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Collateral and Short Squeezing of Liquidity
in Fixed Rate Tenders

Abstrat

The paper models �xed rate tenders, where a entral bank o�ers to lend en-

tral bank funds to �nanial institutions. Bidders are onstrained by the amount of

ollateral they have. We fous on the strategi interation between bidding in the

tender and trading in the interbank market after the tender, where short squeezes

ould our. We examine how the design of the tender a�ets equilibrium bidding

behavior and the inidene of short squeezes. Important elements in the analysis

inlude the type of poliy implemented by the entral bank as well as bidders' ini-

tial endowments of liquidity and ollateral. Three instruments for softening short

squeezes are identi�ed: the tender rate, the tender size, and admissible ollateral.

Inreasing the tender rate or size tends to derease the probability and severity of a

short squeeze. The possibility of a short squeeze may indue bidders to oversubsribe

even if the tender rate is higher than the ompetitive rate.

Keywords: short squeeze, ollateral, �xed rate tender, liquidity

JEL index: D44, E58, G28
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1 Introdution

The �xed rate tender is seemingly one of the simplest, but also most important, meha-

nisms for distributing large quantities of a homogeneous good among multiple agents. For

example, �xed rate tenders have for a long time played an important role in the money

markets. The Bundesbank introdued �xed rate tenders in the 1980's as their main vehile

for distributing DM denominated funds to the banking setor. This mehanism was also

initially adopted by the European Central Bank (ECB) for its main re�naning operations.

In a �xed rate tender, a lender announes a rate at whih he is willing to lend money of a

given maturity, and borrowers respond by simultaneously submitting bids for how muh

they would like to borrow at the announed rate. Any exess demand is usually alloated

pro rata. In this paper, we study the strategi interation between bidding in the tender

and trading in the interbank market after the tender. Despite the simple struture of

the tender, we �nd that strategi behavior in the seondary market a�ets equilibrium

behavior in the tender in a profound way.

The strategi issue we fous on is that some banks fae a liquidity shortfall, and if

they fail to over this in the tender, they must go to the interbank market, where they

an be harged very high rates by other banks that are long liquidity. In other words, we

examine how a potential short squeeze impats on bidding in the tender. That a squeeze

on liquidity an our from time to time is suggested by the spikes observed in interbank

rates around the end of the reserve maintenane period (see e.g. Hamilton (1996) for US

and Biais, Hartmann, and Manna (2000) for European evidene). We also examine how

the design of the tender a�ets the inidene of short squeezes. Our analysis identi�es

three main instruments in a �xed rate tender that a entral bank an use to ontrol the

inidene of a short squeeze. These are: the tender rate, the tender size, and admissible

ollateral.

Although our paper is ast in the ontext of the money markets, our analysis an

easily be translated into a situation where bidders ompete to buy (rather than borrow)

the underlying asset. For example, �xed prie o�ers are widely used in IPO's. However,

apart from the possibility of a short squeeze, the other important ingredient in our analysis

is something whih has partiular relevane in the money markets; namely, ollateral.1

An important feature of �xed rate tenders of entral bank funds is that ollateral is

required to partiipate. In partiular, in return for the funds it obtains in the tender, a

�nanial institution must hand over ollateral to the entral bank, whih is returned when

the loan is repaid. In short, the transation is a repurhase agreement (repo). This means

that individual banks are onstrained in how muh they an borrow in the tender by the

ollateral that they have.

The possibility of a short squeeze in the interbank market after the tender has important

impliations for the bidders in the tender as well as for the entral bank. Bidders are

interested in knowing how muh to demand in order to avoid being squeezed, if short, or

1The �xed prie o�er IPO literature fouses on very di�erent issues than what we do here; for example,

Rok (1986), using a �xed prie o�er model, explains that new issues an be underpried as a result of

private information among potential buyers. Collateral has been disussed in other settings, for example,

by Bester (1987 and 1994) and Holmstrom and Tirole (1997).
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attempt to implement a squeeze, if long. From a entral bank's perspetive, the point

of a tender is to hannel liquidity to individual �nanial institutions that need it. But if

the funds get onentrated in non-needy hands, this job is taken away from the primary

markets and handed over to the seondary market. That in itself may be undesirable sine

trading is generally ostly. But more importantly, it an lead to a short squeeze, where the

borrowing rate for banks with a liquidity shortfall beomes very high { and higher than

the entral bank may have intended. This distortion of the interbank rate away from the

ompetitive rate an also feed bak to ommerial borrowing rates, for example, making

them unusually high. For these reasons, a entral bank may be interested in knowing how

to design a tender so as to minimize the inidene of short squeezes.

