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Abstract

What is so special about banks that their demise often triggers government intervention? In this paper we
show that, even ignoring interconnectedness issues, the failure of a bank causes a larger welfare loss than
the failure of other institutions. The reason is that agents in need of liquidity tend to concentrate their
holdings in banks. Thus, a shock to banks disproportionately affects the agents who need liguidity the
most, reducing aggregate demand and the level of economic activity. The optimal fiscal response to such
a shock is to help people, not banks, and the size of this response should be larger if a bank, rather than a
similarly-sized nonfinancial firm, fails.

Key Words: liquidity, bailout, banking.
JEL Codes: E41 G21, E51.

“ We would like to thank Arnoud Boot, Christian Leuz, Alp Simsek, Vania Stavrakeva, Robert Vishny, and participants in
seminars at MIT, the University of Chicago, Cass Business School, LSE (finance), Boston College, and the University of
Amsterdam for useful comments, and Kirill Borusyak for research assistance. Oliver Hart gratefully acknowledges financial
support from the U.S. National Science Foundation through the National Bureau of Economic Research. Luigi Zingales
gratefully acknowledges financial support from the Center for Research in Security Prices (CRSP) and the Initiative on Global
Markets at the University of Chicago.



During the 2007-2008 financial crisis industrial firms, including major ones like General Motors, were
allowed to go bankrupt. By contrast, financial firms, with the notable exception of Lehman, were bailed
out. One possible reason for this differential treatment can be found in the political clout of these two
industries. Financial firms were and are major donors of recent administrations. Many of the recent
Treasury Secretaries and White House Chiefs of Staff had close ties to the financial industry. The greater
attention shown by the government toward the financial industry, thus, might be purely a matter of
politics. While not denying this possibility, in this paper we explore an alternative interpretation: that
government intervention is justified by an intrinsic difference in the welfare consequences when a bank,
rather than an equally-sized industrial firm, fails.

An often-mentioned rational for this difference is the degree of interconnectedness of financial
institutions. But while there is no doubt that large financial institutions tend to be highly interconnected,
large industrial firms like General Motors and Ford are very interconnected too. To quote Ford’s CEO
Alan Mulally: “The domestic auto industry is highly interdependent. A collapse of one of our competitors
would not only affect Ford and our transformation plan, but would have a devastating ripple effect across
the economy.”*

Another popular interpretation among financial economists for the difference between large
manufacturing firms and banks focuses on the ability of depositors to run (e.g., Diamond and Dybvig,
1983), raising the possibility of inefficient liquidation. Yet, suppliers and customers of GM can run too, a
concern that led the U.S. Government to intervene in 2008 to guarantee GM warranties. So what makes
banks different?

In this paper, we focus on a different dimension: banks are special because they are where people
in need of liquidity keep their wealth. In a world where the return from human capital is not fully
pledgeable, there is a natural demand for safe (or relatively safe) assets to support trading. Banks arise to

satisfy this need. As a result, we will show that agents who need liquidity for transaction purposes will

1 Alan Mulally’s testimony to the United States Senate Committee on Banking, Housing and Urban Affairs,
November 18, 2008.



hold their wealth disproportionately in the form of bank deposits (or similar financial securities—see
below).

In a world where the return from human capital is not fully pledgeable, the failure of any firm
implies two losses: a direct loss of wealth, and an indirect loss in liquidity resulting from the reduction in
pledgeable assets. This dual effect is present both for a bank and for an industrial firm. Yet, the impact of
a loss of pledgeable assets is different depending on the liquidity needs of the holders of those assets. A
bank failure disproportionately hits agents who are liquidity constrained (more so than if an industrial
firm was to fail), causing a larger drop in the demand for labor services that was supported by that
liquidity, and a larger fall in GDP. (Similarly, a loss borne by debt-holders affects GDP
disproportionately more than an equally-sized loss borne by equity investors.)

Building on Hart and Zingales (2013), we consider a simple general equilibrium economy where
security markets are complete, but consumers cannot pledge future income or wealth, including labor
income. There are two groups of agents and the lack of a simultaneous double coincidence of wants
between the two groups generates the need for a relatively safe asset for transaction purposes. In this
context we show that agents with liquidity needs (in our model, those who buy before they sell) will
choose to hold a disproportionate amount of (Arrow) securities that pay off in the low states of the world.

We also show that these Arrow securities can be manufactured by tranching investment payoffs
in order of seniority. If we build Arrow securities in this way, the agents in need of liquidity will hold
disproportionately more of the most senior tranches, which are relatively safe. Unlike the classic
literature (e. g., Baumol (1952) and Tobin (1956)) that focuses on the transactional demand for money,
our model derives a transactional demand for safe assets. It is a way to formalize the source of the
shortage of safe assets proclaimed by Caballero (2006). The fundamental friction is the same as that
stressed by Caballero et al. (2008): as a result of limited pledgeability, the world’s ability to generate
wealth has outpaced its ability to generate safe stores of value and to credibly transfer that wealth. As we

show in Section 6 this “shortage” persists even in the presence of government debt.



Given the demand for safe assets, we consider the macroeconomic effects of imposing a loss on
the different tranches underlying investor returns. There is a built-in correlation between extremely
negative aggregate outcomes and losses borne by the most senior tranches. To eliminate this effect, we
consider only losses resulting from an idiosyncratic fraud in a specific tranche: we call this a “Madoff”
shock. If we did not, the effect we observe would be even larger.

We show that, when a shock hits senior tranches, the macroeconomic effect of this shock is more
severe and so is the welfare loss associated with it. Losses borne by senior tranche holders deprive the
agents who need liquidity of collateral. In so doing, they reduce the effective demand of these agents for
the services of other agents, decreasing the amount of income these other agents can make. Unable to sell
their labor services on favorable terms, the other agents will curtail their own demand for services, further
reducing the overall level of economic activity. This effect is more limited or even completely absent
when a junior tranches face a loss, because junior tranches are held disproportionately by agents with low
liquidity needs.

The very senior tranches held by liquidity-constrained agents look similar to bank deposits.
Indeed, banks can be considered as mutual funds that on the asset side invest in financial claims and on
the liability side have a disproportionate share of very senior claims (deposits). According to this view,
banks are nothing but a cost-effective way to manufacture safe assets needed for transaction purposes.
This simple theory of banking is able to explain why banks need to have deposits that do not fluctuate in
value. Depositors are the agents with the highest need for liquidity and thus they demand insurance
against possible falls in the value of their investments, even if they are risk neutral. In our model this
insurance is provided by the agents less in need of liquidity.

