred to as partition a*- as a function
of W. We consider here the case 7 = 0; the logic for 7 = 1 is very similar and

reported in Section 5.

80ur results with a continuum of investors hold irrespective of how wealth is distributed
across investors.
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Proposition 5 Suppose K — oo, J =3 and 7 = 0. Then

a; = { X1, Xo, X3} for W > 6x3 + 39
a; = {X1, X3}, as = {Xa} for W € [2x5 + 2x9, 623 + 313)
a; = {X1, Xo}, as = {X3} for W € [2xq + 229,223 + 215)
a; = {X1}, as ={Xo}, az ={X3} for W < 2z + 2.

The above proposition highlights a key mechanism in our model. The larger
the aggregate wealth W, the more profitable it is to create bundles with several
assets of heterogeneous value. As W decreases, the bank prefers to bundle fewer
assets and assets of more similar value. When wealth is sufficiently large, full
bundling is optimal. The next optimal bundling is {X;, X3} followed then by
{X1, X5} up to the point where it is best to sell assets separately.

Moreover, in the three asset case, we observe that if wealth is so low that
pooling { X, X5} is dominated by offering {X;}, {X>} separately, then no other
bundling can be profitable. In the next proposition, we show that this insight

carries over more generally whatever the number of assets.

Proposition 6 Suppose K — oo and J > 1 and 7 = 0. Some bundling dominates
full separation if and only if W > 2(xg + x1).

3.3 Heterogeneity and Bundle Composition

Propositions 3 and 4 show when pooling all assets in a single bundle is profitable.
In the following proposition, we consider the case in which several assets have the
same value, and we observe that within homogeneous compositions, it is best to

create bundles which are as small as possible.

Proposition 7 Suppose K — oo and the bank has 2y, assets Y with value 0
and 2x2 assets Z with value z > 0, where x1 and X2 are positive integers. Then
creating a single bundle {2x1Y,2x2Z} is dominated by creating two bundles, each
with {x1Y, x22}.

The intuition behind the result is simple, and can be illustrated when y; =

X2 = 1. If the monopolist pools all its assets in the bundle {Y,Y, Z, 7}, its payoff
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is min(4z, W/2) since the maximal wealth that can be extracted comes from in-
vestors making a Z draw, i.e., half the population of investors. By creating two
bundles {Y, Z},{Y, Z}, its payofl is min(4z, 31W/4) where the term 31//4 accounts
for the fact that an investor making a good draw from either bundle (there are 3/4
of them) is potentially willing to put his wealth in the market. By disaggregating,
the monopolist does not affect the probability of inducing over evaluations of the
bundles since the composition of each bundle remains the same. But disaggregat-
ing allows the monopolist to extract more wealth since it reduces the fraction of
investors who end up with bad draws from all bundles. A similar effect occurs
as one increases the number of banks (and so possibly of bundles) in the market,

which we consider in the next oligopoly section.

4 QOligopoly

We now consider a setting with several banks and analyze the effect of compe-
tition. We first look at the incentives to create complex securities as a function
of aggregate wealth. Relative to the monopoly case, we find that competition
typically increases such incentives. We then show that complex securities create
a negative externality on the other banks, in the sense that -irrespective of its
strategy- each bank is better off if the other banks offer simple securities. This
externality leads to a new phenomenon: offering complex securities can be the
only equilibrium and at the same time be detrimental to banks, in the sense that
banks would be better off if they could coordinate on a different strategy. This is
similar to the so called prisoner’s dilemma in game theory.

We wish to present our results in the simplest setting. We consider a market
with N > 3 banks and a continuum of investors, we assume that 7 = 0 and each
bank has only two assets, with 2} = 0 and z}, = zo > 0 for all i. The selling
strategy for each bank is simple. It can either offer complex securities backed by
the pool { X3, X3} (or, in short, bundle), or simple securities { X7}, {X>} (that is,

sell assets separately). We consider more complex situations in Section 5.
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4.1 Complexity and Wealth

In order to see when bundling can be sustained in equilibrium, suppose all banks
offer securities backed by the pool {X;, X5}. Investors who sample x5 from at
least one pool are attracted in the market. Their aggregate wealth is (1 — (%)N W,

which is equally shared among the N banks. The payoff for each bank is thus:

1 1
B . N
T = 2x9, — (1 — (=))W).
min(2zo, N( (2) W) (6)
Suppose now that one bank, say bank d, sells its assets separately while other

banks continue to pool their assets. The payoff of the deviating bank d is

1
-B _ .
77 = min(x, SN 1W). (7)

To derive expression (7), we observe that in equilibrium it must be that investors
sampling x, from a bundle « are indifferent between buying the security backed
by a and the single asset X¢. If investors were strictly preferring X¢, no one
would be willing to buy the bundle, thereby violating market clearing. If investors
were strictly preferring the security over the separate asset X, only investors
sampling z; from all bundles would buy X¢. When N is large (as it turns out
N > 3 is enough for this), that is a small fraction of investors and so the price of
X4 would be too low to induce investors to buy the security.!” Hence, asset X¢ of
the deviating bank gets pooled with all the bundles, and the market behaves as
one with (2/V —1) identical assets with value x2. The deviating bank then attracts
a fraction 1/(2N — 1) of the aggregate wealth and, given that the price of X¢ is
unambiguously 0, that leads to the payoff shown in equation (7). From equations
(6) and (7), we see that bundling can be sustained in equilibrium for all levels of

W given that 72 > 7= for all W. This is summarized in the following proposition.
Proposition 8 Bundling is an equilibrium for all W.

Comparing with the monopoly case, in which the monopolist bundles when
W > 2x5, we observe that bundling occurs even for levels of wealth at which a

monopolist would not bundle. In an oligopolistic setting in which all banks bundle,

Y The case when N = 2 is discussed in Section 5.
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it would be too costly to deviate and sell assets separately. Separate assets of value
9 would be considered as equally attractive as the bundles and so the deviating

bank would receive a lower fraction of investors’ wealth.

4.2 The Externality of Complex Securities

An important effect of competition comes from the fact that offering complex
securities creates a negative externality on the other banks. Irrespective of its
strategy, each bank is better off if the other banks offer simple securities. The
reason is that when a bank creates complex securities it attracts more wealth
from those having a positive evaluation of the bundle, which in turn reduces the
amount of wealth available to buy the other assets and that is detrimental to the
other banks. To see this more precisely, observe that if all banks sell the assets
separately their payoff is

7V = min(zy, —). (8)

N
If bank d deviates and offers the complex security while other banks sell their asset
separately, the payoff of bank d is

2
U .
pu 2 ——
T min (2, N1

w). (9)
The logic behind equation (9) is similar to that behind (7). Investors who sample
2o from the bundle must be indifferent between the complex security and any
asset Xy of the non-bundling banks, so that the market behaves as one with N + 1

assets of value x5. The externality of bundling can be expressed as follows:

Proposition 9 Irrespective of its strategy, each bank is better off when all other
banks offer the assets separately than when they bundle. That is, 7¥ > 78 and
7Y > 7B for al W where 7V, 778, 77V and 7P are defined respectively in (8),

(7), (9) and (6).