We study these issues in a model of a �xed rate tender of ollateralized borrowing where

initially some bidders are short while others are long. Bidders who fail to over their short

positions in the tender must do so in the interbank market after the tender, where they

may be squeezed. At this stage, the model draws on the literature on short squeezes.2

However, the main emphasis in our paper is on the tender itself and on how bidding in

the tender is a�eted by a potential short squeeze. Related work inlude Chatterjea and

Jarrow (1998) and Nyborg and Strebulaev (2001), who study di�erent primary market

mehanisms than what we do here. Like us, Catalao-Lopes (2000) also studies a �xed

rate tender and an interbank market, but unlike us, she does not expliitly model short

squeezes. In our model, the interbank rate may vary aording to whether or not a squeeze

is on.

Our model aommodates both the ases where the tender rate is above and below

the ompetitive seondary market rate. The former senario an happen in pratie if,

for example, interest rate expetations are rising or the entral bank is running a loose

monetary poliy. We �rst show that if the tender rate is below the ompetitive rate,

banks demand as muh as their ollateral allows them to in the tender. As a result, the

tender generally will be oversubsribed and there will be a relatively high inidene of

short squeezes. But our most interesting �ndings onern the ase where the tender rate

is above the ompetitive rate. In this ase, bidders may nevertheless demand positive

amounts in the tender beause of the possibility of a short squeeze. However, we also show

that inreasing the tender rate or tender size tends to result in a lower total demand and

a lower inidene of short squeezes. Intuitively, inreasing the tender rate or tender size

tends to inrease the osts of implementing a short squeeze, eventually leading long players

to stop partiipating in the tender. A general result that emerges from our analysis is that

tenders that are oversubsribed also tend to be followed by short squeezes. Moreover, the

interbank rate tends to be more volatile in the event of a short squeeze than otherwise.

Finally, we show that reduing the seurities that are admissible as ollateral in the repos

may redue the inidene of short squeezes.

While our model gives rise to pure strategy equilibria in many ases, under some

onditions when the tender rate is \intermediate," only mixed strategy equilibria exist,

where bidders randomize over a set of quantities to demand in the tender. In this ase, it

is unertain whether or not there will be a short squeeeze in equilibrium and whether or

2Models of market ornering and short squeezes inlude: Cooper and Donaldson (1998), Jarrow (1992

and 1994), and Kumar and Seppi (1992).
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not the tender will be under or oversubsribed. This is quite surprising sine there is no

private information in our model.

The rest of the paper is organized as follows. Setion 2 desribes the model. Setion 3

analyses the ase that the tender rate is below the ompetitive rate, Setion 4 analyses the

ase that the tender rate is above the ompetitive rate. Setion 5 ontains a disussion

of various ways to extend the model as well as some onluding remarks. An appendix

ontains proofs not supplied in the text.

2 The Model

We study a disrete time model, where the fous is on events whih take plae within

a single day. In partiular, early in the day, at time 1, there is a �xed rate tender for

repos with a entral bank. Later in the day, at time 2, the tender results are announed

and the interbank money market opens. Players that started the day with short positions

must over their positions by the end of the day. This opens up the possibility of short

squeezing. Finally, all repos and loans mature at a future day, time 3. Players seek to

maximize their interest earnings (minimize interest osts) at time 3.

There are two players, whom we shall all the short and the long, S and L respe-

tively. These names will be lear from the desription below.3 We think of these players

as representing ommerial banks or some other �nanial institutions. They are the only

ounterparties to the entral bank in the �xed rate tender and an trade between them-

selves after the tender. The two banks start the day with initial endowments of entral

bank funds of yS and yL, where Y � yS+yL > 0. These endowments are exogenous in the

model; they ould have been established from the banks' normal day-to-day ativities in

various money and seurities markets. Furthermore, we assume that yS < 0 and yL > 0.

This means that the short is short of liquidity at the beginning of the tender day; whereas,

the long has a positive amount of liquidity. If the short does not sueed in obtaining

suÆient money in the tender to over his position, he will have to borrow it from the

long in the seondary market at time 2. If the short obtains nothing in the tender, he will

therefore have to borrow z0 � jySj units from the long.

To do a repo with the entral bank, �nanial institutions need ollateral. We assume

that the short and long have positive initial endowments of ollateral of S and L, respe-

tively. In real markets it is usually the ase that di�erent types of ollateral exist (due

to di�erenes in maturity, issuer, the onsequenes and possibility of default, speialness,

hairuts, et); we abstrat from that here and assume that there is only one type of general

ollateral.

