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Abstract
We present a standard model of financial innovationwhich intermediaries engineer
securities with cash flows that investors seek,rhadify two assumptions. First, investors
(and possibly intermediaries) neglect certain wahikrisks. Second, investors demand
securities with safe cash flows. Financial intedrages cater to these preferences and beliefs
by engineering securities perceived to be safeelpbsed to neglected risks. Because the
risks are neglected, security issuance is excessiginvestors eventually recognize these
risks, they fly back to safety of traditional sates and markets become fragile, even

without leverage, precisely because the volumesof daims is excessive.
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l. Introduction.

Many recent episodes of financial innovation shereommon narrative. It begins
with a strong demand from investors for a particutdten safe, pattern of cash flows. Some
traditional securities available in the market otfas pattern, but investors demand more (so
prices are high). In response to demand, finanot@rmediaries create new securities
offering the sought after pattern of cash flowsyally by carving them out of existing
projects or other securities that are more riskgy virtue of diversification, tranching,
insurance, and other forms of financial engineerthg new securities are believed by the
investors, and often by the intermediaries theneselto be good substitutes for the
traditional ones, and are consequently issued andHi in great volumes. At some point,
news reveals that the new securities are vulnetaldeme unattended risks, and in particular
are not good substitutes for the traditional sei@si Both investors and intermediaries are
surprised by the news, and investors sell theskséfaubstitutes,” moving back to the
traditional securities with the cash flows theykseéAs investors fly for safety, financial
institutions are stuck holding the supply of thevrsecurities (or worse yet, having to dump
them as well in a fire sale because they are Igeeba The prices of traditional securities
rise while those of the new ones fall sharply.

A notorious recent example of this narrative isus#ization of mortgages during the
last decade. Various macroeconomic events, inofudharp reductions in government debt
during the Clinton administration and massive demnéor safe US assets by foreigners,
created a “shortage” of safe fixed income secwiti®By pooling and tranching mortgages
and other loans, financial institutions engineefediA-rated mortgage backed securities
(MBS), as substitutes for US government bonds. féreeption that these securities were
safe, apparently shared by both buyers and intaeamesl who engineered them, was justified

by historically low default rates on mortgages hie JS and by more or less continuously



growing home prices since World War II. Trillion$ dollars of mortgage and other asset
backed securities were created and sold to inv@stor

Both the holders of these securities and finanntakrmediaries appeared to be caught
by surprise in the summer of 2007, when the neasAlA\A-rated securities are not safe hit
the market. It is not that investors failed tolimathat there was a housing bubble, or that
home prices could decline and mortgages could defavet two things came as rather
substantial surprises. The first was how fast h@rees declined, and defaults grew.
Gerardi et al. (2008) show that few if any Wall €gtr professionals expected the housing
bubble to deflate so rapidly. The second surpnias the sensitivity of the prices of AAA-
rated securities engineered from mortgages, edpediollateralized Debt Obligations
(CDOQ'’s), to home prices, a phenomenon largely ooked by the models utilized by rating
agencies (Jarrow et al. 2007, Coval et al. 20@®) these securities were downgraded, prices
fell and new issuance stopped. The losses from M@8ad through the financial system,
precipitating the market collapse in September 2008

This recent episode is far from unique in recentfld8ncial history. In the 1980s,
investment banks began selling Collateralized Maggg Obligations (CMOSs), securities
created out of mortgage portfolios and intendesutastitute for government bonds. To avoid
a possible risk to the value of CMOs resulting frorartgage prepayments by homeowners
(which would occur if interest rates fell and peopéfinanced their homes) and consequent
prepayments on the high-yielding bonds, interméesarengineered CMOs nearly
invulnerable to prepayment risk if historical patte continued. In the early 1990s, however,
as the Federal Reserve sharply cut interest raiepayments skyrocketed to levels
unprecedented by historical standards, so evenghes of CMO’s most protected against
prepayment risk declined sharply. The investorsewsmaught by surprise and dumped the

CMOs, turning back to government bonds (Carroll apabpen 1994). Financial



intermediaries were evidently caught by surprisevall, and many (particularly those who
sold prepayment insurance) suffered substantiaeks Like the collapse of the housing
bubble in 2007-2009, extreme prepayments appdaave been unanticipated by the market.

A similar narrative describes what happened to manarket funds in 2008. The
industry was originally created to offer investarsubstitute for bank deposits, with slightly
higher returns, instant liquidity, and no risk. cBase investment in money market funds was
not protected by deposit insurance, however, thesds were engineered never to “break the
buck” — have their value per share drop below $b. slightly raise returns, prime money
market funds invested in generally safe non-govemtnsecurities, such as commercial
paper. The collapse of Lehman Brothers in Septenohe2008 led to its default on
commercial paper, which caused one large holdénaifpaper, the Reserve Fund, to “break
the buck” (Kacperczyk and Schnabl 2010). This ewhocked investors and precipitated
hundreds of billions of dollars in withdrawals nost from the Reserve Fund, but from the
whole prime money market fund sector, and a retorrtraditional bank deposits and
government securities only funds (Pozsar et al020Dnly government guarantees of prime
money market funds saved the industry.

In this paper, we present a model that capturesed@y elements of this narrative.
The model shares with the traditional accountsir@ricial innovation, such as Ross (1976)
and Allen and Gale (1994), the view that innovatisndriven by investor demand for
particular cash flow patterns. This demand allowwsrmediaries to profitably engineer these
patterns out of other cash flows. We add two agp$ioms to this standard story.

First, we assume that both investors and finanat@rmediaries do not attend to
certain improbable risks when trading the new dgear This assumption captures what we
take to be the central feature of the historica@ges we described: the neglect of potentially

huge defaults in the housing bubble and of theitehs of AAA-rated securities to these



defaults, the neglect of the possibility of massprepayments in the early 1990s, or the
neglect of the possibility that a money market fuzah break the buck. We model the
neglect of certain states of the world using tleaidf local thinking, introduced by Gennaioli
and Shleifer (2010), which is a formalization ok thotion that not all contingencies are
represented in the decision maker’s thought procé&bee complete neglect of some states of
the world in models used to assess the risks of €3 good example (Jarrow et al. 2007).

Second, we make the preferred habitat assumptanirtkiestors have a very strong
preference for safe cash flow patterns. We moldisl assumption through preferences,
namely infinite risk aversion, but it can reflestyphological or institutional characteristics of
demand. An alternative way to model such demarmghtiie to consider investors who have
lexicographic preferences with respect to particakaracteristics of investments (e.g., AAA
ratings). Yet another approach might be to stmeggilatory requirements imposed on
investors such as banks and insurance companiefatioa safe assets. This assumption on
demand is not strictly necessary for our results, hakes them much stronderWe have
obtained similar results in a model with finitekrsversion and Epstein-Zin preferences.

We then examine a standard model modified by tihseassumptions, and obtain
three main results. First, as in the standard indidlere is room for financial innovation to
offer investors cash flow streams that are notlalks from traditional securities in sufficient
supply. However, when some risks are neglecteslirgees are over-issued relative to what
would be possible under rational expectations. rEason is that neglected risks need not be
laid off on intermediaries or other parties whemuofacturing new securities. Investors thus
end up bearing risk without recognizing that thes@ing so.

Second, markets in new securities are fragile. malspiece of news that brings to

investors’ minds the previously unattended riskiloes them by surprise, causes them to

! The demand for riskless debt can also come fraemptieference for information-insensitive claims (@n
and Pennacchi 1990, Demarzo and Duffie 1999).



drastically revise their valuations of new secastiand to sell them in the market. The
problem occurs precisely because new securities bagn over-issued: there are not enough
cash flows in the neglected states of the worlthttke promised payments in full. When
investors realize that the new securities are éfalsostitutes” for the traditional ones, they fly
to safety, dumping these securities on the marebaying the truly safe orfes

Third, in equilibrium financial intermediaries bupack many of the new securities.
But their wealth might be much smaller than thaineestors as a whole, which limits their
ability to absorb the huge supply of the new sei@sri(see point 1). As a consequence, the
prices of these false substitutes fall sharplynewvghout traditional fire sales due to leverage
(Shleifer and Vishny 1992). Prices of traditiosaturities rise as investors fly to safety.

The model thus delivers the basic patterns of firninnovation and financial
fragility in a new way. The most important contriion is to connect financial innovation,
the glut of new securities, surprise about risk] enrresponding financial fragility through a
unified model of belief formation. We show thatrendel in the spirit of Allen and Gale
(1994), even modified by a preferred habitat foratioh of preferences but without neglect
of certain risks, can deliver some aspects of theative, but not over-issuance and the
fragility it entails. Without a deviation from rahal expectations, one cannot get the basic
idea of false substitutes: securities investoretelto be riskless turn out to be risky.

Our model of financial innovation is related to thehavioral finance idea of security
issuance catering to investor demand as in Bakdr \Wargler (2002) and Greenwood,
Hanson, and Stein (2020) Henderson and Pearson (2009) study equity damvaroducts
called SPARQS, which they argue are introducedaotalize on investor misunderstanding

of equity payoff patterns. Shleifer and Vishny 10D apply the idea of catering to the

2 Caballero and Krishnamurthy (2008) alternativelpdel the flight to safety as a response to Knightia
uncertainty. Our model accounts for investor mpim and flight to safety in the same frameworkinRart
and Rogoff (2009) present a historical perspediivéhe neglect of low probability risks in financmarkets.

3 Also related is the idea that consumers ignoreesattnibutes of products they buy (Gabaix and Lait2006).
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financial crisis, but simply assume optimism as #tienulus for security issuance, and
pessimism as the shock precipitating a crisis. eHee present a unified model of belief
formation that accounts for the whole story.

