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Abstract

Limited liability and a risky payo� structure of illiquid assets create a risk-

taking incentive for banks. In this note, I show that their portfolio choices ig-

nore bankruptcy externalities within a �nancial network and therefore prolong

bankruptcy cascades after a local liquidity shock. Cascades are particularly long

following periods with high asset returns and low shock probabilities.
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1 Introduction

The aftermath of Lehman Brothers' bankruptcy on September 15th, 2008 has shown

again that troubles in some institutions can spill over quickly to the entire banking

system. This �nancial contagion is often explained by direct links. As banks are inter-

connected by a web of debt contracts, a local liquidity shock (a�ecting just one bank)

may trigger a bankruptcy cascade through repeated defaults.

In an important recent contribution, Caballero and Simsek (2013) argue that banks'

portfolio choices can prolong such cascades. When banks know a cascade is coming, but

are uncertain about their and other banks' positions in the �nancial network, they want

to hold liquidity to be prepared in case they are a�ected. However, when all banks do so

at the same time, they trigger a �re sale which reduces aggregate liquidity and therefore

prolongs the cascade.
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In this note, I show that in an interesting variation of their setup, an alternative ampli�-

cation mechanism appears. I assume that banks perfectly know their network positions,

but are uncertain about whether a cascade will occur. Then, banks typically want to

buy too many illiquid assets, which give a high return in a good state of the world where

the cascade does not occur. They do so because limited liability partially insures them

against the negative consequences of their choice in a bad state of the world where the

cascade does occur.1 This risk-taking incentive substantially prolongs the bankruptcy

cascade triggered by a local liquidity shock. Banks enter a crisis episode with illiquid

portfolios, neglecting the externality this imposes on the rest of the network. Risk-taking

incentives are stronger, and cascades are longer, after periods with a high asset return

and a low shock probability.

The risk-taking mechanism highlighted in my note is complementary to the �re sale

mechanism described by Caballero and Simsek. Arguably, their assumptions are more

appropriate for describing banks' environment during a �nancial crisis, while my model

is better suited to analyse the periods preceding the crisis.

2 The model

The model has three periods and n identical banks (b0, b1, ..., bn−1). In the initial period,

banks are endowed with one unit of cash. They can either store it (with a return of 1)

or invest into an asset with a return R > 1 in the �nal period. Banks maximize their

expected return in the �nal period, and I assume they can only choose between two

extreme portfolios containing either only cash or only assets. I denote the �rst option

by H (for �hold�) and the second one by B (for �buy�). This is for simplicity and does

not a�ect the model's qualitative results.

Banks are connected by a circular network of debt claims due in the intermediate period.

Every bank has a claim of z on its backward neighbour and owes z to its forward

neighbour (see Figure 1). This network structure is common knowledge.

Assets are illiquid in the intermediate period and cannot be used to settle debts. This

is not an issue in normal times, as all banks can pay their creditor with the cash they

1This incentive structure is analysed by a vast theoretical literature (Jensen and Meckling (1976);
Diamond and Rajan (2011)), but to the best of my knowledge, it has not yet been studied in the context
of a network model.

2



Figure 1: Bank network for n = 5

receive from their debtor. However, with probability π ∈ (0, 1), a shock hits the network

and b0 must pay θ units of cash to an outside agent.2 This creates an aggregate liquidity

need (conditional upon the shock) and a return-liquidity trade-o� in portfolio choices.

A bank is bankrupt when it does not hold enough cash in the intermediate period to

pay back its debt. As it is protected by limited liability, its payo� in this case is 0.

In this model, the only actions are banks' portfolio choices in the initial period. The

(Nash) equilibrium of the model is thus a n-tuple of portfolio choices such that when

taking others' portfolio choices as given, no bank can pro�tably deviate.

3 Risk-taking and network equilibria

I �rst determine banks' optimal actions taking liquidity needs as given. Then, I endo-

geneize liquidity needs by taking into account network linkages.

3.1 Banks' optimal actions

A bank's action depends on the amount of cash it needs in the intermediate period

(conditional on the shock hitting). I denote this conditional liquidity need by L.

Lemma 1. A bank with conditional liquidity need L chooses H i� (1− π)R < 1 and

0 < L ≤ 1−(1−π)R
π . In all other cases, it chooses B.

Proof. When L = 0, the bank chooses B, because the return on the asset exceeds the

return on cash. When L > 0 (which happens when the bank's debtor defaults and/or

the bank faces an outside claim), there is a trade-o�. Choosing B leads to bankruptcy

if the shock hits but gives a high return in case it does not. Choosing H gives a low

2I assume θ > z, to ensure the outside liquidity need is large enough to absorb any cash b0 may
receive from its debtor. This reduces the number of equilibria, but is not crucial for results.
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return in both states of the world. Formally, the expected return in the �nal period

when choosing H is πmax (0, 1− L)+(1− π). When choosing B, it is (1− π)R. Then,

there are two subcases.