4.3 The Curse of Complexity

The above described externality leads to a new phenomenon, which we call Cursed

Bundling: offering complex securities can be the only equilibrium and at the same
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be collectively bad for banks, in the sense that if banks could make a joint decision

they would rather offer simple securities.

Definition 1 We have Cursed Bundling when three conditions are met: i) Bundling
is an equilibrium; ii) Banks would be better off by jointly deciding not to bundle;

iii) Not bundling is not an equilibrium.

As shown in Proposition 8, no restriction on W is required to meet condition
(i). Condition (ii) requires that 1 is not too large, or bundling would not be
dominated. In particular, since by jointly deciding not to bundle each bank gets
7V as defined in (8), condition (ii) requires that 72 < z,. Given 7 in (6), that

defines an upper bound on wealth, i.e. W < W; where

N
W1 = ———Zo. (10)
- ("
Condition (iii) instead is never binding. To see this, notice that bundling displays a
form of strategic substitutability in the sense that each bank’s incentive to bundle
(compared to not bundling) is higher when the other banks do not bundle. By
not bundling, the other banks are likely to extract a lower fraction of wealth from

investors, and the incentives to bundle increase with the amount of wealth which

remains to be extracted. Formally, we have:

Lemma 1 The incentive to bundle is larger when the other banks do not bundle.

That is, 7% — 778 <77V — 7Y for all W.

The previous lemma implies that if bundling is an equilibrium, then selling
assets separately is not an equilibrium. Hence, in Definition 1, condition (iii) is
implied by condition (i). Taken together, the above considerations imply that
we have cursed bundling when W is no larger than W;, as summarized in the

following proposition.
Proposition 10 Cursed Bundling occurs for all W < Wj.

An interesting observation is that in cursed bundling, the mere option of banks

to offer complex securities, together with investors’ inability to correctly assess the
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values of the bundles, makes investors better off. Moreover, for W € (Nxq, W),
prices would be equal to fundamentals if banks offered simple securities and turn
out to be below fundamentals only due to bundling.

In the basic setup considered up to now, cursed bundling requires that equi-
librium prices are below fundamentals (as implied by 7% < x5). Such a property
is however not required in more general specifications, as illustrated in the next
section.

Moreover, by assuming 7 = 0, we ruled out the possibility that banks may
withhold some of their assets. This is relaxed in the next section, which allows to
highlight how cursed bundling can prevent banks and investors from fully exploit-

ing potential gains from trade.

5 Robustness

We have so far analyzed the simplest settings needed to develop our insights. We
now address the robustness of our results and discuss the effect of having 7 #£ 0, a
small number of investors and two banks. This section considers various settings

within the baseline model of Section 2. Extensions are considered in Section 6.

5.1 When Banks Withhold their Assets

When banks value their retained assets at their fundamental values (that is, 7 = 1),
it is never good to sell an asset separately as it would reduce the amount of wealth
available for the other securities without offering any benefit. This does not change
substantially the insights we have developed in the monopolistic setting with 7 = 0.
As shown in the Appendix, Proposition 5 would hold except that when the bank
would sell an asset X; separately in the context of Proposition 4 (i.e. whenever
7 =0), it now withholds it, and Proposition 6 would be unchanged.

A general property that holds beyond the three asset case is that, conditionally
on selling something, the monopolist would always include its worst asset in a
bundle when 7 = 1. To see this, suppose by contradiction that X, is kept in the
bank. As we know, bundling is profitable only if the price does not depend on the

lowest possible evaluation (the lowest X, in the bundle). Replacing the worst asset
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X, in the bundle with X; would not affect the price of the corresponding security
(nor of any other security possibly offered by the bank), but would improve the
payoff of the bank as the bank can keep X, instead of X;. This is summarized in

the following proposition.

Proposition 11 Suppose that 7 = 1, and the monopolistic bank puts at least one
asset in the market. Then it necessarily puts the asset with lowest return X, in

the market.

Turning to an oligopolistic setting, observe that when 7 = 1 and a bank with-
holds its assets, it gets the fundamental values independently of what other banks
do. It follows that, in equilibrium, bundling must give to each bank at least
such fundamental values. That is also the maximal payoff obtained if there were
no bundle in the economy, and so cursed bundling in the strong sense defined
previously cannot arise when 7 = 1.

Interestingly however, one can still have that banks are induced for strategic
reasons to create "excessive" complexity as compared to what would be collectively
optimal for the banks. The simplest setting to illustrate the possibility of cursed
bundling in this broader sense is one with N > 3 banks, each of them with two
assets valued z; = 0 and one asset valued x5 > 0. Full bundling occurs when each
bank pools all its assets in a single bundle. We say there is partial bundling when
each bank keeps one asset with value z; and pools the other assets (with value x;

and x5) in a single bundle. We modify the definition of cursed bundling as follows.

Definition 2 We have Partially Cursed Bundling when i) Full bundling is an
equilibrium; ii) Full bundling is dominated by partial bundling; iii) Partial bundling

18 not an equilibrium.

If all banks create the full bundle, the payoff of each bank is

F_ 1 2\Nn
7 = min(3z,, N(l - (§> YW, (11)

where the term + (1— (%))W accounts for the total wealth of the share of investors

who make a positive draw X, for at least one of the N bundles. Full bundling
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can be sustained in equilibrium only if 7! > x,, since each bank can get x5 by

withholding its assets. That requires W > W5, where

N

As we show in the next proposition (whose proof follows the logic discussed in
the previous section and is developed in the Appendix) full bundling is indeed an
equilibrium for W > W,. As for condition (ii), if banks could jointly follow the
partial bundling strategy, their payoff would be

1 1
P . N
= 209, —(1 — (2))W). 13
Full bundling is dominated by partial bundling when 7 < 2z,. That is, when
W < 2W,. Finally, similarly to the previous section, one can show that condition
(iii) never binds: if full bundling is an equilibrium, then partial bundling is not an

equilibrium. This leads to the following proposition.
Proposition 12 There is Partially Cursed Bundling for W € (Wa, 2W5).