Our paper is also related to an important thentheniterature on financial fragility,
namely that both banks and the shadow bankingmaysteate “private money” or liquidity
that investors demand (Gorton and Metrick 2010inS2810). Such creation of liquidity is
usually seen as socially valuable, but entailingteayic risks due to leverage and resulting
asset fire sales (Shleifer and Vishny 2010, Stéh02 While we recognize the benefits of
financial innovation, we take a more skeptical viawout the social value of liquidity
creation when investors neglect certain risks. siish a system, security issuance can be
excessive and lead to fragility and welfare lossegn in the absence of leverage. In this
respect, our paper is closer to Rajan’s (2006)gmat analysis of the risks of financial
innovation, although we emphasize neglect of uhlilevents leading to over-issuance of
securities rather than incentive problems as aceoofrinstability.

In the next section, we present a benchmark rdtiexgectations model of financial
innovation in a pure exchange economy. Section 8ifleg this model to allow for local
thinking, and derives our main results on finanaialovation and fragility. In Section 4, we
study a production economy, in which innovation emidcal thinking can lead to investment
distortions. In Section 5, we discuss welfare irthbthe exchange and the production
economies. In the exchange economy, innovation rundeal thinking may benefit
intermediaries and harm investors; in a produckeonomy, because innovation distorts
investment, it can leave everyone worse off. 8ac examines the case of fully rational
intermediaries dealing with locally-thinking invess. Section 7 discusses some implications

of our work for the recent financial crisis. Allgnfs are collected in the Appendix.



2. TheMode
There are three datés- 0, 1, 2 and two asseB,andA, which pay off at = 2. The
assets stand for cash flows from projects. ABsgaysR > 1 for sure. AsseA paysy; with

probabilityz; wherei = g (for growth),d (for downturn)r (for recession). We assume:
Al yg> 1 >yy >y, and g > ng > m.

Growth is the most likely outcome and the downtigrmore likely than a recession.

There is a representative intermediary, who isepatand risk neutral. At= 0, the
intermediary owns both assets and sells claim$ein teturns. These “traditional” claims are
a riskless bond oB that yieldsR att = 2, and risky shares i, which yieldy; att =2. There
is a measure 1 of investors, each endowed withtiveghnd maximizes utility:

U = E[Cp + C1 + 8'min(Cyg , Ca4, Car)], (1)
whereC; is consumption at= 0,1 andC, denotes consumption in statatt = 2. Investors
are infinitely risk averse with respect tg Rut, sinced > 1, wish to postpone consumption to
t = 2. To do so, investors must buy claimsfoandB. Investors can however freely transfer
resources fromh= 0 tot = 1 without purchasing claims, s& 0 andt = 1 should be viewed as
being close together. Formally, the initial endowtgerishes right after= 1. Our results
only become stronger if resources cannot be tremesféromt = O tot = 1.

These preferences conveniently pin down the gaom trade in assets. Because of
their greater desire to postpone consumptire (1), investors seek to buy assets from
intermediaries. Because they are infinitely riskerae, investors want to buy riskless bonds.
With only traditional claims, however, some ben@fictrades do not occur. Financial
innovation improves trading opportunities by spigtup the cash flows of asskt

At t = 0, financial claims o andB are traded and consumption-savings decisions
are made. Competition in financial markets pins ddie pricepa of a share ilA and the

price pg of a bond issued oB. Att = 1, after portfolios are formed and consumptias h



taken place at = 0, agents observe a noisy sigrsﬁl]{gé} of payoffy, where§>§. After
observings, agents can reassess their portfolio and conséineé.= 2 asset payoffs are
realized and distributed to the holders of therigial claims, and consumption takes place.
The signal is characterized by 8nf;) = 1 —y, Pr(§ ys) =9, and Pr§| ;) =p, wherep > >y
>1/2. Thatis,s reduces the probability of growth and is a strorsggnal of a recession than

of a downturn. The latter feature is capturecgpbpyd and plays a central role in our analysis.
Our results are starkest when the signal is mildfigrmative, i.ep ~ 1/2. .
The timing of the financial markets is graphicakypresented in Figure 1:

t=0 t=1 t=2

financial claims are signals is observed, financial asset returns are realized
traded, pricepg and claims re-traded and new and distributed to claimants
pa are set pricespg; andpa; are set.

Figurel

2.1 Rational Expectations Equilibrium with Traditional Claims
In choosing how many bondsand shares to buy att = 0 (and thus implicitly the
initial and future consumption levelg C; C,), each investor solvés:

max w-p,a— pgbh+68(Rb+y, a)
. )

st. w-p,a-pgh=0
The infinitely risk averse investor cares abouttime 2 consumption only in the worst state,
a recession. In contrast,tat 0 the intermediary supplidsbonds and shares to maximize:

max Mn=p,a+pb+RAL-b)+Eyl-a). (3)

Whenb (or a) are negative, intermediaries are buying bondarést). This possibility never

arises in equilibrium, but it uniquely pins downuédprium prices. To find these prices,

* As it will soon be clear, in our model under radbexpectations there is no re-trading atl, so the agent’s
portfolio problem can be formulated as one wheset@sare held to maturity untit 2.



consider agents’ reservation values for differesdess. From program (2), the investor’'s
reservation prices are equaldR for bonds andly; for shares. Due to infinite risk aversion,
shares are valued at their lowest payoff. Whentheprice of one or both securities is lower
than the respective reservation price, the investges all of his wealth (setting € C; = 0)
and purchases securities, starting with the onle ti lowest price to reservation value ratio.
Program (3) implies that the intermediary’s reseoraprices are equal f for bonds
and Ef) for shares. The intermediary then sells all sdea whose price is above the

reservation value and keeps the remaining onesasseme for simplicity that:

A2 E(yl9 > 0'ya andw > w=max[d(R + y),(R + ya)]-

The first part of A.2 ensures that, even after obegra low signal sthe intermediaries value
shares substantially more than investors. This esphat there is no trade in shares either at
t =0 or att = 1, and that the portfolios formedtat O will not be rebalanced after observing
s. The second part of A.2 ensures that investaeswaalthy enough to absorb the total
supply of bonds even at their reservation prge= 6-R [formally, A.2 implies that

w/(61R) >1]. We can show that under A.2 the equilibriunt at0 is described by:

Lemma 1. Under rational expectations and a traditionalnslatructure, the financial markets
equilibrium att = 0 is characterized kyy= 0,b = 1,pa = EY, ps = ¢'R.

In this equilibrium, displayed in Figure 2, investabsorb all bonds, their price is
maximal, and shares do not trage € Ey assures there are no trades among intermediaries).

Ps A
supply

0-R

Figure2 profits

v

1 WI(0-R) b 10



Intermediaries’ supply of bonds is initially flat pg = R but becomes vertical after all
available bonds are sold. Investors’ demand igaitytflat at pg = R but begins to slope
down after all of their wealth is used to buifR bonds, sgg must drop belowR for them

to absorb a larger supply. A.2 directly impliestthizere is a “shortage” of a safe store of
value; this shortage keepg atdR, allowing intermediaries to earn a unit profit-(L)-R from
bond sales. Investors’ payofftat 0 isU, = w, intermediaries’ payoff i§l = -R + Ey.

After a signals is observed at = 1, nothing happens to portfolios and consumption
Investors keep the bonds purchased =at0, the price of which stays constantpat= 6-R.
Share prices fluctuate with the expected returassetA sinceEy is affected by the signal
but no trading in shares takes place. In this dgquilm, it is irrelevant how consumers and

intermediaries divide thetr= 0 income betweengand G.

2.2 Rational Expectations Equilibrium with Financial Innovation

We view financial innovation as the repackagingrigrmediaries of the payoff ol
SO as to relax the “shortage” of bonds. The inteliarg carves out of the risky asset a new
claim having the same cash flow pattern as a sskl®ond, namely promising to rep@yn
all states of the world. The amount of these nisklass claims the intermediary can issue is
limited by the lowest possible retugn of A, since the maximum aggregate repayment the
intermediary can pledge in all states of natureeurtbe new claims is precisely. As a
consequence, the volurhef the new riskless claims issued in this way nsasisfy:

f<f® =y /R. 4

If f>y/R, the new claim is risky because in a recessiogrnmédiaries cannot pay out the
promised returmR to all claim-holders. If <y,/R, the new claim is riskless: even in the worst
state, intermediaries can repRyto all claimants. Unlike the bond, which is necesg

riskless because it pledgBs riskless return, the new claim is paid out afsky return, and
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is therefore riskless only if issued in a sufficlgriow volume. We thus model financial
innovation as the creation of substitute securitm@®icking exactly the cash flows of bonds
that are demanded by investors but are in shogplguft is optimal for intermediaries to
introduce a safe claim because infinitely risk-aeenvestors do not value the upside of risky
claims. This innovation can also be interpretetsasing riskless debt against the cash flow
of risky asset A. After having issuéaew claims, the residual risky retwn-fR from A is
pledged to the shareholders.

Considemow the marketequilibrium. Denote thé=0 price of the new claim bgy.
The new claim must fetch the same price as a boadpf = ps), since the two securities
have identical cash flows. Financial innovation &tsahe supply of bonds by the amount

yi/R. The new equilibrium in the market for riskle¢aims is shown in Figure 3.

Ps 4
0-R

new supply

R : ' demand

v
o

1 1+y, /R wi/(6-R)
Figure3
Under A.2, the boost in the supply of risklessrokaitriggered by financial innovation

reduces but does not eliminate this shortage, lseed¥R >1+y, /R. It is therefore still the

case that the price of safe claims is equal tostore’ reservation price, namegby = pg =
6-R. The wealth of investors is sufficiently high to alds all new claims at that price. Share
prices are now equal = Ey —y, because the volume of innovation is maximal anthso
risky asset’'s lowest payout is pledged to the hsldd¢ the new claim. In the equilibrium

depicted in Figure 3, the intermediary’s profitrfrannovation is equal to:
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fREx(@-DR=y, (6-1). (5)
The intermediary’s profit rises when is higher, since more securities can be issued, and
when investors’ time preferenéas stronger, since the price of the new securiidsgher.
To summarize the analysis thus far, under A.2 itmential markets equilibrium at=

0 under rational expectations and financial innimvais described by:

Lemma 2: Under rational expectations, equilibrium tat 0 with financial innovation is

characterized bg = 0,b=1 +y; /R, pa=Ey—-V;, pn=ps =R

At t = 1, financial innovation does not affect the teacof markets to the signal
Regardless of the signal, the price of risklessrdadoes not change and neither do portfolios
or consumption. Onlpa fluctuates with the expected return Anin this equilibrium, it does
not matter whether consumption takes placde=a0 ort = 1. As we will see, neither of these
facts remains true with local thinking.