At time 1, the entral bank holds a �xed rate tender, where it o�ers the market

partiipants Q � S + L (divisible) units of money, whih matures at date 3 and arries

an interest rate of RT . The tender rate, RT , is somewhere between RL and RH , where

RL and RH are the overnight deposit standing faility rate and overnight lending standing

3By having more players, we would add omplexity to the model, but this would not hange our main

onlusions regarding the onit betweeen short and long players. Nyborg and Strebulaev (2001) develop

a model with multiple players, but where the primary market is organized as a uniform or disriminatory

prie aution.
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faility rate of the entral bank, respetively.4 Banks may submit bids in the tender,

speifying non-negative quantities bS � S and bL � L, for the short and long respetively.

The upper bounds on the bids apture the ollateralized nature of the tender alloations.5

Formally, the tender is an o�er to do repos with the entral bank. This means that to

obtain q units of entral bank funds, a player must hand over ollateral to the entral bank

whih he then an repurhase at time 3 for q(1 + RT ). We do not model the repurhase

deision at time 3, but assume that banks always do so, sine otherwise they lose the

ollateral. In pratie, the amount of entral bank funds one an obtain with a partiular

ollateral is usually set so as to ensure that the ollateral will be repurhased. Finally, bids

in the tender are pro-rata rationed if total demand exeeds Q, otherwise bidders reeive

what they demand. That is, bank i is alloated

qi = min

"
bi

bS + bL
Q; bi

#
; i = S; L:

So after the tender, the total position of money of eah of the two banks are: mi = yi+ qi,

i = S; L.

At time 2, if the positions of both players are positive, they simply lend their funds

to other institutions or ommerial enterprises at the market rate of R0 2 (RL; RH). If,

however, mS < 0, we need a model of how the short overs his position in the seondary

market. We model this as a delivery game between the short, the long, and the entral

bank; following Cooper and Donaldson (1998).6 Sine money is in positive supply, the long

has suÆient funds to provide what the short needs. In partiular this means that the long

posts a lending rate for z2 � jmin[0; mS℄j units of money.7 The short then ould hoose

either to borrow from the long or from the entral bank. One the short has overed his

position, the long an lend any ash on hand at the ompetitive rate, R0. It is lear that

the long optimizes by asking RH (or marginally below this). As a result, in equilibrium,

the long squeezes the short on z2 units. So z2 ould be viewed as a measure of the long's

market power at time 2. Similarly, if no tender were held, we ould think of z0 = jySj as

the initial market power of the long. An important objetive of the short and possibly of

the autioneer is to get this market power redued in the tender.

Hene, time 3 interest earnings/payments are given by:

�S =

(
R0(yS + qS)� RT qS if z2 = 0

RH(yS + qS)�RT qS if z2 > 0
(1)

4RH �RL is the Central Bank disount window. The European Central Bank usually sets the tender

rate in the middle of the window.
5We disuss the possibility that banks an bid for more than what they have ollateral for in the

onluding setion of the paper.
6The thrust of our arguments regarding the linkage between the seondary and primary markets would

go through for any other model of how the short overs his position in the seondary market, provided

that the long has an opportunity to exerise his market power. The way we have hosen to model this is

attrative beause of its simpliity, whih allows us to onentrate our e�orts on bidder behavior in the

tender. For a desription of the seondary money market in the European system see Biais, Hartmann,

and Manna (2000).
7Cooper and Donaldson (1998) desribe the proedure as a sequential delivery game where the number

of rounds equals the number of units the short is squeezed on. We use more simple struture sine we

have only 2 players.
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for the short, and

�L =

(
R0(yL + qL)�RT qL if z2 = 0

RHz2 +R0(mL � z2)�RT qL if z2 > 0
(2)

for the long. We now turn to analyzing how players bid in the tender to maximize these

payo�s.

3 Loose Monetary Poliy

One of the main instruments of the monetary poliy of a entral bank is the target interest

rate. In this paper we study the ase that the entral bank injets liquidity into the market

via a �xed rate tender. So the target rate is simply the tender rate, RT . If monetary poliy

is restritive or interest rate expetations are falling, then RT > R0. When it is loose or

interest rate expetations are rising, RT � R0. In this paper, we take the tender rate as

given and ask how banks that are short or long of liquidity bid in the tender. Moreover,

we ask how the equilibrium bidder behavior impats on the inidene of short squeezes. It

turns out that bidder behavior is dramatially di�erent under a loose and tight monetary

poliy. We onsider these two ases separately, �rst fousing on the tender under a loose

monetary poliy.

In this setion, we assume that RT � R0. Hene, the tender a�ords banks with an

arbitrage opportunity, and so all banks will demand as muh as their ollateral allows

them to in the tender.8 In this ase, player i reeives an allotment of �i where � is the

allotment rate under \full partiipation," i.e., � = Q

S+L
. Here, whether or not a short

squeeze will our is therefore a simple funtion of initial positions, the size of the short

and long's ollateral, and the tender size.