Subcase 1: L > 1. In this case, if the shock hits, the payo� of B and H is the same.

Therefore, the bank chooses B, which o�ers a higher payo� if the shock does not hit.

Subcase 2: 0 < L ≤ 1. Now, the bank can avoid bankruptcy by choosing H. It

will do so i�3 π (1− L) + (1− π) ≥ (1− π)R, which is equivalent to (1− π)R < 1

and L ≤ 1−(1−π)R
π . The �rst inequality indicates that if a bank chooses H, it cannot

be that the lowest possible return to buying the asset, (1− π)R, exceeds the highest

possible return to holding cash, 1. The second inequality indicates that furthermore,

if a bank chooses H, it must be that it can rescue enough cash after the shock (its

conditional liquidity need must be smaller than some upper bound). This proves the

choice conditions stated in Lemma 1.4

Lemma 1 implies that a bank either pays back its entire debt or nothing at all. Thus,

the risk-taking incentive of any individual bank exposes the rest of the network, as it

minimizes the cash available in case of bankruptcy and thus maximizes spillovers.

3.2 Network equilibrium

Lemma 2. If (1− π)R ≥ 1, all banks choose B. When the shock hits, all go bankrupt.

If (1− π)R < 1, there are three subcases.

1. If θ ≤ 1−(1−π)R
π , b0 chooses H and all other banks choose B. When the shock hits,

all remain solvent.

2. If z ≤ 1−(1−π)R
π < θ, b0 chooses B, b1 chooses H and all other banks choose B. When

the shock hits, b0 goes bankrupt and all others remain solvent.

3. If
1−(1−π)R

π < z, all banks choose B. When the shock hits, all go bankrupt.

Proof. When (1− π)R ≥ 1, all banks choose B and do not hold cash in the intermediate

period. Therefore, when the shock hits, b0 cannot meet its outside liquidity need and

defaults both on the outside agent and on b1. b1 then has no cash to repay b2 and

defaults as well, and this cascade continues until every bank has defaulted.

3I assume an indi�erent bank chooses H.
4Note that L ≤ 1−(1−π)R

π
implies L ≤ 1, so it is not necessary to state the latter inequality as a

separate condition in Lemma 1.
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When (1− π)R < 1, the exact liquidity needs matter, and there are three subcases.

Consider �rst θ ≤ 1−(1−π)R
π and conjecture bn−1 remains solvent and pays back b0.

Then, b0 has a conditional liquidity need θ, and as θ ≤ 1−(1−π)R
π , Lemma 1 implies b0

�nds it optimal to cover it by choosing H. Thus, b0 pays back b1, the remainder of the

network does not need liquidity, and bn−1 indeed remains solvent.

Second, consider z ≤ 1−(1−π)R
π < θ and conjecture again that bn−1 remains solvent.

Now, b0 does not �nd it pro�table anymore to hold cash, chooses B and defaults on b1 if

the shock hits. b1 then has a liquidity need of z (as all cash b0 received from bn−1 went

to the outside agent). As z ≤ 1−(1−π)R
π , Lemma 1 implies b1 wants to cover this need,

chooses H and does not default. The remainder of the network does not need liquidity

and bn−1 indeed remains solvent.

Finally, consider 1−(1−π)R
π < z. Then, Lemma 1 implies all banks choose B, and go

bankrupt when the shock hits.

Lemma 2 shows that risk-taking prolongs the bankruptcy cascade. When asset returns

are su�ciently high or shock probabilities su�ciently low (or when interbank debt is

high), risk-taking leads to generalized bankruptcy, as no bank carries over any liquidity

to the intermediate period. Any other portfolio decision would shorten the cascade. For

instance, if banks would maximize repayments to their creditors (that is, choose H if

they have a positive conditional liquidity need), it can easily be shown that the cascade

would touch at most dze banks.

Generalized bankruptcy typically occurs when R is high and π is low. Intuitively, in

periods with high returns and low shock probabilities, the risk of a long bankruptcy

cascade increases because banks are more inclined to choose illiquid portfolios.

Finally, note that banks do not consider the default externality they impose on their

creditor. Therefore, it can be shown that aggregate welfare (the sum of all banks' returns

in the �nal period) could be increased by outside intervention, for instance, by creating

a bailout fund �nanced by a tax on all banks in the initial period.

4 Conclusion

Limited liability and uncertainty about the occurrence of a local liquidity shock create
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a risk-taking incentive in a �nancial network and amplify bankruptcy cascades. This

new mechanism is complementary to the �re sale ampli�cation mechanism highlighted

by Caballero and Simsek (2013).

As Caballero and Simsek, I have abstracted from modelling network formation. This is

an important caveat and an interesting topic for future research, as banks' incentives to

engage in a network may change when they anticipate the possibility of risk-taking or

�re sales.5
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