Finally, consider the welfare consequences of iation. With innovation, the total
payoff of investors as df= 0 stays al, = w while the intermediary’s payoff becomHg,, =
6-R + (0 — 1y, + Ey, which is the no-innovation profii plus the profits from innovation.
Social welfare at = 0 is thus higher with innovation, just as ineXlland Gale (1994). The
social benefit of financial innovation here corsisff relaxing the aggregate shortage of
riskless bonds. This benefit in our model accrudseady to the intermediaries because, in the
market equilibrium, investors purchase risklesgnsaat their reservation price.

Our model builds on the idea that a key featurdirafncial innovation is to allow
intermediaries to cater to investors’ demand fatipalar claims, namely riskless bonds. The
initial excess demand for such bonds gives interanes the incentive to manufacture an
identical riskless security out of a risky cashaldNith infinitely risk-averse investors, the
model literally describes securitizations expandihg supply of AAA securities.  With
rational expectations, financial innovation alloggins from trade to be realized, and is
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strictly beneficial. Although this effect of finaral innovation shows up in the case of local

thinking as well, in that world it can also leadetxcessive innovation and financial fragility.

3. Financial Innovation under Local Thinking

We consider departures from rational expectatioms t agents’ limited ability to
represent uncertainty. To do so, we follow Genmaald Shleifer's (2010) model of local
thinking. This model, which provides a unified exphtion of several “anomalies” in
judgments but admits Bayesian rationality as aigpease, builds on the notion that agents’
inferences are made on the basis @kekctedsubset of possible events rather than on the
entire state space. Intuitively, not all stateshef world come to mind; the agent does not
think of everything when imagining the futdreCrucially, the selection of events from the
state space is shaped by their true underlying glmtibes: more likely events are ceteris
paribus easier to retrieve from memory than lekslyi ones. This feature allows one to
consider howhistorical frequencies and news combine to creatgggment biases,
particularly news that change the agent’s represents.

We model local thinking by assuming that an agestschot think of all three possible
stated =g, d, r of the risky asset’s payoff but only the two midlstly ones. The agent then
conditions his inferences about the payoffAadn the two states that come to mind, ignoring
the remaining state. To see how this works, consadecal thinker's representation of the
future att = 0. Since by assumptiofy > 74 > 7, the states that come to mind grandd, so
the agent assesses () = Pr/gl Yo, Yo) = mg/(mg + 7g) and Pr(ya) = Pryal Vg, Yo) = 7ol (mg +
mg), Where superscript. stands for “local.” Att = 0, the local thinker exaggerates the

probabilities of growth and downturn and neglehtspossibility of a recession.

® Other models of unforeseen contingencies, survdyedekel, Lipman, and Rustichini (1998) are less
tractable and focus on studying how the awarenkbgiog unaware of some states affects choiceerdttan
on how the set of contingencies that comes to nsimehdogenously determined and updated.
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After sis observed dt= 1, the agent’s assessments are revised. Whascto mind
at this point depends on the “true” posterior ptoltges 7;(s) = Pr{;|s) fori =g, d, r. Since
the prior probability of growth is fairly high ande focus on scarcely informative signals
(formally p = 1/2), yq is still the most likely outcome afteris observed. This implies that

stateg is always included in the agent’s representat@onsider now the probability ranking
of a downturn and a recession. |If the signal iscgcészé), this ranking does not change as

7rd(§) > m(%). Observing a good signal after a history of eeoiostability confirms the
initial representations encoded in assumption A.1.
A bad signak = sin contrast is generally informative of lower gttwbut especially

about a recession, as formally captured by thengsan thatp > 3. In this case, so long as:

A3:p>ﬁ55%%,

"
we have thai () > n4(S), namely a recession becomes more likely than r@ me@wnturn. If
the prior probabilitiesy andz; are not far apart, A.3 is easily met and we hemtiefassume
that it is. This implies that after= s the representation of uncertainty changes drdistithe
agent now neglects the possibility of a mere downhy including state at the expense of
into his representation and thus forms his assegsmenditional oryy andy;.

By formalizing the change in agents’ representatidocal thinking allows us to
identify two general, distinct, effects of bad newihe first and most fundamental effect is to
prompt the agent to consider the possibility ofegession. Initially, after a period of
economic stability, limited representations lead #gent to neglect this unlikely risk. After
observing a piece of bad news (such as a bankdilthe initially unattended-to possibility
of a recession comes to the agent’s mind. The skeetiact of news it that they may induce
over-reaction. With limited representations, as pbssibility of a recession comes to mind,

other, more favourable, states are crowded ougehis’ attention. This crowding out leads
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to over-weighting of the probability of recessiovhich may (but need not) induce a switch
from the initial optimism to pessimisfn.

Although over-reaction leads to stronger effedig, tnain results of our model rely
merely on the neglect of the possibility of a retes att = 0. In fact, as we formally show in
Proposition 2, the “false substitute” effect ariga®n if the agent’s assessment at1 is

rational, much as if agents were to learn the digibution of states after observiag

3.1 Local Thinking Equilibrium and Innovationatt=0

We solve the model by assuming that investors atetmediaries are local thinkers
holding the same beliefs. In Section 6 we congidional expectations intermediaries.

If the intermediary does not innovate, the equilibr att = O is very similar to the
rational expectations case in Lemma 1, exceptttieashare price is now equalgg= E'y =
E(| Y =Yg Ya), Which is the value for assAts cash flow expected by a local thinker. When
the intermediary innovates, then given agents’aggntations at = 0, the change from the
rational expectations case is substantial. Whea ista neglected, the number of new riskless

claims that the intermediary can potentially issuequal to:
ft=vy,/R. (6)
Since att = 0 agents do not pay attention to the possibditya recession, riskless

claims can be issued until all cash flow in a downturn is pledged to investors. The

®After observings a local thinker estimates an average payoff olyEY:.S), which is lower than the rational
agent’s estimate when ¥;y..s) < Ya. If E(Ylyg¥.9) = Ya the local and rational thinker's assessments are
identical (the local thinker is optimistic othera)s Thus, the switch from optimism to pessimisnsesiwhen
the recession is very bad, iyg.is low. Pessimism may also arise in our modehé probability of growth is
sufficiently low that afters statey, is disregarded. None of our main results changgeuthese alternative
specifications. We have chosen the structure ofidrder to highlight the fact that the basic nstdkm of our
model does not require pessimism and may ariseiétemlocal thinker's = 1assessments are fully rational.
" More generally, although local thinking providemadel of probability distortions and over-reactitie mere
distortion of probabilities and updating is notfguént for our results. For example, we would get them in a
model of under- and over-reaction along the line8arberis et al. (1998). The key cognitive problenr
agents suffer from is the neglect of the possibtlitaty, might happen. This assumption interacts with itdin
risk aversion to cause assets to be priced badgdoarthe worst case scenario that agents conteendait
even if risk aversion is finite, the neglect of Ipayoff states plays an important role by creativgpossibility
that security issuance is excessive relative t@attadlable cash flows.
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potential volume of financial innovation with loc#inking is higher than with rational

expectations (formall§- > f R

sinceyy > Y;) because cash flows in a downturn rather than a
recession can now be pledged to create a “sulestitat a riskless bond. If investors are
sufficiently wealthy, the price of riskless claimtays afpy = ps = ¢'R and the extra profit

from innovation obtained by the intermediary is &do:

f'x(@-)R=y,(6-1), (7)
which is higher than the profit in Equation (5) endational expectations. The reason for
higher profits is the greater volume of innovatitininstead investors’ wealth is not so high,
innovation can boost the supply of the risklesgtl® the point thapg andpy fall belowdR,

so the equilibrium lies in the downward portionimfestors’ demand curve as in Figure 4.

P 4
new supply
0-R ;
R : demand
1 1+yq/R b

Figure4
Herepg may be so low that an intermediary’s profit fronmaovation falls below the level in
Equation (7f If the price drops t@s = px = R, intermediaries may be willing to supply
fewer claims tharf ". A.2 simplifies the analysis by ruling out thissea In fact,w>w

implies that, wheri " is issued, the equilibrium prigg = py = WR/(R +yg) is aboveR.

8 Under rational expectations this case could notioby virtue of assumption A.2 which implies tiratestors’
wealth is sufficiently large that they can absBftnew claims at their reservation vat:&
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Proposition 1 Under local thinking, the volume of innovationfis = y, / R. We also have at
t=0 thatb=1+f ", a=0, andpa=E(y| Vg, Yd) —Ya. We have two cases: 1)W<w<8(R+Yy,),

thenpy =ps =WR/(R+yg) <6R; 2) If w=28(R+Y,), thenpy =ps =60R.

When investors’ wealtiw is high relative to the supply of riskless clairdemand for
new claims is high, and so g The reverse is true when investors’ wealth is telative to
the amount of riskless claims issued. In this cse,boost in the supply of riskless assets
triggered by innovation can reduce the price okafe assets, including the traditional bond,
below the no-innovation level. Note that that unideal thinking the volume of new claims
issued is higher (and the pripg lower) than under rational expectations. Thisoidecause
locally-thinking intermediaries and investors seeetA as having a smaller downside risk
than do their rational expectations counterpaitgs €ncourages the supply of the new claim,
which investors see as a riskless bond. The issuahat” created by local thinking has far-
reaching implications for financial fragility.

As we show next, the intermediary’s wealth at1 also plays a key role in affecting
fragility. To highlight this role, we allow the ftéion ¢ of income carried by intermediaries to
t = 1 to be anywhere in [0,1]. In this modelis indeterminate, for the intermediary is

indifferent between consuming the income obtaingddiling claims at = 0 or att = 1.