Theorem 1 Suppose, that monetary poliy is loose (i.e. RT � R0). The optimal strategy

for eah player in the tender is to demand a quantity equal to the size of his ollateral.

In this unique equilibrium, there is a short squeeze if and only if z0 > �S. Equilibrium

payo�s are given by

�i =

8><
>:

yiR0 + �i(R0 � RT ) if i = S; L and z0 � �S
(yS + �S)RH � �SRT if i = S and z0 > �S.

(z0 � �S)RH + (yL � z0 +Q)R0 � �LRT if i = L and z0 > �S.

(3)

An immediate impliation of this Theorem is that when monetary poliy is loose, the

size of a short squeeze is (i) dereasing in the ollateral of the short, (ii) dereasing in

the tender size, and (iii) inreasing in ollateral of the long. Furthermore, it is possible

to avoid short squeezes in the seondary market altogether by hoosing a suÆiently large

tender size. A drawbak with suh a poliy, however, is that it is likely to result in the

entral bank ending up ooding the market with heap liquidity. The general message that

8Suh an arbitrage opportunity ould in reality exist for a long period of time. During the period when

the European Central Bank held �xed rate tenders in 1999-2000, the orresponding interbank market rate

(ollateralized with the same maturity) was very often higher than the �xed rate target of the ECB.
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emerges is thus that when the entral bank wishes to follow a loose monetary poliy, the

�xed rate tender may not be the best mehanism for injeting liquidity into the markets

and leads to strong overbidding. This may help explain why the ECB hanged its repo

autions from �xed rate tenders to a variable rate tenders in June 2000, sine the early

part of 2000 was a period of rising interest rate expetations. See Breitung and Nautz

(2000) for an empirial analysis of the ECB's �xed rate tender experiene and Ehrhart

(2000) for an experimental investigation of �xed rate tenders.

4 Tight Monetary Poliy

In this setion, we study the �xed rate tender in the ase that monetary poliy is tight, i.e.,

RT 2 (R0; RH). The analysis here is more omplex than in the ase of a loose monetary

poliy, sine now the players annot exploit arbitrage opportunities between the primary

and seondary markets. Instead, the high tender rate now reates a potential disinentive

to buy in the tender. The short will nevertheless always demand a positive amount, in an

attempt to avoid being squeezed or redue the units on whih he may be squeezed. Every

unit he is alloated in the tender gives him a saving of RH�RT . So the short will demand

at least z0 units, if he has suÆient ollateral to do so. But exatly how muh the short

will demand depends on what the long demands, and vie versa.

The equilibrium outome turns out to depend upon the relation between the short's

initial position, the short and long's ollateral, the tender size, and the tender rate. As a

guide to the analysis that follows, we �rst provide an overview of the main ases.

1. The short annot over his position regardless of how the long bids. This is the ase

if the tender is too small or the short's ollateral is too small, i.e., if z0 > min(Q; S).

2. It is possible for the short to over his position. This requires z0 < min(Q; S). There

are a number of important subases.

(a) The short an over his position regardless of the long's strategy by demanding

z0 in the tender. In other words, the short does not fae ompetition from the

long for the z0 units he needs to over. This is the ase if tender size is relatively

large (or the long's ollateral is relatively small), i.e., if z0 + L < Q.

(b) The short an over his position regardless of the long's strategy by demanding

S in the tender. This is the ase if the short's ollateral is relatively large,

i.e., �S � z0. An intriguing aspet of this ase is that although the short

has it within his grasp to over his position in the tender, he may not wish to

do so with ertainty { sine it may involve getting more units than he stritly

speaking needs. After the �rst z0 units, every unit that the short obtains gives

him a loss of RT �R0.

() The short annot over his position if the long demands L. This is the ase if

the short's ollateral is relatively small, i.e., �S < z0. In this ase, if the long's

strategy is to demand L in the tender, then the short would obviously wish to

demand S, sine that minimizes the number of units that he will be short after
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the tender. But it is not at all lear that the long will wish to demand L in the

�rst plae, sine the interest rate may be so high as to not make it worthwhile

for the long to try to implement a squeeze.

We now turn to examining equilibrium behavior in these ases.

