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Supplement to Diamond and Rajan (2011)

Diamond and Rajan model a market in which banks hold illiquid, long term assets and at the

same time have liquid liabilities. The idea behind the model is to think about the effect of

a liquidity shock on banks/financial intermediaries. A liquidity shock could correspond to a

sudden increase in the number of customers of a bank withdrawing from their demand deposits

or drawing on committed lines of credit. These customers could be household or firms in a period

of financial distress. In fact, financial crises are often coupled with the risk of liquidity shocks.

Liquidity shocks force leveraged banks/financial institutions to sell their illiquid assets at a short

notice. As many of the investments of banks have a rather limited market of potential buyers

(either because of their size, or because of their specialized nature), selling those assets at short

notice often entails selling at fire-sale prices. The authors want to show how the risk of short-

term insolvency during a liquidity shock, due to lack of liquid assets, might lead to seemingly

perverse behaviors: banks facing the risk of a sudden need for liquidity hoard illiquid assets.

The key to their result lies in the limited liability enjoyed by banks. This modeling exercise is

aimed at showing the need for regulatory interventions to avoid the risk of widespread insolvency

of financial institutions.

The model works as follows. There are three dates (t ∈ {0, 1, 2}). The actors are banks,

depositors and investors. All actors of the same kind are identical at date 0. At date 0, each

bank’s asset is made of financial assets that ensure Z NOK in t = 2. Hence these banks do not

hold any cash. Each bank is financed with demand deposits of overall value equal to D NOK

with D < Z. Hence, in period t = 2 (“the long run”) the bank is solvent. Banks do not have to

pay any interest rate on deposits. Depositors can ask for repayment in t = 1 or t = 2 and banks

are covered by limited liability. Everyone is risk neutral and we disregard time discounting.

Banks face a common liquidity shock in t = 1. With probability q ∈ (0, 1) a fraction f ∈ (0, 1)

of their depositors withdraw their deposits (here depositors are not strategic, they just act
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“mechanically”). Whenever a depositor withdraws, her bank with no cash has to sell some of

its assets for cash to meet the depositor’s demand. A bank can be “proactive” and sell assets

at date t = 0 at a price P0 per NOK of return in period t = 2. Alternatively, the bank can sell

its assets at date t = 1, after observing whether the shock has realized or not, at price P1 per

NOK in t = 2.

Assume that in every period there are investors that can buy the banks’ assets and pay for

those assets in cash. Such investors are not subject to liquidity shocks.

Investors that buy assets at period t = 0 get a return on their financial investment in period

t = 2 equal to 1
P0

per NOK invested. Investors that wait and buy assets in period t = 1 face a

risk: banks sell their assets only if they are hit by the liquidity shock. Hence investors that wait

to buy bank assets in period t = 1 ensure themselves an expected return equal to q 1
P1

+ 1− q.

Investors are indifferent between the two options if P0 is equal to P bid
0 , where

P bid
0 ≡ 1

q
P1

+ 1− q
.

Note that the authors implicitly assume that there is a limited number of buyers of the banks

illiquid assets; these few potential investors have limited cash and decide whether to buy at t = 0

or t = 1. An example of assets held by financial institutions that have a small market could be

asset-backed securities that only a few specialized firms are able to evaluate reliably. The idea

here is that if firms anticipate the possibility that in the near future the banks will have to sell

their asset-backed securities as a result of a sudden increase in their liquidity needs, those firms

take into account the opportunity of buying the same assets in the future at a bargain price.

If P1 is sufficiently large (CASE 1), then even a bank that does not sell any asset in period

t = 0 is solvent in case of liquidity shock. If instead P1 is small (CASE 2), a bank that does

not sell any asset in period t = 0 will not be able to raise enough cash to repay the fraction of

withdrawing depositors, should the liquidity shock hit in period t = 1.

Consider CASE 1 first. When do banks sell their assets? If a bank waits for the shock to hit,

then it will have to sell a share η1 of the asset, where η1ZP1 = fD (you should check that the
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bank cannot strictly prefer to sell more that η1). This strategy ensures the bank an expected

payoff (calculated at date t = 0) equal to:

q [(1− η1)Z − (1− f)D] + (1− q) [Z −D] = Z −D − qfD(
1

P1

− 1).