This very simple theory of banking is able to explain not only why the default of a bank is worse
than the default of a similarly-sized industrial company, but also why these effects are not unique to
banks: they are common to all the most senior securities. This might also explain why governments are so
reluctant to impose losses on bonds, especially secured bonds. The reason is the same: they are held
disproportionately by people in need of liquidity. Finally, the theory can explain why the size of the fiscal
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response to a shock is larger if a bank, rather than a similarly-sized nonfinancial firm, fails. Yet, our
model would suggest that the government intervention should be targeted to help people with liquidity
needs, not banks per se.

As we will show, our results can also explain why the bursting of the internet bubble had
relatively mild macroeconomic effects, while the (milder) loss in subprime mortgages had a devastating
impact. The former shock was concentrated on equity instruments held by people with no compelling
liquidity needs, while the latter shock impacted relatively senior claims held by people with compelling
liquidity needs (see also Mian and Sufi, 2014).

Note that we would not have obtained the same results had we assumed that the demand for safe
assets came from agents’ risk aversion. In a complete markets model, agents with different risk aversion
will trade so as to equalize their marginal rates of substitution. Thus, on the margin the welfare loss is the
same regardless of which group of agents is hit by the shock. By contrast, in our model the welfare effects
depend upon who is hit.

A risk-aversion based model would also be unable to explain why riskless debt has a yield lower
than that predicted by a risk-return tradeoff (Krishnamurthy and Vissing-Jorgensen (2012)). To explain
riskless debt’s lower yield, several papers have postulated a special demand for riskless securities (e.g.,
Hanson et al. (2014), Krishnamurthy and Vissing-Jorgensen (2012) and Stein (2012)). In this paper we
derive this demand from first principles, in so doing providing foundations for the monetary policy results
obtained by Stein (2012) and the differences between traditional and shadow banks emphasized by
Hanson et al. (2014).

The rest of the paper proceeds as follows. Section 2 presents the framework. Section 3
characterizes the non-pledgeable equilibrium for the case where there is insufficient liquidity in each state
of the world to sustain the first-best level of trade. (One of the sub-cases is relegated to an Appendix.)
Section 4 shows how this demand can be satisfied by securities’ tranches and how the most senior
tranches will be disproportionately held by those who are liquidity constrained. Section 5 extends the
analysis to the case where there is sufficient liquidity in the best state of the world to sustain the first-best
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level of trade. Section 6 considers the role of fiscal policy. Section 7 explains how our very senior funds

can be interpreted as banks. Finally, Section 8 concludes.

2. The Framework

There are many agents. Ex ante each agent is equally likely to be a type that buys before it sells or
a type that sells before it buys; agents learn their type at the beginning of period 1. We call the first type
financial planners and the second type secretaries. (Aide-memoire: financial planners buy first and
secretaries buy second.) Financial planners want to consume secretarial services in period 2 and
secretaries want to consume financial planning services in period 3. Financial planners and secretaries can
also consume wheat in period 4 and there is no discounting. Each financial planner and secretary has an
endowment of wheat in period 1 equal to € . Wheat can be invested in projects; these projects yield wheat

in period 4. We will assume that e>0. The timeline is as in Figure 1.

1 - 2-mmmmmm e B 4
Agents learn whether State of world ~ Trade of Trade of Output
they are financial planners  realized secretarial financial planning from projects
or secretaries services services / wheat
Wheat invested consumed

Securities traded

Figure 1

We write agents’ utilities as:
. . 1
Financial Planners: U =w' +5s' _E(I M2
. 1
Secretaries: U®=w’+ f° —E(IS)2

where s' is the quantity of secretarial services consumed by a financial planner; 1" is the labor supplied

by a financial planner; f*° is the quantity of financial planning services consumed by a secretary; |1° is



the labor supplied by a secretary; and W' is the quantity of wheat consumed by individual i = f,s in

period 4. We assume constant returns to scale: one unit of secretarial labor yields one unit of secretarial
services and one unit of financial planning labor yields one unit of financial planning services.

In other words financial planners (resp., secretaries) are indifferent between wheat and secretarial
(resp., financial planning services) and have a quadratic disutility of labor.

Agents are risk neutral. The markets for secretarial and financial planning services are perfectly
competitive. It is crucial for our analysis that there is no simultaneous double coincidence of wants: a
secretary does not want to consume financial planning services in period 2 from the financial planner who
is buying his secretarial services.

There is a risky technology that transfers endowment between periods 1 and 4. There are n
(aggregate) states of the world. With probability 7z, >0, one unit of period 1 wheat is transformed into R,
units of period 4 wheat (i=1, ...n). Without loss of generality we label the states so that
0<R, <R, <...<R,. Agents learn about the state of the world between periods 1 and 2. All agents are

risk neutral. We also assume that there is free entry of firms possessing the technology described and that
these firms face constant returns to scale (the firms’ technologies are perfectly correlated).

This framework is similar to Hart and Zingales (2013), except in three respects. One (minor) is
that there are n states instead of just 2. The second (more important) is that we do not assume that an
agent can insure against becoming a financial planner rather than a secretary before period 1; a
justification is that period 1 endowment cannot be pledged in advance (ex post an agent can hide it).
Third, and most important, in this model there is no riskless storage. As we show in Hart and Zingales
(2013), the presence of multiple investment choices creates a distortion between private and social
incentives. Since this distortion has already been analyzed in our other paper, we want to eliminate it here.

In spite of these differences, some of the basic results are the same. For example, in the absence
of any pledgeability problem the economy has a unique Arrow-Debreu (or sequential Arrow) equilibrium.

In this equilibrium, there is a separation between consumption and production. Since the model is



symmetric, the prices of financial planning and secretarial services, the wage rates of financial planners
and secretaries, and the price of wheat will be the same, and we can normalize them to be 1 in each state
of the world. At these prices each financial planner and secretary supplies and consumes one unit of

services, incurs a labor cost of 1/2, and receives a consumer surplus of %. Agents also receive expected

n n
surplus ez 7R, from investing their endowment, and so the utility of each agent is eZ”—R—"‘l-
i - I 1 2

H

Finally, since the rate of return in the economy is R= Zﬂ:iRi' the equilibrium price of an Arrow

H

security, which pays off one unit of wheat in state i , is T, /R.

3. Non-pledgeable Equilibrium for the case where 2eR. <1

Consider now the case where future labor income cannot be pledged (i.e., workers can hide their income
from lenders). Suppose, however, that project returns can be pledged (the firms carrying out the projects
might be public companies, say). That is, firms can invest period 1 wheat in the risky project and issue
securities collateralized by the project returns (project returns cannot be stolen by firms’ managers).
These securities will be purchased in period 1 by financial planners and secretaries and used as a means of
payment for services in periods 2 and 3. Since we do not wish to introduce further frictions it is natural to
assume that the state of the world is verifiable and that firms issue a full set of Arrow securities backed by
their projects (where security i, i=1,...,n, pays off a unit of wheat if and only if state i occurs).