Partially cursed bundling requires that W is not too large, or full bundling
would be the optimal strategy. It also requires that W is not too small, or else
banks would prefer to withhold their assets. (The latter is different from what we
had in the previous subsection when 7 = 0.) As it turns out, under the conditions
of Proposition 12, when there is partially cursed bundling with 7 = 1, it is also so
with 0 < 7 < 1, the reason being that deviations are less profitable with 0 < 7 < 1

than with 7 = 1.20

Remark on Cursed Bundling and Welfare

The previous analysis has focused on the pricing implications of cursed bundling.
It is clear however that in general the possibility of cursed bundling affects also
the range of assets that banks decide to sell in the market. Unless 7 = 0, lower
prices induced by cursed bundling may lead some banks to not sell all their assets.

Unless 7 = 1, such lower supply implies that profitable gains from trade between

20Note however that we may have partially cursed bundling with 7 < 1 and not with 7 = 1.
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banks and investors cannot be exploited. Such missed trading opportunities would

result in a welfare loss, as a result of cursed bundling.

5.2 Small Number of Investors

In the limit of a very large number of investors, the bank does not face any
uncertainty on the payoff associated to a given bundling strategy. The reason
is that the belief of the marginal investor (that is, the lowest evaluation among
those investors who are willing to buy a given bundle) is deterministic. Having a
finite number of investors introduces a (mean-preserving) spread on such beliefs.
This may increase or decrease the payoff that results from the bundling strategy,
depending on whether such a payoff is concave or convex in the marginal belief.
This in turn depends on the aggregate wealth W. Consider a setting with two
assets, and denote by m£ the expected payoff obtained by the monopolist from
bundling when there are K equally wealthy investors and by 72 the corresponding

payoff when K — oo.

Remark 1 Suppose N =1, J =2 and wx = W/K for all K. If W € (21, 4x,],
then 78 > 78 for all K. If W > 4y, then 78 < w8 for all K.

When W € (221,4x;] and K — oo, the price of the complex security cannot
exceed 2x;. The marginal investor is the one with the lowest evaluation in the
population, so there is nothing to lose but possibly something to gain from a
spread in beliefs. Conversely, when W > 4z and K — oo, the price of the
complex security is for sure 2z5. The marginal investor is the one with the highest
valuation of the asset, so there is nothing to gain but possibly something to lose
when K is finite.?!

A setting with finite K also reveals that, while bundling can be profitable ex-
ante, it can be detrimental to the bank ex-post. Bad evaluations may be higher

than expected and so the marginal belief may be lower than expected. Similar

21 An additional source of uncertainty arises if investors have heterogeneous wealth. Again,
that may increase or decrease the payoff from bundling depending on whether wealth is low or
high. In a setting with J = K = 2, for example, having one investor with wealth w — ¢ and the
other investor with wealth w + £, as opposed to two investors with w, increases payoffs when
W € (2x1,421] and it decreases payoffs when W > 4.
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insights can be derived by introducing stochastic W, which we consider in the

next section.

5.3 Two Banks

In Section 4, we considered a setting with N > 3 banks so as to simplify the
exposition. When N = 2, the equilibrium is slightly different. As in Section 4,
assume a continuum of investors, 7 = 0 and x} = 0 and 2}, = 2o > 0 for all 4
but let N = 2. Suppose both banks bundle and bank d deviates and sell its assets
separately. Differently from the case in which NN is large, investors who sample
15 from the bundle strictly prefer buying the complex security as opposed to X{.
The deviating bank attracts only investors who sample x; from the other bank,
that corresponds to half of the aggregate wealth. Its payoff is then min(W/2, z5).
The deviation is profitable unless 72 > z,. Given (6) at N =2, 78 > x5 requires
W > 8x,/3. It follows that bundling is an equilibrium when W is large enough,
and that cursed bundling cannot occur. In fact, when W is small, the payoff from
bundling cannot be smaller than 1W/2, which is the maximum payoff from not

bundling. This is summarized in the following proposition.

Proposition 13 If N = 2, bundling is an equilibrium for W > 8x4/3. We have
no Cursed Bundling.

6 Extensions

In this section, we discuss a number of extensions of our basic model. First, we
consider the possibility of short selling. Then, we consider the effect of having
more sophisticated investors, who either sample more assets from each bundle
or discount bundles for complexity motives. We then discuss the possibility of
tranching and the role of risk aversion in our setting. Finally, we consider the case

of stochastic wealth.

6.1 Short Selling

Introducing short-selling has the obvious effect that investors with low evaluations

can drive the price down. A less obvious effect is that short selling may increase the
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incentives to create disagreement by offering complex securities in a competitive
setting: while short selling decreases the payoff from bundling, it also decreases
the payoff from deviations. Separate assets attract a lower amount of wealth since
investors may use their wealth to short sell the complex securities. We show in
a simple example that the second effect may be stronger, thereby making both
bundling and cursed bundling more likely to occur.

Suppose that investors can short sell and that short selling is limited by capital
constraints (say due to collateral requirements). Specifically, suppose that an
investor with wealth w can short sell fw /p units of an asset of price p (the baseline
model corresponds to 6 = 0). Consider a setting with N = 2 banks each with two
assets with value 1 = 0 and 25 > 0, 7 = 0 and a continuum of investors.

Suppose both banks bundle and denote by p” the price of the corresponding
security. An investor drawing z; from one bundle and z, from another bundle

prefers to buy rather than short selling if

T2

B
< .
Pr=17%

As we show in the Appendix, bundling can be sustained in equilibrium when W

is sufficiently large, and the required lower bound on wealth is defined by

3—46 To

8 T 146

(14)

In equation (14), the Lh.s. is the payoff from bundling and the r.h.s. is the payoff
from deviation. An interesting observation is that both payoffs decrease with 6,
but the payoff from deviation decreases more. This implies that W3 decreases in 6
for # < 1. Hence, bundling is more likely to occur when 6 > 0 than when no short
selling is allowed.

A corollary is that short selling creates the possibility of cursed bundling, which
was not possible with N = 2 and # = 0. The payoff from bundling is lower than
what banks would get by jointly deciding not to bundle whenever

3—140

TW < Z9.
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That is, when W < Ws(1 + 6). We then have the following.??

Proposition 14 Suppose that N = 2 and short selling is allowed.
i) Bundling is an equilibrium iff W > Wi.
it) Cursed Bundling occurs for W € (W5, W3(1 + 0)).

6.2 Varying the Sophistication of Investors

A natural way in which one could modify the above setting is by letting investors
make several draws as opposed to one to assess the value of bundles. Clearly, if
an investor makes a very large number of draws, in the limit he has the correct
evaluation of bundles, and if all investors do that, there is no point for banks in
bundling. But suppose that each investor has a fixed number of signals M he can
draw, and M is strictly lower than the total number of assets in the economy.
Assume that investors observe the size of the bundle and that they can sample
several assets from the same bundle.?? Suppose draws are made randomly across
all assets with no replacement and that if an investor does not draw any asset
from bundle o’ the investor does not buy o’ at any price.