4.1 The Short Cannot Cover

In this subsetion, we assume that z0 > min(Q; S), implying that it is impossible for the

short to over his position in the tender. We �rst onsider the ase that the tender is too

small for the short to be able to over (i.e., Q � z0), and seond the ase that the short's

ollateral is too small (i.e., S � z0 � Q)

Theorem 2 Suppose (i) monetary poliy is tight (ii) and the tender size is too small for

the short to over.9 In the unique equilibrium: (a) eah player demands a quantity equal

to his ollateral; (b) the tender is oversubsribed and there is always a short squeeze in the

seondary market; and () the players' payo�s are:

�i =

(
�z0RH + �S(RH �RT ) if i = S

yLR0 + (RH �R0)(z0 �Q) + (RH � RT )�L if i = L.
(4)

Proof of Theorem 2

Sine z0 � Q, when both players demand positive quantities in the tender, both players

will reeive positive allotments and the short's allotment will be less than z0. Moreover,

every unit won by the long an be lent to the short at RH in the seondary market. Sine

RT < RH , it follows that both bidders will demand as muh as their ollateral allows them

to. Hene the short reeives an allotment of �S and the long reeives an allotment of �L.

Hene, the short will have a short position of z0 � �S after the tender. The Theorem

follows by observing that, on this amount, the long earns (and the short pays) and interest

rate RH . Moreover, both pay RT on what they obtain in the tender, and the long earns

R0 on yL +Q� z0 units. 2

The most interesting aspet of this result is perhaps that the tender an be oversubsribed

even though the tender rate is above the ompetitive rate. The intuition is lear: sine

there will be a squeeze for sure in the seondary market, both players are rushing to buy

in the tender. This oversubsription result is, as we shall see, a fairly general impliation

of a potential short squeeze in the post-tender market (but an exeption to this is found

in the next theorem). The result that players demand amounts equal to their ollateral

for any tender rate below RH is, however, more spei� to the ase of small tenders.

Theorem 3 Suppose (i) monetary poliy is tight (ii) and the short's ollateral is too small

for the short to over.10 There is a partiipation eiling, � = R0 +
(RH�R0)(S+L�Q)

Q
, suh

that: (a) If RT < �, the unique equilibrium is for both players to demand quantities equal

to their ollateral in the tender. In this ase, the tender is oversubsribed and there is a

9By these statements we mean: (i) RT 2 (R0; RH ℄ and (ii) z0 � Q.
10By these statements we mean: (i) RT 2 (R0; RH ℄ and (ii) S � z0 � Q.
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short squeeze in the seondary market. (b) RT > �, the short demands an amount equal

to his ollateral in the tender, and the long demands nothing. In this ase, the tender

is undersubsribed and there is a short squeeze in the seondary market. The unique

equilibrium payo�s are:

�i =

8>>><
>>>:

(yL � z0 + S)R0 + (z0 � S)RH if i = L and RT � �
��LRT + (z0 � �S)RH + (yL +Q� z0)R0 if i = L and RT < �
�SRT � (z0 � S)RH if i = S and RT � �
��SRT � (z0 � �S)RH if i = S and RT < �.

(5)

Proof of Theorem 3

Given S � z0 and RT < RH , it is a dominating strategy for the short to bid S, sine

this minimizes his short position in the post-tender market. It follows that the long either

bids 0 or bL for whih S + bL > Q. For if bL + S � Q, the long gets to squeeze on only

z0 � S, implying the long would do better by bidding 0, sine RT > R0. Consider next

that bL + S > Q. The long's payo� is then given by

��

L(bL) = (z0 �
S

S + bL
Q)RH + (yL � z0 +Q)R0 �

bL

S + bL
QRT :

Note that
���

L

�bL
=

SQ(RH � RT )

(bL + S)2
;

so the payo� reahes a maximum only at the boundaries, 0 or L. The long's payo� from

bidding 0 is

�PL = (yL � z0 + S)R0 + (z0 � S)RH :

Now, sine

��

L(L)� �PL =
1

S + L

�
(RH � R0)(S + L)S �Q(S(RH �R0) + L(RT � R0))

�
;

it follows that there is � suh that the long bids L if RT < � and 0 otherwise. � is suh

that equalizes the right hand side of the above expression to 0. Moreover, simple algebra

on�rms that � is as stated in the Theorem. Further algebra on�rms that payo�s are as

stated. Finally, when � 6= RT , the equilibrium we have desribed is unique sine the short

makes his deision to bid S without taking into aount the strategy of the long. (When

� = RT , the long may mix between 0 and L. Payo�s, however, are idential.) 2

Taken together, Theorems 2 and 3 give all equilibria in the ase that the short annot

possibly over in the tender, either beause the tender size is too small or the short's ol-

lateral is too small. The two Theorems also reveal that the long's behavior is signi�antly

di�erent under the two onstraints on the short's ability to over. Spei�ally, when the

onstraint on the short is that the tender is too small, the long always bids L, sine this

maximizes the quantity on whih he an squeeze. But when the tender size is large enough

for the short to over, but the short does not have suÆient ollateral to do so, the long
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stops partiipaing when the tender rate goes above some eiling. This ontrast is easily

explained. When Q < z0, the long gets to squeeze on every unit he buys. Therefore, he

tries to buy as many units as possible provided that the tender rate is below the \squeeze

rate", RH . In ontrast, when Q > z0, the long does not get to squeeze on every unit he

buys. Hene, he faes a tradeo� in the tender between quantity and interest osts. This

tradeo� gives rise to the partiipation eiling we see in Theorem 3.