Let us review the timing. Agents learn their type at the beginning of period 1. Arrow security
markets open, and firms invest. The state of the world, state i say, is learned at the end of period 1. At this
point Arrow security i has value 1 (in terms of period 4 wheat) and all other Arrow securities have value
zero. In period 2 financial planners use their holdings of Arrow security i to buy secretarial services. In

period 3 secretaries use their holdings of security i acquired in period 1, plus what they have accumulated



from financial planners in return for supplying secretarial services in period 2, to buy financial planning

services. In period 4 investments pay off and wheat is consumed.
In this section we suppose that 2eR, <1; we consider the case 2eRn >1in Section 5. To

compute the non-pledgeable equilibrium, normalize so that the prices of wheat in period 1, wheat in
period 4, Arrow security i in period 2, and Arrow security i in period 3, are all one (if state i occurs).
Consider a financial planner’s utility maximization problem. In equilibrium the price of secretarial
services in period 2 cannot exceed 1 since otherwise financial planners would strictly prefer to use their
securities to purchase period 4 wheat rather than secretarial services, and so the secretary market would
not clear. Thus, we can assume for the purpose of calculating utility that financial planners use all their
Arrow securities to buy secretarial services. (By a parallel argument the price of financial planning
services in period 3 cannot exceed 1 and so for purposes of calculating utility we can assume that
secretaries spend all their Arrow securities on financial planning services.) Next consider a financial

planner’s labor supply decision in period 3. Ignore the subscript on the state. Then a financial planner will
, . 1 . : :

choose his labor supply | to maximize p‘I’ —E(If)z, ie,setI"=p", where p'isthe price of

financial planner services. Note that it is too late for the financial planner to buy more secretarial

services and so his marginal return from work is pf (he will use the proceeds to buy wheat in period 4). A

financial planner’s labor yields revenue (p’)?, which he redeems for wheat in period 4; in addition he
incurs an effort cost of %(pf)2 , and so his net utility from work is %(pf )2,

It follows that in period 1 a financial planner chooses his holdings of Arrow securities (xif , 1=1,

...Nn) to solve:

(*) Max 3’7, {ﬁ%( p/ )Z}

i Pi



n
st D gX' <e,
i

where pif , P/ are the prices of financial planning and secretarial services, respectively, in state i and ¢ is

the period 1 price of the ith Arrow security. Note that firm profits are zero in equilibrium given constant

returns to scale, and so we do not need to keep track of any dividends received by consumers. Note also
that xif >0, since a short seller cannot credibly commit to pay ex post.
A similar calculation applies to secretaries. The difference is that a secretary in period 2 chooses

S
- 1 . . . .
her labor supply I° to maximize p—flS _E(IS)Z , Where p®is the price of secretarial services. The
p

S

P

reason is that a secretary’s marginal return from work is —-, since she will use her income to buy

S

p

2
financial planning services. Thus a secretary’s net utility from work is E[_fj . Hence in period 1 a

secretary chooses her holdings of Arrow securities (X', j=1, ...n) to solve:

2
*% Xis 1 piS
(**) Max Zﬂi —pif +§(_pifj

subject to
n
DX <e,
i

where x° > 0 for the same reason stated above.

As noted, profit maximization and constant return to scale imply zero profit:
n
(3.1) ZqiRi =1.

Since all the wheat is invested, the supply of the ith Arrow security is 2eR;. Hence, the securities market

clearing conditions are
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(3.2) x| +x°=2eR,, fori=1, ...n.

It is easy to see that in equilibrium xif >0 foralli: if xif =0, the price of the secretarial
services in state i would be zero and the return to a financial planner of purchasing an Arrow security in
that state would be infinite. Also, since we have assumed that 2eR_ <1, even in the best state the supply

of liquidity is not enough to support the Arrow-Debreu level of trade and so prices of financial planning
and secretarial services will be strictly below 1. It follows that financial planners and secretaries will
spend all their available wealth on each other’s services in periods 2 and 3. Given the supply functions for
financial planning and secretarial services obtained earlier, we can write the market clearing conditions

for financial planning and secretarial services in state i as

X-f .s
(3.3) AT
i B
X' +x _
(3.4) 'pf L=p', fori=1,..n,

(), (**), (3.1) - (3.4) characterize a non-pledgeable equilibrium.

Although x>0 for all i, it is less clear that x° >0 for all i. In the text we will concentrate on

1 1
the case where X’ >0 for all i : we show that a sufficient condition for this is ZﬁjRJ? <2R?.Inthe
f

appendix we establish that our results generalize to the case where X’ =0 for some i.

1 1
Proposition 1: Let S = anRJ? , and suppose that S < 2R?. Then there is a unique non-pledgeable
j

equilibrium characterized by

7T
q, = T
R2S

1
x" =eR2S,
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1
X’ =2eR, —eR2S >0,

1
pif = (2‘3Ri)E

1

1
p =2*Rze

3 1
4Q2

S2,
for all i.

Proof: Suppose X’ > 0. Then, the first order conditions for (*) and (**) are:

T

(3.5) — =k,
Qi i
TT.
(3.6) Lk,
q;p; ’
for all i, for some k;,K,.
From (3.2) —(3.4),
1 N o
(3.7) pif =(2eR)? and p; :(Xif)z(ZERi)4
and so
(3.8) =k,
qi (Xif )2 (zel:\)i)4
T,
(3.9 —'1 =Kk,.
q;(2eR)?
In turn, this implies
Lok L
(3.10) (x")? = k—2(2eRi)4 .

1

From (3.1) and (3.9)



(3.11) YL =k =
7 (2eR)? (2e)?

Substituting (3.11) into (3.9), we have

(3.12) q=——.
(R)?

From (3.10)- (3.11) and the budget constraint quxjf =€, we have
j

AY
2
(3.13) ki =—7,
22 g2
and so we can write
1
(3.14) x| =eR2S
1 131
(3.15) p; =2%(R)?e*S2.

We have established the formulae in Proposition 1. The only remaining thing to check is that x° >0, i.e.,

x; < 2eR. . This will be true as long as

1

(3.16) eR:2S <2eR foralli,

1

ie, S<2R2.
It is clear that the above is a non-pledgeable equilibrium. The argument in the appendix

establishes unigueness.

Q.E.D.