We consider the simplest such setting with J =2, 21 =0 and 252 > 0, 7 =0
and K — oo. If N = M = 1, it is immediate to see that both the payoffs from
bundling and those from selling separately are unchanged relative to our main
analysis. In an oligopolistic setting with N = M = 2, we can show that relative
to the baseline model bundling is now more likely to occur. In the relevant range
of wealth, bundling is more profitable since the fraction of investors who do not
buy (those with only bad draws) is lower and at the same time deviations are less

profitable as they attract lower wealth. This is shown in the next proposition.
Proposition 15 Suppose that N = M = 2. Bundling is an equilibrium for all W.

Another way in which our investors could be more sophisticated even if re-

lying on small samples is in being aware that their assessments of the bundles

22Tt can also be shown, as in the previous section, that if bundling is an equilibrium then no
bundling is not an equilibrium.

231f investors were not observing the size of each bundle and each bundle were only sampled
once (as in our baseline model), the logic of our main analysis would hold just replacing W with
MW/N.
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are imperfect, thereby leading them to apply some discount in their evaluations.
Observe however that investors in our setting are not required to know the size of
each bundle so in that sense they perceive all bundles as alike. If the discount is
applied uniformly to all bundles, no qualitative property in our analysis would be
affected.

One could instead enrich the model and allow investors to know the size of
each bundle and apply a larger discount to larger bundles (since their evaluations
tend to be less precise there). In the Appendix, we develop an example along
these lines. We assume that banks have two assets and an investor who samples
z; from a bundle with two assets has valuation z; — J, where § is the discount
for complexity (evaluations of single assets remain unchanged). We show that,
provided that ¢ is not too large (essentially, § < xo — x1) our previous results are
not affected. The thresholds on W defined in our main analysis are determined
by wealth constraints and so they are insensitive to (small) changes in investors’
evaluations.

Finally, one may consider a setting with investors who are heterogeneous in
their sophistication. Consider the variant in which a share  of investors is rational
(they can be thought of as making infinitely many draws) and a share 1 — 3 makes
only one draw to evaluate each bundle as in the baseline model. In the context
of Proposition 10 when 7 = 0, we would have cursed bundling exactly under the
same conditions if the share (3 is small enough. Rational investors would still
find it optimal to buy the bundle as its price is below the fundamental.?* In the
context of Proposition 12 when 7 = 1, rational investors would stay out of the
market given that prices are above the fundamental and the condition for partially
cursed bundling would have to be replaced by (1 — S)W € (Ws, 2Ws).

6.3 Risk Aversion

Our main analysis assumes that investors are risk neutral so as to abstract from
risk sharing considerations that could motivate bundling. Allowing for risk aver-
sion in our baseline model may actually reinforce the incentives for bundling, as

we now explain. Suppose our basic assets are loans with face value equal to 1 and

24The share /3 has to be small enough to make the deviation of selling the assets separately
undesirable.
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probability of default equal to 1 —z;. Suppose defaults are (perceived as) indepen-
dent across loans. Suppose also that investors observe the size of each bundle.?
If two assets with respective values x5 and x; are offered separately, the investor
perceives an expected value of xo + x1 and a variance of z1 (1 — z1) + 23 (1 — z3).
If the assets are bundled, an investor drawing o believes that the bundle has
expected value 2xy and variance 2xs (1 — z3). If the investor buys (xs + x1)/272
units of the bundle, he perceives the same expected value x5+ 21, but a variance of
(1 — 23) (zo + 1)” /222, which is lower than 21 (1 — x1) 4+ x5 (1 — x3) . If investors
dislike payoffs with larger variance, the bank has an extra incentive to bundle as-
sets x1 and x5. Bundling may lead investors not only to overestimate the expected

value but also to underestimate the variance of returns.

6.4 Tranching

An additional motive for bundling assets is to create different tranches which are
then sold to investors with different risk appetites. In our setting, tranching can
be profitable even if investors are risk neutral. Tranching may be a way to exploit
belief heterogeneity and, relative to selling pass-through securities, it may allow
the bank to extract a larger share of wealth.

To see this most simply, consider a bank (N = 1) with two assets with 0 <
x1 < x9. The bank can offer a pass-through security or slice the bundle into a
junior and a senior tranche. The senior tranche pays 1 if at least one loan is
repaid, the junior tranche pays 1 if both loans are repaid. Assume K — o0,
investors are risk neutral and they observe the size of each bundle. Investors who
sample z; value the senior tranche as s; = 1 — (1 — 1)? = 2z, — 22 and the junior
tranche as j; = #2. Similarly, investors who sample z, value the senior tranche as
Sy = 2x9 — x3, and the junior tranche as j, = 3.

We provide some intuition about how the equilibrium works and refer to the
Appendix for more details. Suppose the monopolist sells the two tranches and
denote its payoff as 77. At low levels of wealth, everyone buys both tranches
and the payoff is W, which coincides with the payoff from offering a pass-through

security 7% when W < 2x;. When W is large, those sampling z, drive the prices

25This is not needed as the argument would hold irrespective of the size of the bundle, but it
simplifies the exposition.
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so high that investors sampling x; prefer not to buy any tranche. In particular,

as shown in the Appendix, this occurs when W > 2W,, where

S1,.
W4 = —(]g + Sg).
52
In that case, we have again 77 = 7. Tranching is however strictly preferred

to the pass-through security for intermediate levels of wealth, for which investors
sampling x5 buy both tranches while those sampling 21 only buy the senior tranche.
Tranching is profitable to the bank as it allows to price discriminate between those
having optimistic views and those having pessimistic views about the bundle. This

is shown in the next proposition.26

Proposition 16 We have 77 > 78 for all W and 77 > 7P for W € (2x,,2Wy).

6.5 Stochastic Wealth

An interesting aspect of our analysis is that creating complex securities may some-
times result in overpricing when the economy is wealthy enough and sometimes in
underpricing when there is not enough money.

Of course, in a static setting with deterministic wealth as the one considered
above, banks would not create complex securities if it resulted in underpricing.
But, if there were shocks on the aggregate wealth, then one may well have that
in the face of uncertainty banks opt for bundling and when a negative shock on
aggregate wealth happens, assets get underpriced.

This is illustrated through the following simple example. Consider the monopoly
case with two assets having respective values 0 < z; < x9, 7 = 0, and K — oo.
Aggregate wealth W can take value W with probability 1/3 and W with proba-
bility 2/3, where W € (x1 + 29,47,), W € (429, +00) and 3z, > xs.