3.2 Local Thinking Equilibrium and Innovationatt=1

We just saw that local thinking boosts the volunienaovation relative to rational
expectations. This profoundly alters the reactibmarkets to the signad att = 1. These
effects do not play out if the signal is good. this case, representations do not change and

the effect of news under local thinking is very gamto that under rational expectations. The
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price for riskless claims is unaffected by newsdose after observiné the new claim is

still perceived to be riskless, while share prigss topa (§) =EWlY =Yy Ya. §) - VY4

When the signal is bad, matters are very diffetemtause now downside risk is
represented as a recession with a paypffather than as a downturn with a paygif
Investors now realize that the new claims are rsdass! This is so because the volume of
new securities issued i$= yy /R so the total repayment promised to investorsjisetoyg,
which exceeds the resources available in a reqedsi@ recession, intermediaries can repay

to each holder of the new claim an amount equal to:

Y R<R. @)
Ya

The large volumé " of new securities issued under local thinking playcritical role
here. It is becaust" is large that in a recession the new securitieoie risky in the
aggregate. The arrival sf= s reveals to investors that, contrary to their alibelief, the new
claim is very different from the safe bond it soughreplicate, and drastically reduces their
valuation of that claim. This is true even if thews is not very informative and investors
realize that a recession is still quite unlikelye (iz; is small), so that most of the times the
new claim will in fact repay the promised amo@tThe possibility of a recession destroys
the very idea that made the new claim appealinguestors at = 0, namely that it was just
like a riskless bond. The new claims are not tuigsstutes for the traditional claims; they
are false substitutes, severely affecting finanuiaikets at = 1°

To see this, note that after seegigvestors’ reservation price for the traditionahi
is equal to¥-R while that for the new claim drops @fy:/yq)R, the present value of the latter
claim’s payout ira recession. In contrast, the intermediary’s redeyu price for traditional

bonds is equal t& and that for the new claim is equal to:

°® The new claim pays less than the traditional bomg, no matter what thé = 1 signal is, but investors
recognize this at= 1 if and only if the signal is, svhich is why markets are fragile only in thattsta
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@ R where o =|(y, /y,)Pr(y,|9)+Pr(y,|s). 9)
Risk neutral intermediaries value the new clainthatr perceived expected repayment. Here

w" <1 reflects the drop in the new claim’s expected piy®ur analysis is general but our

results are best appreciated in the case whesdarely informative about repayment even

for a local thinker, namely" = (once again, this requiresto be small).

These reservation prices lead to two important masiens. First, after seeing
investors value the new claim less than the borehting a force toward the segmentation of
the previously unified market for safe claims. Set,anvestors’ reservation price for the new
claim may fall below intermediaries’ reservatioricpr [this occurs whed(y:/ys) < »"]. In
this case, investors wish to sell the new claimsklia intermediaries, who — depending on
their wealthc — may or may not have the money to buy them.

To see how prices are settat 1, we focus on the case where the price of dafms
att = 0 is belowd-R and where investors’ valuation of the new claint at1 falls below

intermediaries’ valuation, namely whef(y//yq) < o".

This captures a scenario where
innovation: a) is so extensive as to affect thedoomarket att = O and b) induces a
misallocation of the new claim &t 1. The latter condition is crucial for it is preely when
innovation transfers a claim to the low valuatioarket participant that a “false substitute”
effect arises. Proposition 2 deals with the otiases also.

One immediate consequence of our previous disaussithat after observing the
price of traditional bondsises from its initial levelps = WR /(R +yy) < ‘R to investors’
reservation level, namely; = -R. This rise is connected to the drop in investoeduation
of the new securities. Afteealizingthat the new claim is risky, investors try to seih the
market to increase current consumption and to @seihe truly riskless bonds. This boost in

the demand for bonds encounters a limited supphychvcauses bond prices to rise. At the

same time, the price of the new claim must droptte maximal valuatiom"R of that claim
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in the market is lower than its= O price. As a consequence, once investors etlat the
new securities are false substitutes for the okespthere is a “flight to safety” causing bond
prices to rise and the price of the new claim tb fa

The extent of the new claim’s price drop cruciallgpends on the wealth of the
intermediaries. Suppose that the intermediariesy didle or no wealth td = 1, so that they
do not have the resources to buy all of the newngdaeven when the latter are priced at

investors’ valuatiod-(y;/yq)-R. Figure 5 depicts the resulting equilibriunt atl.:

4 bond marketatt=1

pe1 = 0'R
market for riskless

Pe = WR/(R+Yy) : \_ Claimsatt=0

o R

P = 0-(yrlya) ‘R . market for; new claimsat t = 1

v

';L 1 1:+fL b
Figure5
In equilibrium, the new claim’s price drops to ist@s’ valuationd-(y./ys)'R even though
intermediaries are willing to buy it at a higherger The problem is that intermediaries have
little wealth and thus can absorb only some newndaThis low demand by intermediaries
(the downward sloping curve in the bottom part igiuiFe 5) leads to a major price drop.
Intuitively, as the wealths of intermediaries increases, their demand alsesyis
potentially driving the equilibrium price of the weclaim aboved-(y:/yqg)-R. In the extreme
case ofs = 1, intermediaries carry all of thai= 0 income ta = 1 and thus have enough
funds to buy all of the new claims at timitial equilibrium pricepg (after all, they obtained

these resources by selling the new claims at0). But then intermediaries canfortiori

afford to buy all of the new claims at their resgion pricew" [R, which is below the initial
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price pg. Wheno = 1, the equilibrium price must thus settlepat = «" [R to make
intermediaries willing to absorb precisely the amioaf new claims held by investors.

This discussion allows us to decompose the drofnennew claim’s price into two
parts. The first is the difference between thaahfriceps = WR /(R +yq) and intermediaries’
reservation pricav" [R. This price drop represents the elimination of premium paid for
the new claim over and above its expected paydfivestors initially paid this premium
because they wrongly believed the new claim to balsstitute for the riskless bond in short
supply. The second part is the drop frash[R to 8-(y:/yg)-R. Even if the new claim is only
mildly risky, it is not what investors wanted (givéheir infinite risk aversion). Thus, they
dump it on the market. Since intermediaries camtsbrb this claim in large volumes given
their limited wealth, its equilibrium price settles investors’ reservation price, which is
below the expected payoff. Here over-issuanceearkates fragility by boosting the supply
of new claims that must be held by disgruntled stees (shifting out the upward sloping
supply in the bottom part of Figure 5).

These broad patterns of market segmentation aaddial fragility, as well as the role

of intermediaries’ wealth, extend to other parametastellations.

Proposition 2 After newss, the traditional bond trades p§ = 'R, the price of the new

claim drops topn: < pn. there are two cases:

1. If 0" <80y, /y,) thenpy: = 6-(y:/ys)-R and new claims are not traded.
2. If " >60y,!y,) thenpn =p,,(0) , where p,,(g) is an increasing function
with p(0) =8(y, / y4)R, p@) =w" [R. When g> 0 some new claims are re-

traded. For a givew , the price drops—pna): 1) decreases (weakly) ya and ii)

increases (weakly) iy if and only ifys< y’ for some thresholg; .
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It is a general feature of the model that the bpnce at t=1 is equal to its maximum
possible valué-R. Bond prices thus rise &1 when their initial pricgg is belowé-R, as in
case 1) of Proposition 1. The price of the newntlalways falls below its = 0 level. If
A(yilyg) >w", this price drops to investors’ reservation leaetl no re-trading occurs. In this
case, the intermediaries’ wealth does not mattealrse they are the low valuation market
participants. In the most interesting case witéygys) <", intermediaries wish to buy back
some new claims, thus helping to support their eprielowever, if their wealths is
insufficient, they are unable to do so, creatingrge price drop®”*! Given the key role of
intermediaries’ wealth in shaping price fluctuagpm sections 4 and 6 we pin dowrby
introducing production and rational intermediari@spectively.

Proposition 2 shows how, for a given parametery, andyy determine financial
fragility, viewed as the drop in the new claim’scps afters is observed. A milder recession
(a highery;) reduces fragility by rendering the new claim legsky, which raises the
reservation prices of investors and intermediaaies= 1. By boosting the supply of new
claims att = 0, a milder downturn (a highgg) exerts two opposite effects on fragility. On
the one hand, the higher supplyt a0 reduces the price of new claimg atl by increasing
the quantity that intermediaries must absorb ancebylering these claims more risky. These
effects enhance fragility. On the other hand, highgply of new claims at= 0 reduces

their equilibrium price at = 0, which dampens fragility. In this way, finaakcinnovation

19We have implicitly assumed that there is no inioveatt=1 after sis observed. In practice, investors (rather
than intermediaries) may repackage new claims,ikgepe safe portionyf/yq)R for themselves and selling off
the risky portion to intermediaries. Such re-tranghmight improve risk allocation in the economyt Ewvould
only marginally attenuate financial fragility wheimtermediaries’ wealth is low. Indeed, low-wealth
intermediaries would be able to pay very little floe risky portion of new claims, keeping theircgriow.

™ One could consider innovations that, rather theplicating the bond’s cash flow, supply Arrow-Debre
securities. If intermediaries supply two such siies; one paying 1 dollar if the stateyjs the other if the state
is noty, (i.e. if the economy slows-down), investors coudghlicate the safe asset by purchasing an equal
amount of them. This form of innovation also leadsover-issuance: all of the cash flow available in a
downturn is sold under the security paying outhie slowdown as local thinking investors and intediziges
identify such slowdown with cash floyy, noty,. As the economy’s slowdown is revised downwardy,to
however, this security cannot be repaid in full @sdprice drops. The only difference with our @nt setup is
that Arrow-Debreu claims automatically allow invast to implement the outcome attained under rehiage
by selling the securities that pay out/juntil the investor’s portfolio pays the same ihfature states.
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creates an inverted-U shaped relationship betweagilify and agents’ optimism (as
measured byg). When agents are very optimistic, the supply efvnassets expands,
reducing these assets’ prices today as well agrtbe decline aftes is observed.