Proposition 1 tells us that a financial planner’s demand for Arrow securities xif is strictly

1
increasing ini. It is also easy to see that a secretary’s demand for Arrow securities, x; = 2eR, —eR2S , is
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1
strictly increasing in i (given 2R? > S). Both of these results are intuitive. (They are akin to co-

insurance results when parties are risk-averse.) In better states the supply of Arrow securities is greater,
their price lower, and parties will hold more of them.

The next proposition tells us that a financial planner’s demand for Arrow securities exceeds a
secretary’s demand in the lowest state i=1 and the reverse is the case in the highest state i=n. Also the

demands cross only once.
Proposition 2: x| > Xx°, x| < x, and there exists an i such that x' > x*for i <i"and x| <x’

fori>i .

Proof: Consider

1

(3.15) x| —x° =2e[R?S-Rl].
1 1 1 1

This is positive for i=1 since anRJ? > R? and negative for i=n since anRJ? <R2. Also if
j j
1 1 1 1
f - - -k f
x. =X <0,ie, RZ ZanRJ?,then fori>i R3 >anRj2 andso x' —x° <0.
j j

Q.E.D.
Proposition 2 is also intuitive. Liquidity is more important for financial planners than for

secretaries, and it is relatively more this way in low states of the world.

4. Tranching of Securities

So far we have shown that financial planners want relatively more Arrow securities in the low states and
secretaries in the high states. Given the number of states of the world, it is worthwhile to consider whether
this demand can be satisfied by “simpler” securities. In this section we will prove that both types of
agents’ demand for securities can be satisfied by tranching the payoff of an investment in the existing

technology on the basis of seniority, similar to the tranching of collateralized debt obligations that was so
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popular before the 2008 financial crisis. (For a different explanation of tranching, based on asymmetric
information, see DeMarzo (2005).) We will also analyze the welfare effects of losses incurred by

securities with different levels of seniority.

4.1 Tranches as a viable substitute for Arrow securities

Let’s start by proving that both the financial planners’ and the secretaries’ demand for Arrow securities
can be satisfied by tranches on the economy’s return stream (R;,R,,...R,). A tranche corresponds to a
debt level of a certain seniority. If the tranches are d,,d,,d,,..,d, in descending order of seniority, then
in state i the first tranche receives Min(d,, R), the second tranche Min(d,, R— Min(d,, R)), the third
tranche Min(d,, R- Min(d,, R) - Min(d,, R- Min(d,, R))), and so on.
Proposition 3: The demand for n Arrow securities by financial planners (Xif Vi) and secretaries (X’
Vi) can be satisfied by n tranches gid,,d, K ,d, of the risky project return R, R,,...R, .
Proof: The proof will be by construction. Let d, =R,, d,=R,-R, d,=R,-R,, ...,

d, =R, —R,_, be tranches in descending order of seniority. Then the return vectors of the n tranches

d,,d,,d,,..,d, across different states of the world are given by

and
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A financial planner’s portfolio yields the return vector (X X, .....X, ). Since X' is

f f f

. . I . . . X, —X
monotonically increasing in 1, if the financial planner buys % of the first tranche, —2——=of the
1 2

f f f f
Xy — X _ X —X _
second tranche, ———% of the third tranche up to R”—Hof the last tranche we can replicate the

3 n n-1
same payoff the financial planners would have obtained with the Arrow securities. That is,
f f f

f f f f
X X, —X X, — X X, —X,_
4d+—=d,+=2—>2d, +..+——"2d, =
Rl Rz _Rl Rs_Rz Rn - Rn—l

=x/(10,0,..0)+x; (0,1,0,...0) + X, (0,0,1,0,...0) +...+ X' (0,0,0,...1) .
The same logic applies to secretaries.
Q.E.D.

The possibility of creating Arrow securities by tranching is closely related to Ross (1976). In
fact, if short selling were possible, Arrow securities would simply be a non-degenerate linear
transformation of the tranches. In our model, however, short selling is not feasible, since the short seller
cannot credibly commit to pay.

While there are many ways to manufacture the Arrow securities needed, tranching is particularly
attractive because it does not require parties to verify the state of the world, only the total return. It also
corresponds to a structure that we observe a great deal, from bank deposits to the infamous Collateralized
Debt Obligations (CDOs). Consistent with the model, CDOs became popular as riskless assets at a time

of a shortage of treasuries (Gorton and Ordonez, 2013).

4.2 Distribution of ownership of the various tranches
Having established that tranches are a convenient way to achieve the same payoff as that obtained

by Arrow securities, we ask next how the various tranches will be allocated across investors. Proposition
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4 says that financial planners will invest more in senior tranches and secretaries will invest more in junior
tranches.

Proposition 4: The amount invested by a financial planner in tranche k

is strictly decreasing in k=1, ...n (where xof = R, =0). The amount invested by a secretary in tranche k

S S

X — X
Rk - Rk—l

is strictly increasing in k=1, ...n (where X;=0).

Proof: Using Proposition 1 we can write

1 1
(4.1) X —%, _e(RZ-R2,)S
Rk - Rk—l Rk - Rk—l

1
which is strictly decreasing in k since R? is a strictly concave function. Also from (3.1),

(4.2) L Tk Tkl - 9e

Xe — X,
—* %L must be strictly increasing in k.

kK~ -1

and so

Q.E.D.
4.3 Welfare effects of losses in different tranches
Now we want to study the differential macroeconomic and welfare effects of losses in different
tranches. There is an obvious reason why a loss suffered by a very senior tranche has worse welfare
consequences: since the tranche is senior, it is impaired only when the loss in the underlying investment is
S0 severe as to go through all the other layers. Hence, a loss in a very senior tranche is an indicator of a
very negative realization of the state of the world.
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To eliminate this effect, we assume that each tranche is managed by a single, separate fund and
that one of these funds faces an unexpected loss due to an accounting fraud (a “Madoff” shock), i.e., a
totally idiosyncratic event. A limited number of large funds could, of course, have some market power.
To avoid this complication we assume that an entry threat forces them to behave in a competitive way?.

It is now legitimate to ask which fund’s losses will have the worst impact on the economy.

To repeat, then, we assume that there is one fund managing each tranche. Suppose that the
economy has arrived at the beginning of period 2, and it is known that state i has occurred. At this point
the fund managing tranche k experiences an unanticipated shock: a small (infinitesimal) unexpected
change in its wealth equal to d& . (We are assuming that state i is such that tranche k is worth a strictly

positive amount, i.e., k <i.) This wealth shock is distributed among financial planners and secretaries

f f
. . . . . . X, — X .
according to their relative holdings of tranche k. Recall that a financial planner holds ———*- units and
k— Tkl

S S

X, — X . . . . .
a secretary ———=L ynits. These sum to 2e, and so the wealth changes in the realized state i will satisfy

kT k-1
(4.3) ' = XX 92
' R -R_ 2’
(4.4) dx® = X=X d—g.
' R -R_ 2e
If we define
(4.5) A= X =%y 1
R, —R., 2e
we can rewrite this more compactly as
(4.6) dxif =Ad¢, dx’= (1- 4 )de.