If the two assets are sold separately, the bank gets the fundamental values
1 + 9 irrespective of the realization of W since W > x1 4+ 5. Assume now that

the bank sells the complex securities. When W = W realizes, its payoff is 2z,

26Tt should be noted though that Wy < (21 + 23), so that the monopolist stills prefer selling
its assets separately rather than as a bundles with two tranches when W < 2(z1 + z2). Hence,
in this example, allowing the monopolist to sell assets in tranches does not strictly improve its
payoffs. We suspect it could be otherwise in more elaborate situations.
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the price is determined by the pessimists. When W = W realizes, the payoff is
219, the price is determined by the optimists. The expected payoff of the bank is
%xl + %mg, which is bigger than the payoff obtained without bundling. Thus, the
bank optimally chooses to create complex securities, and as compared with the
fundamental, there is overpricing when W = W and underpricing when W = W.

Extending our framework so as to incorporate the dynamics of wealth across

investors is in our view an interesting avenue for future research.
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7 Appendix

7.1 Omitted Proofs

Proof of Proposition 1

Denote with o« = {a,.}, with r = 1,2,..., R an arbitrary partition of the
J assets. We denote with z” a generic element of bundle «, and with y =
(', 2% .., 2) a generic vector in which one asset of bundle «; is associated with
one asset from each of the bundles as, as,..,ar. We denote with Y the set of

all possible vectors y. The payoff from selling assets with partition « is 7(a) =
> yey M) min(W, mo(y)), where n(a H|a > and T0(y) = D 4rey I 2" No-

tice that by definition ., n(a) =1 and 50 m(a) < W. Notice also that m(«) <
>_jej ¥ since by definition » _ _y n(a)mo(y) = >, j ;. Hence, m(«) cannot strictly

exceed the payoff from selling assets separately, as defined in (4).

Proof of Proposition 4

The condition on w; ensures that whatever the bundling, the price of « is
the maximum of the draws of the various investors. If a and X are separate,
the issuer gets |o| E[max; Xi(a)] + X. If & and X are bundled then the issuer
gets (|a| + 1) E[max; Xp(aU J X)]. Note that |a| E[max; Xi(a)] + X is the same
as (Ja] +1 )E[)?( )] where X (a) = maxk[‘a'i%)zk(a) + @X] where + denotes
here the classic addition. When a and X are bundled, Xj(a U X) is the lottery

|a\+1 o \+1X’f< a)+ |a\+1X
Since for any three independent random variables, Yl, Yl’ , Y, such that Y’ is a mean

Xp(a)® al =t X. Thus, it is a mean preserving spread of

preserving spread of Y}, we have that E[max (Y7, Ys)] > E[max(Y;,Ys)] (this can
be verified noting that y; — E,,[max(yi,y2)] is a convex function of y;), we can
conclude that (|a| 4+ 1)E[max; Xx(a U X)] > |o| E[max; Xi(a)] + X and thus full

bundling is optimal.

Proof of Proposition 5
The payoff from offering the full bundle { X7, X5, X3} is

min(3z3, W/3) for W > 9z,
min(3xzy, 2W/3) for W € [925/2,92,/2)
min(3z;, W)  for W < 9x,/2
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Suppose instead the bank offers the bundle { X7, X5} and {X3} as separate asset.
We show that the payoff for the bank is

min(W, 2z, + x3) for 2zy < 23 (15)
min(

W/2,2x5) + min(W/2,23) for 2z > xs.

In these computations we never consider the possibility that the price of the bundle
is driven by its lowest evaluation, since in that case it is clear that bundling cannot
strictly dominate full separation. Consider first a candidate equilibrium in which
investors who sample x5 from the (z2, 1) bundle are indifferent between trading
the single asset x3 and the bundle. That requires 2xs/ps = 3/ps, where po is the
price of the bundle and p3 is the price of the asset x3. In addition, we need that
P2 + p3 < W, so aggregate wealth is enough to buy prices p, and p3. The above
conditions give py < 2Waxso/(x3 + 225) and ps < Was/(z3 + 2x2). In addition,
we need that ps < WW/2,s0 those investors who have valuation x5 for the (zs,x;)
bundle can indeed drive the price to py. Suppose zﬁ”—;@ < % that is 225 < x3. Then
we must have py = 2Wxy /(234 21x9), and p3 = Was /(234 21x5).So the payoff of the
bank is min(W, 2z5 + x3) when 2xs < x3. Suppose 2xy > r3. Then we must have
pa = W/2, and p3 = 23W/4x5. That cannot be in equilibrium since investors who
sample x; still have money and would like to drive the price p3 up. So if 2z5 > x3
investors are indifferent only if py = 225 and p3 = x3. That requires W > 4x,. If
W < 4x5, then we must have py < 2m2§3’—i. If W € (2x3,4x2), we have py = % and
p3 = x3. If W < 2x3, we have p, = p3 = %

Consider the other possible partitions. Since 2x3 > x; for j = 1,2, the payoff
follows the second case on the payoff in (15). Hence, for each j = 1,2, keeping
X; and offering the bundle {X;, X3} where x; # x; gives payoff min(W/2, 2z3) +
min(W/2, z;). Comparing the various payoffs, one can see that when W' < 2(z; +
Z2), no bundling can strictly dominate full separation. For W > 2(x; + x3), the
bundling {X;, X>} and {X3} is optimal until x5 + 2zy = x5 + W/2, that is for
W € [2z1 + 2x9, 225 + 222), the bundling {X;, X3} and {X,} is optimal until
3xg + xo = W/3. For W/3 > 3z3 + x9, the full bundle is optimal. Notice also
that the bundling {X5, X3} and {X;} is dominated by {X;, X3} and {X,} for
W > 2(zy + z2).
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Proof of Proposition 6

For J < 3, see Proposition 5. Suppose J > 3 and 7 = 0. If W > max(2(zy +
1), Y_; ;) full separation gives ) _; x;. Suppose the bank bundles assets { Xi, X»}
and sells the other assets separately. Consider first a candidate equilibrium in
which investors who sample x5 from the bundle are indifferent between trading the
single asset x; and the bundle. That requires 2z5/p, = z;/p; for all j > 2, where
Do is the price of the bundle and p; is the price of the asset z;. In addition, we need
that po+ > j>2D; < W, so aggregate wealth is enough to buy prices p; and p;. The
above conditions give py < 22oW/(3 ., 7 +2x9), and p; < 2;W/ (30, 5 +272).
In addition, we need that p, < W/2 so those investors who have valuation xs

for the (z2,21) bundle can indeed drive the price to ps. Since 2z < 37, ,;

for J > 3, we have % < % and so py = min(QxQ,%W) and
p; = min(z;, mW) for j > 2.So the payoff of the bank is min(W, 2z +

> j>o ;) which exceeds > x;. Suppose W < max(2(ze + 21),>_;2;). f W <
-x;, then no bundling strictly dominates full separation due to Proposition 2.