A bank that sells enough assets at date t = 0 to cover its liquidity needs in case of shock has to

sell a share η0 = fD
ZP0

(you should check that the bank cannot strictly prefer to sell more that

η0). This strategy ensures the bank an expected payoff (calculated at date t = 0) equal to:

q [(1− η0)Z − (1− f)D] + (1− q) [(1− η0)Z + η0P0Z −D] = Z −D − fD(
1

P0

− 1).

The bank is indifferent between the two strategies just described when the price at date 0 is

P ask
0 , defined by the equation:

Z −D − qfD(
1

P1

− 1) = Z −D − fD(
1

P ask
0

− 1).

You can check that P ask
0 = P bid

0 . So banks and investors are willing to trade at either dates as

long as P0 =
1

q
P1

+1−q
.

Consider now CASE 2. Whenever liquidity shock hits, a bank survives if and only if it sells

enough assets at date t = 0, and it becomes insolvent otherwise. A bank is insolvent if at date

t = 1 or at date t = 2 the bank is unable to meet the depositors’ requests for cash, This is

equivalent to

(1) fD > P1 [Z − (1− f)D] .

At date t = 0, investors are still willing to pay up to P bid
0 = 1

q
P1

+1−q
. The bank is willing to

sell at P ask
0 if the sale allows to avoid insolvency (why is it so?) and if avoiding insolvency is

convenient for the bank. That is, the bank is willing to sell at date t = 0 only if

(2) Z −D − (
1

P ask
0

− 1)fD ≥ (1− q)(Z −D).
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The left-hand side of (2) is the expected payoff when the bank sells a large enough fraction of

its assets at date t = 0 to pay depositors in case of early withdraw. The right-hand side of (2)

is the expected payoff in case the bank does not sell any asset at date t = 0, and the bank fails

whenever the liquidity shock hits. Condition (2) is equivalent to P ask
0 ≥ 1

1+q(Z−D
fD

)
.1

Condition (1) implies that P bid
0 < P ask

0 and assets are not traded at date t = 0. This is

equivalent to banks “hoarding” on illiquid assets even though they face the risk of insolvency.

The explanation lies in the limited liability of the banks. In case a liquidity shock hits and a

bank cannot raise enough cash to repay depositors, it faces insolvency. Insolvency puts a lower

bound on the cost incurred by the bank in case of liquidity shock. This in turn makes the banks

more willing to take the risk involved in holding on to its illiquid assets. To see why this is

the case, note that the bank ensures the entire “positive side” of the risk: when the liquidity

shock does not hit and the bank is solvent, then the bank gets to keep all the profits generated

by selling its assets in period t = 2. At the same time, the bank shares the “negative side” of

the risk, as in case of a liquidity shock depositors will have to be paid by a public authority

providing insurance on deposits or will have to incur a loss. In order words, selling assets at

t = 0 is akin to buying an expensive insurance. As limited liability reduces the loss in case of

“accident” (=liquidity shock), it also reduces the incentive to pay for insurance. Hence, as a

crisis becomes more probable, the private interest of a bank and the public interest diverge.

Public intervention can take the form of: (1) forcing banks to sell early on their illiquid assets,

(2) subsidizing the investors of illiquid assets or directly providing liquidity to the banks in

distress, hence reducing the need for fire sales (either of these two policies would have the goal

of increasing p1).

Notice a difference with Diamond and Dybvig (1983). In that model, banks use the money

deposited either to acquire illiquid assets or to hold liquid reserves. That model focuses on a

longer horizon in the business of a bank than

1A “technical” remark: we are computing the bank’s payoff from selling sufficient assets at date 0 (the left hand
side of (2)) assuming that the bank is not selling anything at date 1. This is the correct way to proceed because
for P ask

0 < P bid
0 anyway all the investors would buy in period t = 0, while for P ask

0 = P bid
0 the bank ensures

the same payoff by selling some at date t = 0 and some at date t = 1 in case of liquidity shock, and in case of
P ask
0 > P bid

0 no investors would want to buy in period t = 0, so the bank cannot sell anyway.
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the model we are considering now. In the model considered here, the bank is endowed with a

given amount of illiquid assets, and decides when and whether to proceed with early liquidation.

Presumably the amount of illiquid assets has been chosen at some earlier point by the bank,

but this choice is not considered explicitly here.