2 Our results generalize to the case of small funds. One difference occurs if the Madoff shock is
anticipated; see Section 6.3 below.
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As in Hart and Zingales (2013), we use the sum of utilities of financial planners and secretaries as
our measure of welfare. This is reasonable since ex ante each agent is equally likely to be a financial
planner or a secretary.

From (*) and (**), the sum of utilities in state i is

Xf 1 2 Xs i pis 2
Py Z(pl) p o (p.j]

Using (3.3)-(3.4) to solve for pif , P, we can write (4.7) as

4.7) W, =

fy2
48) S P Y S

(Xif + Xis)Z (Xif + Xls)E 2 (Xif + Xls)E

) X 1 X

Note that in the absence of the shock X, +X° = 2€R;.

Differentiating (4.8) with respect to ¢ and using (4.6), we obtain, at & =0,

(4.9) ddVZ
(2eR)l ( )zak—(lxif)li(zeR) +£+l(2eRi)§(1 A )= X —(2eR) E(ZeRi)_%
(26R, ) 2 2 (2eR)) 4

_ L1y +_Lonzoery oty Lo 21 s 0er1 2 4 Lioer ) 2
= Z() 2A,2R) -~ (XA (26R) *+ 22 (A=A )(2eR) X (26R) F 4+ (26R) .

The coefficient of A, in (4.9) is

1 1 1

(4.10) %(xif ) 2(2eR)) * —%(ZeRi)z ,
and this is easily seen to be strictly positive, since

1

(4.11) x| <2eR < (2eR)?,
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given that 2eR, <1. Hence, we have established that the effect on welfare of a small shock to tranche k is

greater if A, is large. But we know from Proposition 4 that 4, is decreasing in k. Therefore, we have

established that the welfare loss from a small negative shock to a tranche will be greater the more senior
the tranche is.

The intuition is simple. Each dollar lost has two effects: a direct effect on welfare (equal to a
dollar since agents have linear utility) plus an indirect effect on welfare produced by the reduced level of
trade (which generates a positive surplus), caused by a reduced level of liquidity. The financial planners
are the agents more in need of liquidity. Thus, a loss that falls disproportionately on the shoulders of the
financial planners will have disproportionately large welfare consequences. As Proposition 4 shows the
people who need liquidity the most (in our model the financial planners) invest more of their wealth in
senior funds. In fact, the more so, the more senior they are. Thus, a loss in the more senior funds will fall
disproportionately on the shoulders of the financial planners and thus will have a disproportionately large

effect on the level of economic activity and a disproportionately large loss in aggregate welfare.

Remark: The above argument also implies that a shock to an industrial firm is (weakly) less serious than

an equally-sized shock to a financial intermediary. Suppose that an industrial firm loses d& . Then this
has the effect that Ri falls by d& . But this loss of income “at the top” in state i will affect only the most

junior tranche that is solvent in that state, and as we have seen this has a relatively small impact on

welfare.

dw. dw.
It is natural to ask how large d—' is. One’s first thought is that d—'>1, i.e., the effect of a
& &

wealth shock will be multiplied, given liquidity constraints. However, this does not have to be the case. In

- . dw. . . .
fact, it is even possible that d—'<0! The reason is that a positive wealth shock that affects mainly
&

Secretaries (A, close to zero) will drive up the price of financial planning services (see (3.4)) and
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therefore reduce the supply and increase the price of secretarial services (see (3.3)). This can make the
financial planners so much worse off that the sum of the financial planner and the secretary utilities falls.

However, this cannot happen for very senior tranches, in particular, k=1. For k=1,

f f 1

Xi = dw.
A= %> X gince xjf =eR;*S is concave in R; . Therefore, a lower bound for —is given by
2eR,  2eR de

f f

X X
. Substitutin =—'—into (4.9) yields
5 g 4 %R (4.9)y

(4.9) with A, replaced by 5 i
e

1
(x")2 i1 1 1 X!

(2¢R)¢ 2 2(2R): 4(2eR)z

1
(4.12) "

1
which exceeds 1 since X' < 2eR. < (2eR,)? implies that

1
(X‘f)E X >0.

5 4 3
2eR )¢ 7 (2eR)2

(4.13) L

*
The conclusion is that a negative shock to the most senior tranche causes a welfare loss that is
greater than the shock itself.

We may summarize the main point of this section as follows: If consumers obtain their Arrow
securities by holding different tranches on the economy’s total return, then a shock to an intermediary
managing a senior tranche has greater welfare consequences than a shock to an intermediary managing a
junior tranche.

This results seems consistent with the different impact that the subprime crisis had on the
economy Vvis-a-vis the bursting of the internet bubble. Brunnermeier (2009) estimates that during the
2007-8 financial crisis the loss from subprime mortgages was only $0.5trillion, a fraction of the $7.1

trillion lost during the dot-com crash.® In spite of this difference, the dot-com crash had very mild effects

3 The market cap of the Dow Jones Wilshire 5000 at the end of Q1 in 2000 was approximately $16 trillion. Between
2000 Q1 and 2003 Q1 the index lost 43% of its valuation, i.e. $7.1 trillion of wealth was lost.
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on the economy, while the subprime crisis had devastating ones. Our interpretation is that the former

losses were born by people with low liquidity needs.

5. Non-pledgeable Equilibrium when 2eR >1 and R, is “large”
We now consider how the analysis changes when in state n there is enough liquidity, so that

p. = p: =1 and the level of trade is efficient. This case is actually much simpler and will permit

a study of fiscal policy in Section 6. To simplify matters we continue to assume that 2eR; <1for

alli<n.