> T g y p D

Ifw e (Z] xj,2(x9 + x1)], we must have Zj xj < 2(x2+ 1), that contradicts the

requirement J > 3.

Proof of Proposition 7
The payoff from the single bundle is 7' = min(2(x1 + x2)z, =22-W). The

 x1tx2
payoff from the two identical bundles is 7? = min(2(x1 + x2)z, (1 — (F15)*)W).
Notice that 72 > 7! since 1 — (=X2-)? > 1 — (X)) = X2
X1tX2 X1+X2 X1+X2

Proof of Proposition 8

B are as defined in (7) for

We first show that payoffs in case of deviation 7~
N > 3 and as min((3)Y"'W, z,) for N < 3. Consider first a candidate equilibrium
in which investors who sample x5 from at least one (x5, ;) bundle are indifferent

between trading the single asset x5 and any of those bundles. That requires

p” =2p, (16)

where p? is the price of the bundle and p’ is the price of the asset z,. In addition,

we need that
(N =1)p" +p" <W, (17)
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so aggregate wealth is enough to buy all bundles at prices p? and p’. Conditions
(16) and (17) give p’ < W/(2N —1), and p® < 2W/(2N —1). In addition, we need
that

(N = 1pP < (1 - ()" W, (15)
so those investors who have valuation z, for at least one of the (x2,27) bundles
can indeed drive the price to p?. Notice that for N < 3, condition (18) is violated
when condition (17) binds so we must have p? < min(2zs, v (1 — (3)¥H)W).
This implies that in order to meet condition (16) we need p’ < min(z,, ﬁ(l -
(3)¥"1)W). Suppose that W < 2(N — 1)z,/(1 — (5)V'),and so

2

eIl (19)

P <
Notice that at any price satisfying condition (19) investors perceive gains from
trade from the x5 asset (p/ < x3) and they still have some wealth to buy it. That
is not possible in equilibrium. It follows that when N < 3 condition (16) can only
be satisfied if p? = 2z, and p/ = x5, that is when W > 2(N — 1)z,/(1 — (3)V ).
For N > 4, instead we can sustain condition (16) for p? = 2W/(2N — 1) and

, w
p= IN 1 (20)
Consider then a candidate equilibrium in which p? > 2p’.That implies that no
investors would be willing to buy the bundle, which contradicts p? > 2p’. Hence,
it is not possible to have p® > 2p’. Finally, consider a candidate equilibrium in
which pP < 2p7, so that the only potential buyers of the deviating bank are those
investors who sample z; from all bundles. That would give p¥ = min (22, 15 (1—

(3)""HW), and

2

P’ = min(z,, (%)N_1W). (21)

This is consistent with p? < 2p’ only if N < 3. Collecting the expressions (20)
and (21) and noticing that (3)V~! > 1/(2N —1) iff N < 3 we have 77 as defined
in (7). To see that bundling is an equilibrium for all W when N > 3, notice that

LA— 3N > oL for N >2and L(1— (1Y) > (DN for N =3,
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Proof of Proposition 9

U are as defined in (9). In-

We first show that payoffs in case of deviation 7~
vestors who sample 5 from the (x5, x1) bundle are indifferent between the bundle

and one of the x4 assets if
p2 = 2p1, (22)

where p, is the price of the bundle and p; is the price of the single x5 asset.
Together with condition (N — 1)p; + ps = W, we have

2

= —W 23
N +1 (23)

P2
Notice that p, < 2p; cannot be sustained in equilibrium since that would give p, =

min(2z,, %W),and p1 = min(zy, 71 L_W), which is not consistent with p, < 2p;

N-1)
for N > 3. Notice also that if py > 2p;, no investor would be willing to buy the
bundle thereby contradicting ps > 2p;. To show the proposition, notice that we
have 7 > 7~ since 77— < « for all N and 7Y > 7% since (1 - (3)V) < 25

IN_1 N N+1
for all NV .

Proof of Lemma 1
Define A = 78 — 778 — (77U — 7Y). We show that A < 0 for all W. We
show this for N > 4 (the case N < 3 follows the same logic with slightly different

algebra.) From (6) and (7) and given 2N — 1 < ﬁ, we have
N 2
(1= )W — 57=W  for W < (2N — 1)z,
7TB — 7773 = %( — (%)N)W — T2 fOI' w c [(QN — 1)1’2, %)
2o
i) for W Z m
From (9) and (8), we have
=W =% for W < Nz,
7V =l =0 ZW -1y for W €[Nz, (N + 1)s)
T2 for W > (N + 1)x,.
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Notice N < (N +1) < (2N —-1) < m, so we have
(LA - BNW — 55 W - (5 - %) for W < Nz,
%(1 - (%)N>W - 2Nl W — (NLHW - 132) for W e [Nl‘g, (N + 1)$2)
A = %(1 ( YW — S 1W—£E2 for W e [(N+ 1)za, (2N — 1)z3)
(1= )W — 2z, for W € [(2N — 1), %)
2z
\ To — Xy for W > %(1——(25)1”

It is immediate to see that the expression in the first row is negative for N > 1. In
the second row, it is enough to show that the expression is negative at W = Nx,.

That writes as (1 — (5)") N2 — sy No2 — (755

N > 1. In the third row, it is enough to show that the expression is negative at
W = (2N — 1)z,. That writes as (1 — (3)V)(2N — 1)y — 55—= (2N — 1)z2 — 24,
that is negative for N > 1. The fourth row is the same as in the case N < 4.

Hence, 78 — 778 — (#7Y — 7Y) < 0 for all W.

Nxo — x5), that is negative for

Proof of Proposition 11
Step 1. We show that full bundling is an equilibrium for W > W, when
N > 3. To see this, we first show that if bank j deviates and withdraws one x

asset and offers the bundle (24, 21) its payoff is 7= = x1 + min(n; ¥, 225), where
1,2 2 1,2
-F N-1 N-1
= max(= (2)N1W, 1— (5w,

In my ¥, the first term corresponds to the case in which the only potential buyers
of the deviating bank are those investors who sample x5 from the deviating bank
and x; from all the other bundles and the second term corresponds to the case in
which investors who sample x5 from the (x9,21) bundle and z, from at least one
(22,1, 1) bundle are indifferent between trading any of those bundles. Following

—-B

the same logic used to derive 7" in Proposition 8, one can easily show that the

first term applies for N < 3 and the second term for N > 3. To see when full
S (1= 3N < (1 - ()Y) for al
N. Notice also that $(2)N! < £(1— (3)V) for N = 3.