As a further impliation of Theorems 2 and 3, we have the following empirial predi-

tions:

Proposition 1 Let S < z0 and RT 2 (R0; RH) be given. In equilibrium: (1) The total

quantity demanded in the tender, as well as the quantity demanded by the long in the

tender, is inreasing in the long's ollateral and dereasing in the tender size. (2) The size

of a squeeze in the seondary market is inreasing in the long's ollateral and dereasing

in the tender size.

This proposition has an important poliy impliation. In partiular, if a short squeeze

is viewed as undesirable by the entral bank, but the short player has insuÆient ollateral

to over his position, the entral bank an minimize the size of a squeeze by making the

tender \large." In pratie, the size of a entral bank repo tender is based upon the entral

bank's estimate of liquidity needs among �nanial institutions. Our analysis shows that

if ollateral shortfall is a onern, the entral bank does better by erring on the side of

holding a tender whih is too large rather than erring on the side of holding a tender

whih is too small. Exess liquidity will not neessarily get into the market sine long

bidders may abstain from partiipating in the tender. The entral bank an also derease

the size of a squeeze by hoosing a high tender rate, along with a reasonably large tender

size. However, the higher the tender rate, the more will the short have to pay to over,

something whih may �lter bak to the banking markets with undesirable e�ets prior to

the tender. So while our analysis here points out two primary \instruments" available to

the entral bank in a �xed rate tender in order to redue the inidene of a short squeeze {

namely the tender rate and size { our analysis also shows that distortions an be minimized

by hoosing the tender size as large as possible. One aveat to this onlusion is that the

analysis presumes that the short does not have suÆient ollateral to over. This is relaxed

below.

4.2 It Is Possible for the Short to Cover

In this subsetion, we assume that z0 < min(Q; S), implying that it is possible for the

short to over his position in the tender. We will disuss how the tender size, tender rate,

and size of ollateral impats on equilibrium behavior, the bid-to-over, and the inidene

of short squeezes.

We start with the simplest of the three ases that we outlined at the beginning of this

setion; namely, the ase that the tender size is so large that the short is guaranteed to

over by simply demanding what he needs.

11



Theorem 4 Suppose (i) monetary poliy is tight, (ii) it is possible for the short to over,

(iii) and the tender is not ompetitive.11 In the unique equilibrium: (a) In the tender, the

short demands his liquidity shortfall, z0, and the long demands nothing; (b) The tender is

undersubsribed and there is no short squeeze in the seondary market.

This supports the result from the previous subsetion that the inidene of short

squeezes an be redued by making the tender suÆiently large. In the ase onsidered

here, squeezes are eliminated sine the short has suÆient ollateral to over and sine the

long has insuÆient ollateral to implement a squeeze. Theorem 4 also emphasizes the

point that when the tender is large enough to allow the short to over, a short squeeze an

only our if there is rationing in the tender. In other words, for the long to implement a

short squeeze, he must have suÆient ollateral, and bid enough of it, to indue rationing.

In the remainder of this setion, we assume that z0 + L > Q. In the ontext of the

ECB's �xed rate repo tenders, this is probably the most realisti senario, due to the

tender size being based on the ECB's estimate of banks' liquidity needs. Translating this

into our model, this means that the tender size would be expeted to be somewhat larger

than z0 { it should be around z0 to over immediate liquidity needs plus some amount

to over liquidity needs between the urrent tender and the next. When z0 + L > Q

and the short demands only z0 units in the tender, the long an implement a squeeze by

demanding L units in the tender. But in that ase, the short may wish to inrease the

number of units he asks for. The general point here is that the short's optimal demand in

the tender now depends upon the number of units the long asks for. In other words, the

tender is ompetitive.

An important result in the previous subsetion was the existene of a partiipation

eiling suh that if the tender rate is set above that eiling, the long drops out of the

tender. A similar result applies in the urrent setting.

Theorem 5 Suppose (i) monetary poliy is tight, (ii) it is possible for the short to over

his position in the tender, and (iii) the tender is ompetitive.12 There is a partiipation

eiling, � 2 (R0; RH), suh that if the tender rate is above the partiipation eiling, the

unique equilibrium is for the long to ask for zero units and for the short to ask for just

enough units to over his liquidity shortfall, z0. In this ase, the tender is undersubsribed

and there are no short squeezes in the seondary market.