N L, (eR, )4 ) ) .
Proposition 5. Suppose eR, —1> 2—3 and 2eR; <1 forall 1 <n. Then there is a unique non-

i=1
= o 24

n

pledgeable equilibrium characterized by

T
qi - an 3
7, (2eR;)
X =2eR,
x =0
1
P’ =(2eR))?
3
p; = (2eR)* foralli<n;
and for i=n,
q = 1
n~ n-1
z 7T; R| Rn
=7, (2R, )4
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1
x! =eR —nf:—ﬂi (eR )"

3

< 3
= g 24

n

1

n-1 4

7 (eR )4

X, =€eR, + m(eR ) '3)
=g 2t

n

. =p =1

Proof: Note that xif > 0 for all i and so the first order condition for (*) is

(5.1) Tk for all i.

ap

On the other hand, the first order condition for (**) is

(5.2) T <k, for all i,

G p;
with equality if x> 0. We also know that in state i < n, prices will be strictly less than 1 and so (3.3)-

(3.4) describe the equilibrium in the goods market. Hence, by (3.2),

(5.3) pif = (2‘3Ri)E

1 1
(5.4) py =(x' )7 (2eR)*,
fori<n.

We now show that the above implies x; =0 for alli <n. Suppose not: X; >0 for some j<n.

Then, (5.1)-(5.2) at i=n imply:

(5.5) ~2>1,

since p, = p: =1. On the other hand, (5.1)-(5.2) at i=j imply:
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(5.6) L_0_
P (2R,
Hence,
1 1
(5.7) (xjf )2 2(2eRJ. )4,

1
which is impossible since, from (3.2), Xjf < 2eR; < (ZERJ-)Z, given that 2eR; <1.

Therefore, xf =0forall i <n, and, since secretaries have the wealth to buy some securities,
x; >0. It follows that

(5.8) x| =2eR foralli<n,

and so we can rewrite (5.4) as

3

(5.9) p’ = (2eR,)* foralli<n.

Combining (5.1) with (5.9), and using p; =1, yields

(5.10) q=—Th _

Finally, we can substitute (5.10) into (3.1) to obtain

1
(5.11) 0, =7 R
RN
= 7z, (2eR )

(5.3), (5.9), (5.10), (5.11), and (5.8) (plus the satisfaction of financial planner and secretary budget

constraints) describe a non-pledgeable equilibrium where prices are 1 in the highest state.

There is a further feasibility condition: an >1, i.e., afinancial planner must be able to afford at
least one unit of Arrow security n in order to be able to purchase one unit of secretarial services at price 1
in state n.( If this were not the case, p° <land p =1.)
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Using (5.8), we require
n-1
(5.12) g;2¢eR, +q, <e,

i=1

which, from (5.10) and (5.11), can be simplified to

1

n-1 "

(5.13) eR —1> Z&R;)‘l
= T, 24

Q.E.D.
Remark. Note that (5.13) implies eR  >1 andso 2eR, > 2. In other words R, must be “large”.

It is easy to extend the tranching result of Section 4 to this case. A financial planner’s holding of

f f
. X, — X
tranche k, given by —~——*2

k k-1

, Is constant and equal to 2e for k=1, ...n-1 from (5.8); while for k=n, since
f

x: >0, X, <2eR  andso

(5.14) o Tl o 2e,

In other words, a financial planner holds equal amounts of all tranches except the most junior one and
strictly less of that.

It is also easy to extend the welfare results of Section 4 to show that a negative shock to a senior
tranche will create a larger welfare loss than an equivalent shock to the most junior tranche. We will not
provide the details here, but instead carry out a similar calculation when we discuss fiscal policy in the

next section.

6. Fiscal Policy
So far we have not considered how the government might respond to the liquidity problems that we have
highlighted. In this section we analyze fiscal policy along the lines of Hart and Zingales (2013).

Specifically, we assume that there is a milling technology in period 4 that allows financial planners and
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secretaries to convert wheat into flour, and that they enjoy consuming flour as well as wheat. The
government can impose a per unit sales tax on flour — something that the private sector cannot do — and
can issue bonds in period 2, after the state of the world is realized, backed by this sales tax. As in Hart and
Zingales (2013), we suppose that the government bonds (b units of them) are handed directly to financial
planners (nothing in our analysis relies on the idea that the identity of an agent is nonverifiable).

The details of the milling technology and preferences for flour versus wheat can be found in Hart

and Zingales (2013). For our purposes it is enough to rely on the following result from that paper: the
government can increase the liquidity of a financial planner in period 2 in state i from xif to xif +b, but
this imposes a loss on the economy in period 4 of b+ A(b), where the first term reflects the bond
repayment and A(b) is the deadweight loss of the sales tax required to raise b .

Here A(D) satisfies
(6.1) A(0)=0, A'(0)=0, A"(b) >0 forall b>0.

In other words, the marginal deadweight loss is zero when the tax rate is zero but is strictly positive and
increasing when the tax rate is positive.

We will be particularly interested in how the government should respond to a Madoff shock.
However, given that there is a shortage of liquidity in the economy, the government will want to respond
even in the absence of such a shock. Thus, we will analyze the optimal fiscal policy with and without a
shock.

Analyzing fiscal policy in the model of Section 3 turn out to be hard, and so we will focus on the
model of Section 5 where 2eR, >1and R is “large”. We will suppose that the government chooses fiscal
policy in state i in period 2 to maximize the sum of financial planner and secretary utilities. We will also
assume that the government cannot commit to its fiscal policy in advance: the government will choose b,

f
i

in state i to maximize the sum of financial planner and secretary utilities after x; , X° are determined.

6.1 Equilibrium in the Absence of a Shock
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Let’s consider the case there is no shock and take the non-intervention equilibrium in Proposition

5 as a starting point. Clearly, there is no need for intervention in state n since the efficient level of trade is

realized there. Consider i<n. If the government issues b; units of bonds to a financial planner (each bond

pays one unit of wheat in period 4 in state i), then since xif =2eR., x; =0, the new equilibrium in the

goods market is given by

2eR. +hb N
(62) Is | — plf ,
P P;
(6.3) M= p fori=1, .n-1.
P;
That is,
1 3
(6.4) P’ =(2eR +b)z, P’ =(2eR, +b )
From (*) and (**), the sum of financial planner and secretary utilities in state i is
x'+b 1 2 1 p’ i
— i i f i
(6.5) W, { e +E(pi ) +§(p—ifJ b, —A(bi)]

:{(ZeRi b)) +%(2eRi b)) +%(2eRi b))z b —A(bi)]

The government will choose b. to maximize W, . Since W, is strictly concave in b, , the following

first order condition is necessary and sufficient:
3 1

(6.6) %(2eri b)) +%+%(2eRi b))z -1=A'b).