Step 2. We show that full bundling is dominated by partial bundling, that
is 7 < wf, when W < 2W,. The payoff 7" is increasing linearly in W up to

bundling is an equilibrium, notice that
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WE = 3Nzy(1 — (3)V)7!, and it is equal to 3z, afterwards. The payoff =" is
increasing linearly in W up to W = 2Naxy(1 — (%

afterwards. Since ¥ = 7 = 0 at W = 0, W > WP, and % < % for
W < WP, it follows that 7! < 7 when W < 2W,.
Step 3. We show that if full bundling is an equilibrium then partial bundling

)M)7L and it is equal to 2z,

is not an equilibrium. We first show that if all banks offer the bundle (x5, z1) and

bank j deviates by offering (24, 21, 71) its payoff is 77 = min(3z,, 7, "), where
1 3 2.1
—P N-1
= max(= W, 1— 2(5)NHw). 24
my = max(W, 5 (1= 20 ) (24)

As in 7wy ¥, the first term corresponds to the case in which investors who sample
x9 from a (x9,z1) bundle and x5 from the (3, x1,2;) bundle prefer buying the
latter while the second term corresponds to the case in which these investors are
indifferent between the two. To see that if full bundling is an equilibrium then
partial bundling is not an equilibrium, notice that 2]\?“ (1-23)"1H > +(1-(3))
for all N. Notice that 3 > +(1 — (3)") for N = 3. Hence, we have 7~ > «” for

N 2
all W when N > 3.

Proof of Proposition 13

To see that bundling is an equilibrium for W > 8z5/3 when N = 2, notice
that the payoffs in case of deviations are as defined in the proof of Proposition
8 and that (1 — (3)) < (3)V ! for N = 2. Hence, we have 7% > 78 iff
(1= ()M)W > x5, that is W > 81,/3.

Proof of Proposition 14
Point i). Suppose all banks bundle. Consider an investor drawing z; from
first bundle and x5 from the second bundle. When the price p of each asset in

each bundle is p, buying is preferred to short selling if

)
1+6°

p < (25)

Suppose that is the case, the price of each asset in each bundle is given by g% =

2+ %%“’, in which the demand for the bundle comes from investors who have

sampled x5 from at least one bundle (equally shared among the two banks). That
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gives

P=15 " (26)

Conditions (25) and (26) give W < 16x5/(1 + 0)(3 — 0).Collecting (25) and (26)
we have that the payoff of each bank is 2p = min(32W, 222) for W < 16z/(1 +

" 146
0)(3 — 0). Suppose now condition (25) is violated. The price of each asset in each
bundle is given by %% =2+ %%’”, in which the demand for the bundle comes

from investors who have sampled x5 from all bundles (equally shared among the
two banks). That gives p = (1 — 36)WW/16, and so the payoff of each bank is
2p = min(122W, 225) for W > 1625/(1 + 6)(1 — 36). That defines 77 as

0

b — 8 "1t 1+6)(1—36) (27)

min(222W, 22,)  for W= 1B

{min(uW 222y for WS( 1622
1+0)(1—-30) °

Suppose one bank deviates. If the price of the single asset x, is p, an investor
drawing z; from the bundle prefers buying the single asset x, rather then short
selling the bundle if condition (25) holds. In that case, both the bundle and the
single asset attract half of the aggregate wealth. The payoff of the deviating bank

is min($W, ;). If condition (25) is violated, an investor drawing x; from the

2777 1+6
bundle prefers short selling the bundle rather than buying the single asset x,.
Only those who sample x5 from the bundle are willing to buy the single asset 5.
If p; is the price of the single asset x5 and py is the price of each asset in the

bundle, we need
P1 = P2 (28)

Denote with A the fraction of investors who draw z, from the bundle and buy
the bundle. For the bundle, we have )\% =2+ %. For the single asset, we
have (1 — \)W = 2p;. Together with (28), these conditions give A = (2 + 6)/3,
and so p; = po = W(1 — 0)/6. As we need p > x2/(1 + 0), we need W >
6z2/((1 — 60)(1+6)). Hence, the payoff of the deviating bank is min(2W, z,) for

W > 622/((1 — 0)(1+ 60)). That defines 77 as

' 1460 9)(1+9) (29)

min(30W, 25) for W > 52z

sa (1 T 6z
o _ { min(;W, i) for W < )
(1—6)(1+0) "
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Finally, notice that 7% > 7=% when W > W%, where %We = 15 In fact, the
only intersection between 7% and 7% is at W?.

Point ii). We need to show that if bundling is an equilibrium then no bundling
is not an equilibrium. Suppose no bank bundles and one bank deviates and offers
the bundle. Its payoff are defined in the proof defining 7= (since we only have 2

banks) and they write as

2" 119 = (1=0)(1+0)

min(8W, 22,) for W > (16‘#

v { min(W, 22)  for W < 0%
T =
—0)(14+0) *

We have 77V > U for W > 2z,. Since 2z < 8x3/(3 — 0)(1 + 6),which is the
minimal wealth required to have bundling in equilibrium, we have that if bundling

is an equilibrium then no bundling is not an equilibrium.

Proof of Proposition 15

Suppose N = M = 2. As there are 4 assets and 2 signals to be drawn, there are
6 possible realizations of the draws, each with equal probability. Suppose all banks
bundle. A fraction 1/6 of investors sample two signals from the first bundle, 1/6 of
investors sample two signals from the second bundle and the remaining investors
sample one signal from each bundle. Hence, for each bundle, 1/3 of investors
have valuation 2x5, 1/6 of investors have valuation z; + x9, 1/3 of investors have
valuation 2z and 1/6 of investors have no valuation (and do not buy that bundle).

Each bundle can be sold at price 2z, when the fraction of investors who draw
x9 from at least one bundle (that is, half of the investors) have enough wealth.
That requires W/2 > 4xy. When W/2 < 2(z; + x2), investors with valuation
x1 + x5 start buying and so each bundle attracts a fraction 5/12 of wealth. The
payoff for each bank is

B min(}iI/V, 2x9) for W > 4z,
T =
? min(SW, ) for W < 4x,.

Suppose bank j deviates and sell the assets separately, denote its payoff as 7 B It
can be easily shown that in equilibrium investors who sample x5 from the bundle
and a single asset xo always prefer to buy the bundle. Hence, bank j attracts

only those investors who sample x5 from j and do not sample x5 from the bundle
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(that is, 1/3 of investors). We have m, ® = min(WW/3, z3). The result follows from

noticing that 7% > 7, ? for all W.