Having explored the fragility of the new claim, wean to the impact of innovation
and the neglect of risks on aggregate financiaketar We measure financial activity by the

market valugpg-b + pn f + pa-a of all claims, which depends on whether or noowation
occurs and on market participants’ information. Mt~ denote the market value obtained
under innovation and local thinking (as denotedthxy superscript,L). Index z captures
market participants’ information, and takes a vailmle{o,g, §}, where z = 0 denotes the
information att = 0,z = s the information at = 1 after a bad signal is realized, avdl s the
information att = 1 after a good signal. L&t" denote the market value of claims prevailing
under no innovation with informatian LetV,**andV® denote the corresponding values

under rational expectations. Focusing for simpfion the case where= 0 we show:

Corollary 1 If 8(y/yg) <", innovation boosts market volatility under lodainking but not

under rational expectations. Formally, we have tM'L —VZ"L‘zy\/OL -V| while

I,RE _\/!,RE| — N/RE _\/RE —e o
’VO V, ‘—’VO V,=| forz=sg,s.

The combinationof local thinking and financial innovation ampé§ the market’s
response to news. Without innovation, market flatans are entirely due to changes in the
price of claims that everyone understands are rithkg magnitude of such fluctuations
depends on whether agents are rational or not).nVéRpectations are rational, this remains
true under innovation as well, since the risky rolatill bears all of the fundamental risk.
Matters are very different under local thinking.o $ee this, consider Figure 6, which is

drawn forw > O(R+yy) [i.e. Case 2) of Proposition 1]:
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—— |nnovation

= = No Innovation

R /

Figure 6

As the upper branches in the figure show, in gooeg (i.e., at = 0 and in staté)
financial innovation allows intermediaries to exgdmancial assets by manufacturing new,
apparently safe claims that risk averse investaa®ager to buy. When bad news arrives and
the neglected risk becomes manifest, this innouagiatails extreme fragility. Although the
revelation of neglected risks also causes the maokérop in the absence of innovation, the
price drop is much larger with innovation because neglected risk has now been loaded
more heavily onto investors through their holdimjshew, supposedly safe, claims. Since
investors are inefficient risk bearers and interiaeels have limited wealth, the market
collapses. In sum, when some risks are negledtedncial innovation enhances the
volatility of financial markets. This is again digethe “false substitutes” effect, which entails

a market boom in good times and a market collafiee laad news arrives.

3.3 Innovation, Local Thinking and Financial Fragility: Discussion

Our model places the demand for new claims ahéaet of the link between financial
innovation and fragility. Investors’ initial excestemand for safe claims encourages
intermediaries to manufacture new claims out dfyrisash flows that are perceived to be

equally safe. As investors realize that the newnrdaare a false substitute for the old ones,
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their reluctance to hold on to these claims triggeisharp price drop even after marginally
bad news. These marked shifts in the demand fornthe safe claims are intimately
connected to financial innovation.

The pressure to create new safe claims is stroaggaly when investors disregard
specific risks such as a possible collapse of hpriees in light of favourable recent history.
This optimism boosts intermediaries’ ability to Ilseéw claims and thus their incentive to
innovate. The issuance glut renders the new clailmevable to the arrival of bad news that
bring to mind previously neglected risks and thes dritical fact that the new claims are not
as safe as the assets they sought to replicatauBeof their preferred habitats, investors try
to rebalance their portfolios in favour of the yrgafe traditional claims, triggering massive
sales of the new claims and price drops. Sucls sakenot driven by leverage or liquidation
demands, as in standard fire sales models, bubdyall in demand that arises as investors
realize that these new securities are false subesdifor the old ones.

The general message of our model is that when toreseglect certain risks,
financial innovation creates a false substitutgbitietween the new and traditional claims.
This false substitutability explains both the exses volume of innovation ex-ante and the
ex-post flight to quality occurring as investorsred to realize that the new claim exposes
them to previously unattended to risks. Althoulgé tmotives for financial innovation are the
same in our model as in Allen and Gale (1994),ctresequences are very different. In our
model, innovation benefits intermediaries who darge profits selling securities at 0, but
hurts investors, who are lured into an inefficigak allocation and suffer from ex-post price
drops. Investors’ losses depend on the liquiditintermediaries and their ability to provide
backstop insurance against price drops=al. As we show in Section 5, in an economy with

production both investors and intermediaries migk¢ from innovation.
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4. Innovation and Local Thinking in a Production Economy

Suppose that instead of owning assets, the intaamesl have exclusive access to
production technologies (or activitieB) and A. Activity B yields R att = 2 for any unit
invested at = 0. The return of activiti is stochastic, equal § with probabilityz;, where as
beforei =g, d, r. The riskless activity is in limited supply, inetlsense that investmentih
activity B cannot exceed 1. Investmentih activity A is in principle unbounded.

The intermediary has initial wealti,; < 1 but can raise additional funds from
investors by selling claims oh andB. The traditional claim to financB is a riskless bond
priced atpg att = 0 and yields R dt= 2; the traditional claim to finand&has a unit cogia
and yieldsy; att =2. The difference from the pure exchange econofrfyections 2 and 3 is
that now the supply of claims must be consisteti Wie intermediary’s optimal investment
decisions. For brevity, we study this productiooreamy only under local thinking, but we
later discuss the role of limited representatidmshe absence of innovation, the intermediary
chooses investment levelsdnd h, and issues volumésanda of traditional claims to solve:

max M= R(lg-b) + Ey(la—a) — lg — |a + bps + apa + Win (10)

b,a,lp,lg,iaig

s.t. s¥bpstig, (11)
ln =apa +ia, (12)
ig +ia < Wint, (13)
b<lg<1, a<la. (14)

In Equation (10), the intermediary’s payoff is efueathe output generated ByandB net of
investors’ repayment, minus investment costs, ftesrevenue from security salestat 0.
Constraints (11) and (12) say that investmenfiar B is equal to the intermediary’s own
investment in the activityi4, ig) plus the funds raised from investors. Constrli¥) says
that the intermediary’s own investments cannot eddas wealthwi,; the constraints in (14)

limit total investment and the supply of claims.
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By substituting Equations (11) and (12) into thgeobtive function (10) and in the

constraints in (14) we can rewrite the intermedgpyoblem as:

maxTl = Ri(ps— 1o+ ig] + Ey[(pa— 1o+ ia] —ia— i +Win (15)
S.t. ig +ia< Wint, (16)
—(Ps—1b<ig<l-pgb, —pPa—1a<ia. @7

The objective function (15) shows that the interragdis willing to issue a claim only if its
price is higher than 1. In this case, the reverererpted by each unit of security issued is

higher than the investment cost of creating theniged return. We assume:
A4 Oyg<landw>w =80R+y,(w, -D]/(1-60,)

The first part of A.4 says that investors’ reseisafprice for the risky claim is less than one,
which implies that in equilibriunpa < 1 and thus the risky claim is not issuad (0). The
second part of A.4 says that the investors’ wedthsufficiently high that, even with
innovation, the price of riskless claimsps= 6-R. This restriction, which is stronger than the
one in A.2, simplifies the equilibrium analysis lmatn be relaxed. Under A.4 it is immediate

to see that the equilibrium at 0 works as follows:

Lemma 3 In the absence of innovation, no risky claim &iesd & = 0) and pa < 1. The bond

is issued for an amoubt= 1 andpg = 6-R. The intermediary withdraws profits from the sale
of b from activity B by settingis = — "R — 1). If Ey > 1 the intermediary invests these
resources i\ by settingia =wip + &R — 1, andpp = 1. If ELy < 1 the intermediary setg =

0, consumesi,; + ‘R — 1 before = 2, and Ey < pa < 1.

The main features of the pure exchange equilibrairhemma 1 also obtain in the
production economy. There is a shortage of riskiessls, and their entire supply is sold to

investors at their reservation price. No risky migiare issued. The only difference from the
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pure exchange economy is that now the risky agtigibnly operated if its expected return is

higher than the cost of investment (iE-y > 1).

4.1 Innovation, Equilibrium and Reaction to News
As in Section 3, the intermediary creates new eskliclaims by pledging the lowest
possible output level generated By The maximum quantity of new claims that can be
created in this way is equal to:
P =y MR (18)
The ability to create new claims increases in tm@unt of investment in activibh. Taking

this effect into account, with innovation the imdiary solves:

max N = R(pg— 1)+ ig] + (pBELy— R)-f + ELy ia+Wint—ig—ia  (19)

b, .iais

s.t. igtia< W, (20)
f<fP=ialya/ (R—ps yo)), (21
—(Pe—1p<ig<1-—pgh, O0<ia (22)

Constraint (21) directly follows from substitutimgto (18) the definition of investment E
fps +ia, Where we have once more impoggé pn. One important implication of (21) is that
new claims can only be issued if the intermediamests some of his wealth by setting

ia > 0. This is due to assumption A.4, which impltaat yy is sufficiently small that the
intermediary must insure investors against thediate by committing some of its wealth to

the project. We also assume:
A5 0-Evy>1.

A.5 implies that, in order to maximize objectived)lat ps = &'R, the intermediary always

wants to issue the maximum possible volume of nemdbf " because the price the
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intermediary obtains for these bonds is higher tienratio between the promised return R

andA’s average retur&"y. We then have:

Proposition 3 Under A.4 and A.5, there are two possible equiiforconfigurations:

1) If E'y + (0 — 1)y4< 1, innovation does not occur and the equilibriuractieed in
Lemma 3 arises.

2) If E'y + (0 — 1)-y¢> 1, innovation occurs. The price of riskless claispg = §'R,
the intermediary setg E b = 1 andig = — (-R— 1). This allows the intermediary to $gt

Wint + 0-R— 1, and to sell the new security in volufi€ = [wiy + 0-R— 1] [ya/ R (1 —6-yg)].