When the tender rate is above the ompetitive rate, the only reason for the long to

partiipate in the tender is in order to try to implement a short squeeze. But when the

tender size exeeds the number of units the short needs to over, the long an only earn RH
on a fration of the units he obtains in the tender, sine the short will always demand at

least z0 units in the tender. So when the tender rate goes above the partiipation eiling,

�, it simply does not \pay" for the long to try to implement a short squeeze. The proof of

Theorem 5 shows that the partiipation eiling � is given by

� =
R0(Q� z0) + z0RH

Q
�

z0

LQ
(RH �R0)(Q� z0): (6)

11By these statements we mean: (i) RT 2 (R0; RH ℄, (ii) z0 < min(S ; Q), and (iii)z0 + L � Q.
12By these statements we mean: (i) RT 2 (R0; RH ℄, (ii) z0 < min(S ; Q), and (iii)z0 + L > Q.
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This implies:

Proposition 2 The partiipation eiling � is: (1) inreasing in the long's ollateral, L;

(2) inreasing in the liquidity shortfall, z0; and (3) dereasing in the tender size Q.

The existene of a partiipation eiling for the long shows that by setting the tender

rate suÆiently high, the entral bank an make sure that a short squeeze does not happen.

Moreover, as shown in Proposition 2, the partiipation eiling an be redued by inreasing

the tender size. Intuitively, when the tender size is large it beomes more expensive for

the long to implement a squeeze. When both the long and the short bid for quantities

equal to their respetive ollaterals in the tender, the allotment of the long is inreasing

in the tender size. Hene, as the tender size inreases, the long wins more and more units

at the relatively high rate of RT whih he an lend in the seondary market at only R0.

This makes it less attrative for the long to try to implement a squeeze when the tender

size is large. An impliation is that as the tender rate is approahing the ompetitive rate

(from above), one way for the entral bank to guarantee that there will be no squeeze in

the seondary market is to inrease the tender size.

Proposition 2 also shows that the partiipation eiling is a funtion of the long's ol-

lateral and the short's liquidity shortfall. Spei�ally, the partiipation eiling an be

redued by reduing the long's ollateral. It is also inreasing in the short's liquidity

shortfall. Now, as the quantity of the ollateral held by the long inreases, he generally

�nds it more pro�table to bid aggressively in the tender. For example, if the long does not

fae any ollateral onstraint, i.e., L !1, the partiipation eiling beomes

�
1
=

z0RH + (Q� z0)R0

Q
:

This value has a very simple and eonomially intuitive interpretation. Beause the long

does not fae any ollateral onstraint, he will be alloated the full tender size if he hooses

to partiipate fully. On the �rst z0 units alloated the long obtains a rate of RH in the

seondary market; while on the remainding Q� z0 units, he obtains only R0. The average

of these lending rates is exatly equal to �
1
.13 It also means that the long will never

partiipate in the tender, if RT > �
1
, no matter what ollateral he has.

This result implies a general and fundamental observation, namely that introduing

a ollateral onstraint in the tender leads to a redution in the willingness of a to-be-

short-squeezer to orner the market. The entral bank has some power over the ollateral

sine, for instane, it an hange the allowable sets of ollateral to try to redue the

relative quantities of ollateral held by institutions that are long in liquidity. This poliy

has, however, a substantial drawbak, sine the entral bank needs to know the initial

positions in liquidity and ollateral of all bidders, whih is unlikely to be plausible.

To omplete the analysis, we now ask the question: how do bidders bid when the tender

rate is below the partiipation eiling? We show below that the long will partiipate in

the tender with positive probability and, as a result, there will be a short squeeze with

positive probability. Interestingly, this probability is not generally equal to one.

13Nyborg and Strebulaev (2001) show that �1 also plays a similar threshold role in ase of disriminatory

prie, multiple unit autions.
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Lemma 1 Suppose (i) monetary poliy is tight but the tender rate is below the long's

partiipation eiling, �, (ii) it is possible for the short to over his position in the tender,

(iii) the tender is ompetitive.14 There is  2 (R0; �) suh that there is no pure strategy

equilibrium if RT 2 (; �). However, there are mixed strategy equilibria.

This Lemma is more than a tehnial result. In partiular, it implies that in any equilib-

rium under the onditions of the lemma, a short squeeze happens with positive probability.

Moreover, it shows that this probability an be less than 1. The proof of the Lemma shows

that  is given by

 =

(
R0(Q�z0)+z0RH

Q
�

S
LQ

(RH � R0)(Q� z0) if z0 > �S
R0 otherwise.