Proof of Proposition 16
We first show that the payoff from tranching writes as

T { min(%Y, 2(z1 + 22)) for W > 2W,. (30)

min(W, Wy) for W < 2W,.

To see this, notice first that investor drawing signal x, for z = {1,2} prefers to
buy the junior tranche as opposed to the senior tranche iff p,/p; > s./j..Notice
also that sa/jo < s1/j1,8ince o1 < 5. This implies that in equilibrium it must be
that
b2 (31)
P J2
Suppose by contradiction that p,/p; < s2/j2. Then everyone would strictly prefer
buying the senior tranche and no one would buy the junior tranche, which cannot

happen in equilibrium. Suppose instead

s %2, (32)
p;i  J2

Those who sample x5 only buy the junior tranche while those who sample x;
must buy the senior tranche. Notice first that we must have W/2 < j,, or those
who sample 25 would still have money left and they would be willing to buy the
senior tranche given p; < s; < s5. Suppose W/2 < s;. Then those who sample x;
only buy the senior tranche and p; = W/2. We would have p, = p; = W/2 and
would contradict (32) since sy > jo. Suppose W/2 > sy, which is consistent with
W/2 < js only if 51 < ja. We would have p;, = s; and p; = W/2, which contradicts
(32) since s > jo and W/2 > s;. Hence, it cannot be that those who sample x5
only buy either the junior tranche or the senior tranche.

Hence, for W > 2W,, only those who sample x5 buy both tranches, in which
case 71 = min('Y,2(z1 + z2)). If W < 2W,, investors sampling z; are attracted
in the market and they only buy the senior tranche. Investors sampling zo buy
both tranches and we have p, = s; and p; = %51 due to (31). That gives ! =

s1(1+ g—z) = Wy. That occurs until W > Wy. If W < Wy, we have 77 = W. The
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payoft from offering the bundle writes as

B _ min(y, 2(z1 4+ 22)) for W > 4ay.
min(W, 2z4) for W < 4x;.

Hence, given (30) and noticing that W, > 2z;, we have 77 > 78 for all W and
7l > 78 for W € (221, 2Wy).

7.2 Additional Results

7.2.1 Keeping Assets

We revisit some results in the monopolistic setting in the case of 7 = 1.

Proposition 17 Suppose K — oo and J = 3. If T =1, then

a; = { X1, Xo, X3} for W > 6x3 + 31,
ap = Xo, ay ={X1, X3} for W € [2x3+ 229,625 + 322)
ap = X3, ag ={X1,Xo} for W € [2x1 4 229,213 + 229)
ap = { X1, Xo, X3} for W < 21 + 2xs.

Proof. The payoff from offering the full bundle {X;, X3, X3} is unchanged
relative to 7 = 0. For each j = 1,2, 3, keeping X; and offering the bundle {X;, X}, }

where x;, > x; gives payoff

xj + 2z, for W > 4z,

z;+W/2 for W €[4z, 4xp)
xj+ 2z, for W e [2x;,4x)
z; +W  for W < 2.

Comparing the various payoffs, one can see that keeping all assets (which gives
> x;) dominates any other bundle when z; + W/2 < > z; for all j, that is when
W < 2(x1+x2). Keeping asset X3 is optimal until x3 4 225 = xo+ W/2, that is for
W € [221+ 219, 223+ 222), then keeping asset X5 is optimal until 3234 2o = W/3.
For W/3 > 3x3 + x5, the full bundle is optimal. Notice also that keeping asset X,
is dominated by keeping X5 for W > 2(x; + x5). ®
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Proposition 18 Suppose K — oo and J > 1 and 7 = 1. Some bundling strictly
dominates keeping all assets if and only if W > 2(xq + x7).

Proof. Suppose J > 3 and 7 = 1. If W > 2(z3 + x;) and the bank bundles
assets { X1, Xo} and keeps the other assets, its payoff is min(W/2,222)+ 3.,
which exceeds the payoff from keeping all assets ) s W < 2(xe + 1) any

a:j,

bundle with 2 assets is sold at most at price /2, which is below x; 4z, for each
J,j!. Any bundle with 3 assets « is profitable only if 2WW/3 exceeds >, z; that
requires at least W > 3(z1 + x2 + 23)/2 and that contradicts W < 2(xq + x1). For
any bundle ¢ with more than 3 assets W < >, x; so that cannot be profitable.
[ |

7.2.2 Discount for Complexity

Consider the effect of discounting for complexity. There are N banks each with
two assets with value ;1 = 0 and 2o > 0, 7 = 0 and a continuum of investors.
Suppose investors observe the size of the bundle and when investors sample x5
from the bundle, their valuation is 2z5 — ¢, ¢ is the discount for complexity.

If 0 > x5, there is no incentive to bundle, since a single asset with value xg
would be perceived as more valuable than a bundle containing one x5 asset. If
0 < xo, instead, it is immediate to derive that the incentives to bundle for a

monopolist do not depend on §. Consider now an oligopolistic setting. We have:

Proposition 19 There exists a 6 such that if 6 < 5 then Propositions 8§ and 10
hold. The threshold & increases in N and 6 — x5 for N — oc.

Proof. Suppose all banks bundle and one bank deviates. Following the same

D

logic as in Proposition 8, we can write its payoff as 7= = min(xs, 7 b ), where

2N — 1)as - (N —1)6

1
ol = max((i)N_IW, Ww).

Notice that for N = 3, 7y ” = W/4iff 26 < h. For N > 3, my” = gy W-

Hence, for N = 3 and 20 < h, then bundling is an equilibrium for all W since
11— (3)PYW > % When my” = 2,W/((2N — 1)z — (N — 1)), bundling is an

48



equilibrium for all W if

T 1 1
2N — 1)9322— oo < F1- @O,

which defines the upper bound 5. If6>4 , bundling is an equilibrium for W > Wj.
Notice that for N = 3, § < B implies 20 < h. Hence, for N > 2, bundling is an
equilibrium for W > W; when § > 5 and it is an equilibrium for all W when § < 5.
To show the equivalence with Proposition 10, we need to show that if bundling

is an equilibrium then no bundling is not an equilibrium. Suppose all banks
offer the assets separately and bank j deviates by offering the bundle (xg,z1).
U _

Following the same logic as in Proposition 8, we can write its payoff as 77 =

min(2xy — 6,7, Y), where

_ 1 (225 — 9)

U

= =W, W). 33
To =G N D (33)
Notice that for N Z 3, 7T0_U = %W and % > % So for

N > 3 not bundling is never an equilibrium provided that x5 > 6. =
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