Note that the left-hand side of (6.6) is strictly positive when b, =0and zero when 2eR. +b. =1,

and so the optimal b, will satisfy 0 <b, <1-2eR,.
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Now suppose that agents anticipate that the government will choose b, in each state i<n
to satisfy (6.6). Will they change their ex-ante behavior ? We argue that they will not: in the

rational expectations equilibrium x' =2eR., x* =0. To see this set the new price in state i to be

asin (6.4).
Also let
6.7) g =—h
7, (2eR, +b)e
1
(6.8) 0, =—3

Z—ﬂ‘ R s +R,
Uz, (2€R; +by )4

Then, it is easy to see that (5.1) is satisfied, while (5.2) holds with strict inequality for i<n. So
x° = 0for state i<n. Hence, if we set x" = 2eR,, (3.2) is satisfied for i<n. Finally, the feasibility

condition (5.13) becomes

(6.9) eR —1> iﬂ

3!

= 7, (2R, +b,)*
which is implied by (5.13).
Thus, we have constructed a new equilibrium with government intervention where

financial planners continued to hold all the Arrow securities in state i=1, ...n-1, and the
government optimizes accordingly. Note that since x' =2eR for all i=1, ...n-1, and x. <2eR ,

the tranching results of Section 4 and 5 continue to hold.

6.2 Unanticipated Madoff Shock
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Let us now consider how the government will respond to an unanticipated Madoff

shock®. Note that in state i<n only senior tranches are in the money (tranches < i), and since
financial planners hold all these tranches (x’ = 0for all i<n), it does not matter which tranche is

hit by the Madoff shock. Thus, if we are concerned with how government intervention depends

on the seniority of the tranche hit, the interesting case is when we are in state n.

In state n a small Madoff shock will have no effect ifx' >1. So let’s assume that the
financial planners are just on the margin in terms of liquidity: x| =1. Note that
x| +x=2eR >1, so that for small shocks there will be enough liquidity in the market for

financial planner services to sustain p' =1.

Suppose that there is a small (negative) shock de to the aggregate amount of liquidity,
which is divided among financial planners and secretaries as in (4.6). Before the shock the

government had a zero fiscal policy in state n (b, =0), but after the shock it will intervene. As

we have just argued, p, =1 after the shock, and so the equilibrium in the secretary market is

given by
f
(6.10) % tb” =p;,
Py
ie.,
1
(6.11) Py =(x) +b,)? .

Welfare in state n after the shock is therefore given by

4 We continue to assume that the government maximizes the sum of financial planner and secretary utilities even
though this welfare criterion may not be so compelling in the case of an unanticipated shock.
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(6.12) W=

2
2 x$ 1( ps
pnf) + nf+5( S?j _bn_A(bn)]

:_(xf +b );Jr£+xs+£(xf +hb,) —b, - A(h )}
n n 2 " 2 " ) ! "l

W, is strictly concave in b, and so the following first order condition is necessary and sufficient:

1

oo e 1,
(6.13) E(xn+bn) —E_A(bn).

We can use (6.13) to compute Zb” . Differentiating (6.13) with respect to ¢, and
g

applying (4.6), yields

1 2 db, db,
6.14 —=(x"+b_ )2 Li=A"D T,
(6.14) L (% +b,) (ﬂwdgj (b,)
1/ 4 3
—— X +bn 2ﬁ’k
(6.15) db, 4( ) 3
dg 3

_A"(bn)+jr(xnf +D,)

Calculating this ate =0, where b, =0and x! =1, we have

1
db,| _ g™
de

(6.16)

- -
=0 A"(0)+=
O+

It follows from (6.16) that the optimal fiscal response in state n to an unanticipated
Madoff shock (i.e., a negative dg) is: a) positive; b) will be bigger if the shock hits a senior

tranche (where 4, =2e ) than if hits the most junior tranche (where 4, < 2e).

Note that the optimal fiscal response consists of bailing out people not banks. To the

extent that people with liquidity needs can be identified, it is cheaper to bail them out directly
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rather than indirectly through banks, since bailing out banks will typically also transfer resources
to agents who do not have pressing liquidity needs.
6.3 Anticipated Madoff Shock

A natural guestion to ask is, what happens if a Madoff-shock is anticipated? Suppose, in
particular, that agents realize that each fund may be hit by a Madoff shock with some probability. Can
they do anything to protect themselves?

In our economy the possibilities for ex ante insurance are very limited: financial planners cannot
obtain insurance from secretaries directly since such contracts can be breached ex post. However, funds
can get insurance from each other: a fund could enter into an arrangement with another fund that if it is hit
by a Madoff shock and the other one is not, then the unlucky fund will receive a transfer from the lucky
fund. This is enforceable since we have assumed that fund managers cannot steal money. (Quite what this
assumption means if one of the funds is run by a Madoff is another matter!!)

Analyzing the demand for fund insurance is quite complex, not least because, in general, even
senior funds will have both financial planners and secretaries as investors and these agents have different
preferences: thus it is not clear what the “objective function” of the fund is. One case where one can make
progress is in the model of Section 5 since in this case only financial planners invest in senior funds.
There one can show that a Madoff shock in a senior fund will reduce not only the utility of the financial
planners who invest in the fund, but also the utility of those who do not invest in the fund, the
secretaries®. Given this externality, if insurance is costly, a fund acting on behalf of its depositors, the
financial planners, may choose insufficient, or no, insurance. Under these conditions, our result that a
Madoff shock will be more severe if it hits a senior fund, and that the government response should be
larger in this case, will continue to hold even when the shock is anticipated.

7. Very Senior Funds and Banks

5 This is only true if the fund is large. Thus this part of the argument does not generalize to the
case of small funds; see footnote 2 above.
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So far, we have considered only abstract securities. Yet, the most senior tranches held by the
financial planners can be interpreted as bank deposits. On the asset side banks invest in financial
claims and on the liability side they have a disproportionate share of very senior claims
(deposits). Thus, banks are a cost-effective way to manufacture the Arrow securities needed by
financial planners and secretaries. In particular, bank deposits play the role of the most senior
security held by the agents with the highest liquidity needs (financial planners).

In real-world banks there is an additional feature (not contained in our model) that gives
deposits a highly senior status: their callability on demand. If we consider callability on demand
as a form of super seniority, money market funds tend to have this feature too, especially if they
are (implicitly) guaranteed by the equity of the sponsoring organization (Kacperczyk and
Schnabl (2013)) and possibly by the government.

According to this view, what makes banks special is not the nature of their investments
(i.e., information-sensitive bank loans, as in Sharpe (1990) and Rajan (1992)) or their
interconnectedness (as in Allen and Gale (2000)) , but the people who deposit in them. Banks are
special because their deposits are held by people with the highest liquidity needs. As a result,
losses among depositors have extremely negative macroeconomic consequences because they
deprive of liquidity the agents who need liquidity the most to support their purchases. A loss in
their liquidity buffer will lead these agents to curtail their demand for goods and services,
reducing the income (and the ability to pay) of other agents in the economy. This effect may
reduce the level of economic activity and the aggregate welfare by a multiple of the loss borne.