Compared to Proposition 1, here a cost of finaniciabvation arises endogenously
when the physical return to capitalAnis lower than the investment cost, E&y <1. In this
case, creating new securities requires the inteianedo invest in the risky technology,
which entails a private cost. If however the umdfj (6 — 1)-yq obtained by the intermediary
from each new “riskless” claim is large enough torenthan compensate for the cost
[formally if E-y + (0 — 1)y > 1], then innovation takes place. As we shall segugh this
effect financial innovation can be a source of sta@nt inefficiencies becausetat 0 the
intermediary may decide to invest Anand sell new claims even when he would not invest
absent the possibility of financial innovation.

The second message of Proposition 3 is that winereation of new claims requires
investment, an intermediary’s desire to create nwns introduces a strong force for it to
commit all of his initial wealth and income to irstment so as to expand the volume of
innovation. As a consequence, whematl bad news arrives, the intermediary does net ha
spare wealth to buy any of the new claims back.e Tésult below formally shows the

consequences of this logic:
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Proposition 4 In the equilibrium with innovation of Propositid) after the arrival of a bad
signals = satt =1, the price of the traditional bond stays comisédpg; = ¢-R, while the price

of the new claim drops ton: = -(Yi/yg)'R and new claims are not traded at 1.

The key difference from the result obtained inpliee exchange economy is that now

the equilibrium price of the new claim drops toestors’ valuation regardless of whether the

intermediary’s reservation prices”- (R for the same claim is higher that(y,/yq)R.
Intermediaries have no spare wealth to buy backiéve claims at = 1 because they have
optimally invested the totality of theii= 0 resources to boost the volume of innovatids.a
consequence, the local thinker’'s neglect of thesipdiy of a recession leads to substantial
price drops even when intermediaries barely reactetvs. The idea that intermediaries tie
up their capital in innovation, and have no spayeidiity in a crisis, is also present in Shleifer
and Vishny (2010). In that model, intermediariesl o co-invest with outsiders to keep
some “skin in the game.” Here the mechanism isetkfiit: profit maximizing intermediaries
need to commit their capital &= 0 to provide insurance to investors, but doiagisprives
them of liquidity in a crisis.

This analysis reinforces the message of the exeamgpel with respect to the role
played by the shifting demand for new securitiesgeanerating financial fragility. The
issuance “glut” fostered by investors’ demand fekless claims creates the room for severe
price drops not only by inducing investors to reuag the claim as risky upon the arrival of
bad news, but also by reducing the liquidity oEmbediaries and thus their ability to support
the new claim’s price. The initial boost in theuasce of the new securities, and their ex-post

price decline, are just two sides of the same coin.
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5. Welfare Analysis

Section 2 showed that under rational expectatiamsn€ial innovation is socially
beneficial: it boosts intermediaries’ profits whileaving investors’ welfare unchang¥d.
With local thinking, the welfareanalysis is more complex. From the viewpoint of rage
beliefs att=0, financial innovation is beneficial, just as undstional expectations. However,
since agents’ initial beliefs are incorrect, thislfare level is illusory because it does not
account for the riskiness of new claims. Behavibacmnomists have long stressed that this
tension between reality and incorrect beliefs misgportant conceptual issues for defining a
normative welfare metric. We do not aim to resdhese issues in this section.

Instead we consider how the “false substitute” atffgeated by financial innovation
affects the average payoff realized by market @adnts, computed using the true

distribution of states (and signals) aste®. For brevity, we focus on the most interesting
case wherew" > @[y, /'y, .)We also assume that in the exchange economyetivectaim

receives its maximal priceg = 'R att = 0, which facilitates the comparison between

exchange and production, as in the latter caseaisp true thatz = 6'R.

5.1 Welfarein the Pure Exchange M odel

Without financial innovation, the average welfafeirovestors as of = 0 is trivially
equal to E(U) =w, while that of intermediaries to Bj = §-R + E(y), where U andI denote
the utility of the investor and intermediary, resipeely. To gauge the effect of financial
innovation, suppose for a moment that there issading att = 1. Then the expected welfare
of investors as df = 0 is equal to E(lsh) =w — 6-(ya — ¥r), that of intermediaries is equal to

E(iny) = R (1 +f1) + E) — (my+ ma)Yd — mYr. Relative to the no innovation case, investors

12 |n the model of Section 2 intermediaries obtam filil benefit of innovation because assumption éngures
that investors buy the new claim at their reseovafirice. If A.2 does not hold, the price of thevr&aim drops
belowd R, investors also benefit from innovation, and theation of the new claim makes everybody better off
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lose because they bear the risk of a recessionnégnediaries gain because they sell more
overpriced safe claims &t 0. Of course, the possibility of trading at t allows investors to

undo at least in part their original portfolio athdis to reduce their losses under innovation.

Lemma 4 With financial innovation, it = 0 investors losé-(yy —Y;) and intermediaries gain
0'Ya — (gt ma)ya — my, relative to the no innovation case. |If instead 1, investors lose
Pr(s)f-(ya — yi) + Pr(s)(6 — " )ys and intermediaries gain Fr{{6-yq —[zg( S )+ma(S)]ya —

m(3)yiH+ Pr(s)(0 —w")yq relative to the no innovation case.

Innovation benefits the intermediary by allowingatsell more claims while it hurts

investors by enabling them to buy a claim that @earrisky than they think. If intermediaries
do not carry wealth to= 1 then — given thats" > @[{y./y, ¥ the loss to investors is larger

than intermediaries’ gain because investors inefiity bear risk in equilibrium® If in
contrast intermediaries carry wealthtte 1 there is a net loss from innovation aftertbut
there is no “net loss” aftes: by buying back the new claims, intermediarieswalinvestors
to increase current consumption, preventing themfibearing any future risk.

This analysis illustrates that, besides creatirayket fragility, false substitutability
adds a countervailing cost to the standard “mar@mnpleting” benefit of financial
innovation. Here the cost of innovation always dugies its benefits due to investors’

infinite risk aversion, but with more moderate prehces the net effect would be ambiguous.

5.2 Welfarein the Model with Production
One key change in the production model is that lseedhe intermediary does not

carry any wealth td = 1, there is no trading at= 1. W.ith innovation, the welfare of

*This follows from the fact thatzf+ 7g)yq + 7y, > 6y, if and only if @+ 7q) + m( Yilya) > 6-(Vilyq), which
always holds ifw" > 6-(yilys) becauseryt o) +mi( Yilya) > [1o(+7a(9)] + T((yilya) > & > O-(yily).
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investors as of = 0 is equal to E(lh) =w —6-R £ [1 — /yg)], wheref “°= [win + 'R — 1]
[va / R (1 — 60yy)] is the volume of innovation occurring with pradion. Since the
intermediary invests all of its wealth A it carries no wealth tb= 1. As a consequence, in
the spirit of Lemma 4, investors los&6-R[1 — /y4)] from innovation.

Consider now the intermediary’s welfare in the pcitbn model. Now innovation

and local thinking may induce the intermediary tolertake unprofitable investments.

Proposition 5 WhenE"y +(6—1)y4>1, the intermediary innovates and two cases arise:
1) If E'y <1, the intermediary gains in the case of innioveif and only if:

EY) + {0 - [(wgtma) + m(yilya)l} ya > 1. (23)

2) If Ety> 1, the intermediary gains in the case of innovati@nd only if:

O EY) > [(zgtma) + m(yr/ya)]- (24)

In the model with production, not only investorsit lalso intermediaries might lose
from financial innovation. As Equations (23) arfl) illustrate, intermediaries may lose
from innovation when the true expected return fraotivity A is sufficiently low that
manufacturing new claims is not profitable to begith (not even by taking into account the
fact that these claims do not repay in full in eession). Formally, this means thay)afust
be sufficiently lower than 1. In this case, optimiabout the profitability of the new claim at
t = 0 encourages the intermediary to over-invesanmnunproductive activity, eventually
triggering a loss. The most interesting case is taspect occurs whey < 1. Now the
return to A is perceived to be sufficiently low that investrhém A occurs only if new
securities can be engineered, so financial innomatbears sole responsibility for
unproductive investment. The expansion in thepsupf housing in the decade prior to
2007 might have been an example of such ineffidirgstment needed to meet the growing

demand for securitization of mortgages (Mian anfli 3009, Keys et al. 2010).
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In sum, while under rational expectations finandahovation improves social
welfare by reducing the shortage of riskless claiomler local thinking it can reduce both
investors’ and even intermediaries’ welfare byadalighg the allocation of risk and investment

in the economy.

6. Rational Intermediaries

We have assumed so far that intermediaries andstongeshare the same incorrect
beliefs. We now show that the “false substitutdéet holds even if the intermediaries hold
rational expectations. Rationality of the internsetis introduces two changes into our
previous setting. First, the intermediaries evaua&turns correctly, which influences their
investment and issuance decisions. Second, inteanesimay try to profit from the possible
drop in prices of the new securities by carryingnedliquid wealth tat = 1. This second
effect (emphasized by Diamond and Rajan 2010) nftsgtoan intermediary’s incentive to
commit its wealth to the risky project so as toaxghthe supply of new claims.

When deciding at = 0 what volumé of new securities to issue, what amount of own
wealthia to invest inA, and what amount of own wealthio leave liquid fott = 1, a forward

looking intermediary solves:

max M= R(ps— 1ot ig] + [psEY— (1 —m)R—m(Yi/ya)R] f + Ey ia +

b,a,ia g

+ Wint —ig —ia + |-Pr(s)( ™™ [(R- py,)/ Py (25)

S.t. ig+ia+ | <wp, (26)
f<ia[ya/ (R—ps Ya)l, (27)

—(Pe-1p<ig<1-psh, 0<in,O0<I (28)

In the above programg/®°™ denotes the new claim’s repayment expected by the
rational intermediary [formally,c/®™ = Pr(y = yd|§)+Pr(yr|§)(yr/yd)], which is always
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higher than the repayment expected by a local #rifike. ™" > " for all 77 >0]. The

rational intermediary anticipates, in the seconuntef the objective function in (25), the
possibility that in a recession the new claim pagly (y:/yq)R. Additionally, the last term in

Equation (25) illustrates that the intermediary entp to obtain a capital gain of

(™™™ [R- p,,) py, by leaving some liquid wealthfor the event that the signal turns out

to be low, which occurs with ex ante probability £r**

As in Section 4, under A.5 the intermediary issdder a given amount of capital
committed toA — the maximum possible amount of new claimg at 0, implying that
constraint (27) is binding. Since the equilibripnice of riskless claims at= 0 is still equal
to ps = 'R, the intermediary invests up to capacityBrand setsg = — (-R — 1). The new
choice that the rational intermediary must makehgther to invest his wealth; + &R — 1
into A so as to expand the supply of new claims atO or to store liquidity untit = 1 by
settingl > 0. From objective (25) and constraint (27),siteasy to check that at the
equilibrium priceps = R the return the intermediary obtains from incregsinis higher

than that from increasing so that it is optimal for the intermediary to ketO, provided:

a)rational R-
[0 Ey— (1 ) —m(yilye)] —%— +Ey> Pr@)( pj (29)
1- @d N1
which can be rewritten as:
7T (y - yd) wrational R- p
979 ‘9% Pr(s) NI (30)
1- @/d Pna

Even a rational intermediary invests all of its tlean A when each unit invested in
the risky project generates a sufficiently largesidp (which the intermediary keeps for

himself). The return from investing $1 i is multiplied by the factod/(1- &y, ,)which

1% One implicit restriction in the above problemhat att = 1 the intermediary cannot issue deposits to ives

to buy the new claims. However, when the intermmgtBaown liquidity att = 1 is zero, the infinitely risk averse
investors are not wiling to lend more that their nowaluation of these claims, which undermines the
intermediary’s ability to support the price of thew claim by borrowing ex-post.
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captures the intermediary’s ability to profit byeating new claims from such investment,
realize a profit on them, to reinvest that prafifi to create more new claims and so on.

Condition (30) is hardest to satisfy when the pholids that the new claim defaults is

rational

negligible (in the extreme whew = ) And the price of the new claim tat 1 is the
lowest, namely whepn: = 6-(y/yg)'R. In this case, the rational intermediary investof its

wealth inA att = 0 provided:

Vis - -

9 (yg yd) > Pr(§) [E yd @r j , (31)
1_@’d @’r

which is satisfied for a broad range of parametues. If Condition (31) does not hold,

then the intermediary restricts the supply of néaunes up to the point where the capital gain

on the new claims is sufficiently small to use sdmé not all of his wealth to innovate, and

to transfer the rest to= 1.

7. Discussion

We have proposed a new approach to modeling fiahntiarkets, one that
emphasizes the central role of the neglect of lovbability risks in accounting for the nature
of financial innovation and financial fragility. ®have motivated the model using several
examples in which the neglect of risks appears mapd, including the recent financial crisis.
In conclusion, it might be useful to return to #resis, and to explain some of the ways in
which our model offers a novel perspective on tenés.

We would argue that both the sharp decline in hpnees and the sensitivity of the
prices of some AAA-rated MBS to home prices andtgaaye defaults came as a substantial
surprise to the market in the summer of 2007. eéagl one can date the beginning of the
financial crisis to July-August 2007, when the neskfirst recognized these risks. During

this short period, Bear Stearns liquidated two leeflghds investing in mortgage-backed
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securities, the French bank BNP-Paribas haltedmptens in three investment funds
supposedly investing in AAA-rated assets, and thBBOR-OIS spread exploded.
Interestingly, bad news from the housing market iandeases in risk premia on the risky (as
opposed to AAA) tranches on MBS all arrived montigfore, with no noticeable market
disruptions. It is only the realization that thebtiwhich investors perceived to be completely
safe was actually risky that created extreme fitygil

The sudden realization that AAA-rated securitiesengsky contributed to the freeze
of the asset based commercial paper (ABCP) manktted summer of 2007. In our model,
ABCP can be viewed as a loan collateralized byst@or tranch of the risky asset’s cash
flow. When this senior tranch is revealed to beenusky than originally thought, highly
risk averse investors are no longer willing to htié ABCP. If the clientele for ABCP
consists largely of such highly risk averse investprices and issuance volume would fall
substantially as these investors withdraw fromntfaeket.

We find it difficult to account for the crisis wiblut incorporating the idea of a
substantial surprise. The leading alternative axgion of the events holds that financial
institutions speculated in AAA-rated securitiesngsshort term finance such as repo because
they counted on a government bailout (Acharya .e2@10, Gorton and Metrick 2010). The
main argument in favor of this explanation is thahks and dealer banks themselves held
enormous positions in these securities and sustdinge losses, leading to eventual bailouts.
Since we believe that the banks have themselvdsated the risks of AAA-rated MBS and
CDO'’s, we do not find their large exposure to theseurities, for inventory reasons, as skin
in the game, or even as a speculative “carry tramebe inconsistent with our fundamental
perspective. We would also question the view thathanks were aware of the risks, and just
gambling on a bailout. After all, prior to the et® of the summer of 2007, financial markets

universally perceived AAA-rated MBS and CDOQO'’s todade, the banks’ credit default swaps
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traded as if banks were totally safe, and banksiged repo financing to hedge funds using
MBS as collateral with very low haircuts. We wowdgue that both the banks and the
investors neglected the risks and were shocked st Wappened: precisely the assumption
we explore in this paper.

An alternative view of the crisis sees it as a @@ty well considered, but extremely
rare event, a “perfect storm.” Investors correctipsidered the extremely low probability of
a crisis, and priced securities accordingly, bus trery low likelihood event nonetheless
materialized. This view is inconsistent with theidence we cited earlier that investors
actually used the wrong models, not correct moeaath low probability extreme events
(Jarrow et al 2007, Coval et al. 2009). It is alsmnsistent with the evidence that financial
crises in which investors accept too much risk withrealizing that they are doing so are
guite common. We have already discussed the egssadth CMO’s and money market
funds in the introduction; Reinhart and Rogoff (2p@numerate multiple recent episodes of
banking panics originating in excessive risk takiaugd leverage. A recent study by
Greenwood and Hanson (2010) similarly shows thatoge of expanding leverage are
accompanied by a deterioration in the quality aofrtw@ers, and are followed, on average, by
negative returns on debt. The common thread iretBaglies is the neglect of risks, not the
occurrence of low probability events.

Our paper offers a distinct normative perspectivéhe recent financial crisis as well,
which may bear on some emerging policy proposasefl economists, including Gorton
and Metrick (2010) and Stein (2010) recognize theaton of safe securities, particularly
short term ones, as an important function of thedelv banking system. In their view, the
creation of such “private money” is in itself dedite, but exposes the financial system to the

risks of financial meltdown due to socially excessieverage. Desirable policies would thus
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seek to preserve the creation of liquidity by thenking system, but control leverage or
improve mechanisms of reducing leverage and unwindecurity holdings in distress.

Our model, then, is in agreement with the widatgepted prescription that greater
capital and liquidity of financial intermediarieuld lead to more stable markets (French et
al. 2010). However, our model goes further by tjoesg the idea that all creation of
private money by the banking system is necessdefrable. We recognize the benefits of
private supply of safe securities, but also noé, tht least in some cases, such securities owe
their very existence to neglected risks, and hanevga to be false substitutes for the
traditional ones. False substitutes by themselvad to financial instability, and may reduce
welfare, even without the effects of excessivellage.

The financial fragility discussed in our model wauhteract, perhaps dangerously,
with leverage. When investors or intermediarieec@ige some securities to be safe, they
would borrow using them as collateral, often wittry low haircuts (Shleifer and Vishny
2010, Stein 2010). The realization that theser#ezsiare actually risky would lead to their
sales by both investors and intermediaries trymgéet their collateral requirements, leading
to additional fragility from fire sales. The stgmr is the ex ante belief that securities are
safe, the higher is the borrowing against them, thedmore extreme the fire sales. Sales
from unwinding levered positions and sales fromapiminted expectations thus go in the
same direction. As discussed by Shleifer and \is{#910) and Stein (2010), depressed
security prices can have especially adverse wetfansequences ex post because they cut off
lending to new investment. A financial crisisdedo an economic crisis. We do not discuss
these welfare issues here because they have babmethelsewhere, but only emphasize the
reinforcing influence of leverage and misunderstosks on fragility.

If this perspective is correct, it suggests thaerg policy proposals, while desirable

in terms of their intent to control leverage amé fales, do not go far enough. It is not just
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the leverage, but the scale of financial innovatama of creation of new claims itself, that
might require regulatory attention. Such attentmoight be especially warranted when
investors buy securities through an intermediary wiakes either an explicit or an implicit
guarantee backing them. Regulators may wish toimedbat intermediaries hold enough
capital to make good on those guarantees or diserrédrom making them. This might be a
particularly significant issue when the safety iter securities or intermediaries is illusory.
For example, the innovation of prime money mafiatls has arguably created much
instability by giving millions of investors the esgtation of getting their money back on
demand at par, even though it is invested in seesirihat are far from riskless. Our model
suggests that it might be better to help investorsn more realistic expectations by
mandating that these funds be marked to marketth Wbre realistic expectations of net
asset value fluctuations, “breaking the buck” womnddlonger be a dramatic event that sparks

a run on these funds and creates financial frggilit

8. Proofs

Proof of Lemma 1. The proof is straightforward but illustrates ttesiz logic behind several
of our results. Given thdy > 6y, there exists no prigea > Ey at which intermediaries are
willing to sell that also induces investors to bAg. a resultpa = Ey and each intermediary is
happy to hold its endowment of shares,a.e. 0. If pg < 'R, investors demand more than 1
unit of bonds [because by A20R >1] and — provideg > R — intermediaries are willing to
sell the full supplyp =1. As a result, in equilibrium it must be tipgat= 6-R so that is optimal

for investors to buy exactly= 1.