The amplified effect of a loss imposed on senior claims is not unique to banks, but is
shared by money market funds, since they provide an almost perfect substitute for deposits for

agents who need liquidity. As a result, losses borne by money market fund investors would have
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similarly disruptive effects on the economy. Consistent with this interpretation, in 2008 money
market funds were bailed out in a way similar to banks, even though their lending was not
“special” and they were not highly interconnected.

The same logic that applies to banks and money market mutual funds applies to a lesser
extent to bonds in general, in particular secured and highly rated bonds. These bonds are also
held in higher proportion by people who need liquidity the most. Hence, losses born by
bondholders can have some of the same macroeconomic consequences (albeit less severe) as
losses borne by depositors. This result might explain why governments are so reluctant to let
bondholders suffer a loss.

This simple theory of banking is also able to explain why banks (and money market mutual
funds) need to have deposits that do not fluctuate in value. Depositors are the agents with the highest need
for liquidity and thus they demand insurance against possible falls in the value of their investments, even
if they are risk neutral. This insurance is provided by the agents less in need of liquidity (in our model the
secretaries). Finally, this insurance component can explain why the yield of deposits and of very short-
term U.S. treasury bills is lower than the curve of risk and return would predict (Krishnamurthy and

Vissing-Jorgensen, 2012).

8. Conclusions
This paper explains why — in a complete market framework with pledgeability constraints -- there is a
demand for relatively safe assets for transaction purposes. It also explains why agents in need of liquidity
invest disproportionately in this asset and why losses imposed on this type of asset have a
disproportionate impact on the economy.

The characteristic of this relatively safe asset is that it is very senior, just like deposits in a
modern bank. Our argument is that the essence of banks is that bank deposits are held disproportionately

by people in need of liquidity. In other words, banks are where the liquidity is.
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Appendix

In the text we considered the case where x° >0 for all i. In this appendix we show that the analysis

generalizes to the case where X =0 for some i.

We show first that secretaries will be at the corner solution in the low states. We know from the
first order condition for (*) and (**) that

(A1) By, foralli,
Gi P
(A.2) dd —<k, forall i, with equality for some i.
G P;
Suppose that
”m
(A.3) . <k,.
Then, x; =0 and so from (3.2)-(3.4),
(A4) Xy =2eR,
1
(A5) Pn = (2€R,)?
3
(AS) ;= (26R,)"
Substituting into (A.1) yields
(A7) q, = Lﬁ
kl(zeRm)4
Consider j<m. If we can show that
IT.
(A.8) i« Tn

;P Gy Py

then it will follow from (A.2) that x;, =0. But we know that, since R <R,

11
(A.9) X/ <2eR; < 2eR2R?
and so
L EE
(A.10) (x])2 < (2)?R*R¥ .

37



This implies, using (3.2)-(3.4), that

(A.11)

1

1 1 3 11
p; =(X)?(2eR;)* <(2€)*R:R?.

]

On the other hand, from (3.4) and (3.2),

(A.12)

1
P/ =(2eR))2.

Combining (A.5), (A.12), (A.6), and (A.1) yields

(A.13)

1
Po _[Ru | _ Pa _ 7l
Pj

f R

]

pj ﬂ-qu

which in turn implies (A8). Thus, we have established that if X; =0, then XJ? =0 for j<m. In other words,

there exists r such that secretaries are at a corner solution in the low states: x’ =0 for i=1, ...r, x>0 for

i=r+1, ..., n.

A non-pledgeable equilibrium can therefore be characterized as follows (using (3.1)-(3.4) and (*),

(**)):

For somer, fori=1, ..., r

(A.14)

(A.15)

(A.16)

and for i=r+1, ...n,

(A.17)

(A.18)

(A.19)

(A.20)

x| =2eR , x°=0

1 3
pif = (ZERi)2 ) pis = (ZGRi)4
q = i > Ti | with strict inequality for i<r;
ki (2eR; )Z k, (ZeRi)5

1 1

b/ =(2eR)?, p; =(x')? (2eR)*

Tt TT;

G = S U
ki (x)? (2eR)* K, (2¢R))?

K,

2 1 2 1
X/ :[k_] (2eR)?, X’ =2¢eR — (%] (2eR)2 >0,

1 1

ZqiRi =1 Zqixif =¢€.

Note that the first part of (A.19) follows from (A.18).
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We can use (A.16) and (A.18) to write (A.20) as

r

(A21) L S o /T S|

TK(2eR) Tk, (2eR)?

‘ 2 1
(A.22) > — 2R + Z (t?] (2R )2 =
! kl(ZeR ) - Hlk2(2eRi) L
Defining h :% , we can further rewrite (A.21) and (A.22) as
1
1l - L n T 1
(A23) | R Y R (=1

“| T @t The)

i=r+1

(A.24) {Zﬁ(ZeR) z h}:e.

We also know from (A.16) and (A.18) that

1 1
(A.25) (2eR,)* <h<(2eR,,,)*.
(A.23)- (A.25) characterize a non-pledgeable equilibrium.
We now show that if there is a solution to (A.23)- (A.25), it is unique. Start at a solution to

(A.23)- (A.25) and graph (A.23) and (A.24) in a figure. It is easy to see that the locus of (k; ,h) satisfying
(A.23) is downward-sloping and the locus of (K, ,h) satisfying (A.24) is upward-sloping. Moreover, the

first curve asymptotes to the horizontal axis as k; — coand to a vertical line at k; > 0as h — oo; while

the second curve satisfies k; — 121 >0as h— 0and k;, > was h — co. It follows that the curves have a

unique intersection.

Now increase r. It is straightforward to show that the downward-sloping curve moves in, while
the upward-sloping curves moves to the right. Hence, h falls. But this means that if (A.25) is satisfied at
the first level of r, it cannot be satisfied at the second.

Hence, there can be at most one equilibrium. But a non-pledgeable equilibrium exists by standard

fixed point arguments. So there is exactly one equilibrium.
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It remains to establish Propositions 2-4. The key properties that these propositions depend on are

that xif , X’ are increasing in i and that xif is concave in R; . But it is easy to check that (A.14), (A.19),

f
X.
and (A.25) imply these properties; and furthermore that R—' is constant from i=1, ..,r, and strictly

i
decreasing for i=r+1, ..., n. (In Proposition 4 the word “strictly” must be removed. However, it is still
the case that a financial planner’s investment in the most senior tranche is strictly greater than his

investment in the most junior tranche, and vice versa for secretaries.)
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