Proof of Lemma 2. The result directly follows from the proof of lerani, with only two
changes. First, the supply of bonds is now equbl#dl +y;/R, but A2 implies that investors
can absorb all of it at their reservation pricejrsequilibriumpg = 6-R. Secondpa = Ey-y
and none of the risky claims are sold to invesfaso value them zero).
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Proof of Proposition 1. The result directly follows from the proof of lemrhawith the only
changes of replacing with yy. Since the supply of bonds is ndw= 1 +yy/R, if investors
can absorb it at their reservation price, nameW/{f-R) > 1 +y4/R, in equilibriumpg = 6:R.

If this is not the case, i.e.W < 6-(R + yg), then investors spend all of their wealth to pase
the bonds angs = WRAR+yy) > R.

Proof of Proposition 2. Consider the market’s reaction to a bad signdlo begin, note that
thet = 1 equilibrium must havpg; = 8:R. To see why, suppose tha# < 6-R (as we have
seen,ps1 > @R is not an equilibrium because at this price inmestsell their bonds but
intermediaries are not willing to buy them). Atdlgrice, investors want to purchase as many
bonds as possible providga > (yr /yg) psi. This cannot be an equilibrium because
investors’ demand for bonds does not encountersapply. Consider instead the case where
pPn1 < (Vr /Yg) pe1. Now the new claim is priced below investors’ \alan pna < (yr /yg)0'R.
This cannot however be an equilibrium becausena#tstors demand the new claim (or some
of the bond as well) but nobody supplies it. Agsult, it must be thads; = 0-R.

Consider now the market for the new claim. Giveatt a; = 'R, if pna < (Vv /Yg)0'R
all investors would demand the new claint at 1, which cannot be an equilibrium because
investors hold the total supply of it. As a consatge, in equilibrium it must be that, > (y;
Iya)0-R. 1If pn1 = (Vr /yg)6-R investors are indifferent between holding andirsglthe claim; if
Pn1 > (Vr /y0)0'R investors supply their total holding$. If w" < (y; /yg)0, the intermediary’s
valuation of the new claim is lower than investovaluation. As a result, the equilibrium
price is equal t@n: = (y /Ya)O'R. If insteadw" > (y; /ye)0, intermediaries are willing to buy at
least some of the claims from investors and theliegum price pyi depends on the shase
of t = 0 income carried by the intermediarytto 1.

The intermediary’s t = 0 income can take two valdepending on whether the t=0
equilibrium falls in case 1) or 2) of proposition [f we are in case 1), nameélR+y;) <w <
0-(R+yy), the intermediary’s = 0 income is equal t@. As a result, the intermediary’s wealth
att = 1 (and thus the demand for the new clainggsal toc-w. By equalizing supply and

demand for the new claim, one can easily find thatequilibrium price is equal to:

_ L
w'R for ooy =P Ye
w
pN,l(U)z V;/I—R for JD(gl,El) ’ (32)
d
6y, /y,)R for o<g, = gJr
w
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Together with A2, equation (32) implies thay, (o) < p; = WR/(R+yq).
Consider case 2), namely> 0-(R+yy). The intermediaried = 0 income is equal to
O(R+yy). Now the intermediaries wealth at t = 1 is eqoad-0(R+yy). By equalizing supply

and demand for the new claim one can easily fiadl tthe equilibrium price is now equal to:

w" R for 020,z — 4
O(R+y,)
py.(0) =<0 @R R+ Ys) for ol(g,,02) , (33)
’ Ya
_ Yy
R f <g, =
o(y, 1yy) or g<g, R+y,

It is obvious thatp,, (o) < p; =6R.

Consider next the comparative statics of the parop (s —pn1) with respect tg, and
Yda- A highery, increasegn; both in cases 1) and 2), as one can readily see Equations
(32) and (33). Indeed, a highgrincreases investors’ as well as intermediariesémeation
price, boostingon;. Sincepg does not depend op, this softens the price drop in both cases.
Consider the role ofy. It is easy to see that in Equations (32) and &38igheryy reducegn:
by reducing both investors’ and intermediaries’ergation prices. Thus, in case 2), which
prevails whenyy < w/6 — R, a higheryy increases the price drop because here the iprice
ps does not change witlly. In case 1), in contrast, the initial pripg also falls inyj,
potentially allowing the price dropd —pni1) to fall with yy. Take the first derivative opg—
pn1) With respect toyy in each of the three rangesoin Equation (32). After some algebra

one can see that for each of these ranges tharthiesholdy, such thatgs—pn:) increases

inyq if an only ifyg< ¥,. Defining y, = ma>{9d ,w/ 8- R] proves the proposition.

Proof of Corollary 1. Under rational expectations, Lemmas 1 and 2 imfiigt
V,FE =R+ 8y, +E(y-y,[) andVE =R+E(y|i), forz=0,s, s. These formulas imply

I,RE _ I,RE| — RE __ RE
’\/O Vz ‘ - ’\/0 Vz

To consider local thinking, first note that in tiasence of innovation we have

:‘EL(y|t =0) - EL(y|z)‘ for z

=[E(yt =0)~E(y{2) forz=ss.

V, =@R+E"(y|2), forz=0,s, s. This implies tha"\/oL -V,

= s,s. With innovation, consider first case 1) of Prapos 1, where the initial price of

riskless bonds and of new claimspis = WR(R+yg). Now V,"" =w+E"(y~-y,|2) for z=
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0,s. If insteadz = s we haveV," =R +6y, + EL(ma>{O,y— Yy ]|§) It is immediate to see
that v -V, =g -V| :‘EL(y|t =0)- ELME)‘ while:

Vot =Vt =|w-8w-y,) + EL (vt =0) - EL(y]9)| > Ve -V | =[EF (vt =0) - E*(]s)].

Consider case 2) of Proposition 1. Now= 6R andV, " = R+ 6y, + E"(y - Yy,|2)

for z = 0,s. If insteadz = s, we haveV," =R+ 6, + EL(ma><{O,y—yd ]|§) Once more,
Vot =V =g -V =[E (vt = 0) - B (3]s while:

Vot =Vt =[6(yq = y,) + EF(yit =0) - EX(y]9) > Vg -V,

These inequalities prove Corollary 1.

:\EL(y|t:0)—EL(y|§)\.

Proof of Lemma 3. For investors to buy shares it must be that 0-yq. By A4 this implies
that investors only buy sharespf < 1. However, in objective (15) the intermediarguss
shares only ipa > 1. As a consequence, in equilibrium the intermmdtoes not issue any
shares ang < 1. Since in equilibriunps =R > R, the intermediary issues the maximal
amountb = 1 of bonds because these yield at least as raacthe intermediary’s own
investmenisg in B at the same unit investment cost. Thus, the iredrany withdraws fronB
the profits from bond sales by setting = — @R —1). The intermediary then invests these
resources along with his wealtfy, in A if and only if By > 1. When Ey > 1 the equilibrium
price of shares ipa = 1 (if pa < 1 intermediaries would prefer to buy shares tiwaimvest).
When By < 1 the equilibrium price of shares iSy& pa < 1 (so that no investment occurs,

no shares are issued, and no shares are demanded).

Proof of Proposition 3. Assume for now thgbs =0R; we later show that in equilibrium it
must be so. This has two consequences. Firstrukild@ follows from objective (19) that
the intermediary issues the maximum volume of nwns so that (21) is binding. Second,
as in the proof of Lemma 3, the intermediary isduesl bonds and seig = — R —1). By
substitutingps =¢R and constraint (21) into the intermediary’s oljex{(19), we see that up
to an additive constant the objective becomes:

{ELy+(9—1)yd —1}

1-6y, A
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As a result, wheE"y + (9 —1)yq < 1 the intermediary sets= 0 and does not create any new
claims. When insteaH'y + (0 — 1)yq > 1 the intermediary setg at its maximumuin+ (OR —

1) and issues new claims for the volume impliedBoyation (21). It is easy to check that
given A4 this volume is sufficiently low (relatie investors’ wealth w) that the equilibrium

price for riskless bonds is effectively equapto=6R.

Proof of Proposition 4. The logic of the proof is identical to that of theof of Proposition
2, except now the production structure pins dovenititermediary’s wealth at= 1 atc = 0.

Proof of Lemma 4. If the intermediary carries no wealthtat 1, namelys = 0, there is no
trading at t=1. Suppose instead that the internngdi@rries all of his wealth at t=1, namely

= 1. Then, after observiné there is no trading anyway, implying that E{JLE) =wW—0(Yq—

yr) and EHinn|§) =R (L +fY + EY) - (mg+ ma)Ya — mryr. After observings, investors sell all
the new claims ghi= "R so that they now obtain Egds) =w — (0 — ")RT ", while the
welfare of intermediaries (who buy the claims ah)tis equal to H{in|s) = 0R (1 +f") —
w"Rf" + E(). If o = 0 then, innovation allows intermediaries to g — (zg+ 7a)yd — 7Yr
and investors to losé:(yq —V;). If insteado = 1, innovation allows intermediaries to gain on
average P ){6ya —[mg(S)+ma(S)lya — m(3)yi}+ Pr(s)(@ — o )ys and investors to lose

Pr(s)6-(ya—¥) + Pr(s)(0 - )yaif o = 1.

Proof of Proposition 5. By Lemma 3, without innovation the intermediatytains E[I) =

Wit + R — 1 ifE'y < 1 and E{I) = E(y)[wine + 6-R — 1]if E'y > 1. By Proposition 3, the

intermediary innovates wheBy + (0 — 1) -ys > 1. In the latter case, in the allocation of

Proposition 3, the payoff obtained by the intermaeglwith innovation is on average equal to

E(Tinn) = {E(Y) — [(mgt7a) + 7 (Yi/Ya)]Ya } %@E‘H . By comparing this expression with
d

the previous two equations describing the interangth welfare absent innovation, it is

immediate to find the conditions of Proposition 5.
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