(7)

Comparing this with (6) on�rms that  is always less than the partiipation eiling, �,

sine in this setion we are working under the assumption that the short has suÆient

ollateral to over in the tender. Moreover, we see that there are two ases: (1) z0 > �S
and (2) z0 � �S. The �rst ase means that the short annot be guaranteed to over by

bidding all his ollateral, beause the short's ollateral is simply too small relative to the

tender size and the long's ollateral. We think of this ondition as representing the ase

of a small bank (a bank with relatively little ollateral). The seond ase means that the

short has so muh ollateral that he an de�nitely over if he bids all his ollateral in the

tender. We think of this as representing the ase of a large bank.

The expression for  shows that when the short is a relatively large bank, there are no

pure strategy equilibria for any tender rate below the partiipation eiling. In ontrast,

when the short is a relatively small bank, pure strategy equilibria exist provided that the

tender rate is below . We now turn to desribing the equilibria in greater detail.

Theorem 6 Suppose (i) monetary poliy is tight but the tender rate is below the long's

partiipation eiling, �, (ii) it is possible for the short to over his position in the tender,

(iii) the tender is ompetitive, and (iv) the short is relatively small.15 If the tender rate is

below , there is a unique equilibrium in pure strategies where: (a) eah player demands a

quantity equal to the size of his ollateral in the tender; and (b) the tender is oversubsribed

and there is always a short squeeze in the seondary market.

Here, sine the short is a relatively small bank, irrespetive of the short's bid, the

long an implement a squeeze by demanding L units in the tender. Moreover, the long

�nds it pro�table to do so irrespetive of the short's bid, sine the tender rate is below .

Therefore, the long bids for a quantity equal to his ollateral. The ertainty of a squeeze,

means that the short does the same. In ontrast, when the tender rate is above , it would

not be worthwhile for the long to demand L if the short demands S, sine the tender

rate is now too high given the amount of units the long an implement a squeeze on.

Next, we onsider the ase that the short an over for sure by demanding S in the

tender; i.e., the short is a relatively large bank.

14By these statements we mean: (i) RT 2 (R0; �), (ii) z0 < min(S ; Q), and (iii) z0 + L > Q.
15By these statements we mean: (i) RT 2 (R0; �), (ii) z0 < min(S ; Q), (iii) z0 + L > Q, and (iv)

z0 > �S .
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Theorem 7 Suppose (i) monetary poliy is tight but the tender rate is below the long's

partiipation eiling, �, (ii) it is possible for the short to over his position in the tender,

(iii) the tender is ompetitive, and (iv) the short is relatively large.16 Suppose also that

z0=Q < (RT � R0)=(RH �R0). The following is an equilibrium:

b�S =

(
z0 with probability pS
z0

Q�z0
L with probability 1� pS,

(8)

and

b�L =

(
0 with probability pL
L with probability 1� pL,

(9)

where

pL =
(RH �RT )(Q� z0)

(L + z0)(RT �R0) + (Q� z0)(RH � RT )
;

and

pS =
(RT � R0)(Q� z0)(L + z0)

(RH �RT )z0(L + z0 �Q)
:

A simple impliation of this mixed strategy result is that the post-tender interbank rate will

be more variable, aross tenders, in an eonomy where the short tends to be relatively large

as ompared to in an eonomy where the short tends to be relatively small. Furthermore,

in the eonomy where the short is relatively large, whether or not there is a short squeeze

is highly unertain. This degree of unertainty is in sharp ontrast to our previous result,

where we had unique pure strategy equilibria (for RT < ).

Having gone through the various ases, a general piture is starting to emerge. First,

we see that when the tender is ompetitive and the tender rate is below the partiipation

eiling, oversubsription and short squeezes are equilibrium phenomena that tend to ome

together when market power is large. The other main features of the general piture are

summarized here:

Proposition 3 Suppose (i) monetary poliy is tight, and (ii) it is possible for the short

to over his position in the tender.17 In equilibrium: (1) The total quantity demanded in

the tender, as well as the quantity demanded by the long and by the short in the tender

separately, is inreasing in the long's ollateral and dereasing in the tender size. (2) The

probability and size of a short squeeze in the seondary market is inreasing in the long's

ollateral and dereasing in the tender size and tender rate.

This proposition ontains essentially the same onlusion as when the short annot

over in the tender due to insuÆient ollateral. This also illustrates that the entral

bank has at least three instruments in a �xed rate tender by whih it an inuene the

tender outome and the inidene of a squeeze in the seondary market; namely, the tender

size, tender rate, and admissible ollateral. To the extent that a squeeze is undesirable,

our results show how to use these instruments to simultaneously maintain the aim of

16By these statements we mean: (i) RT 2 (; �), (ii) z0 < min(S ; Q), (iii)z0+L > Q and (iv) z0 < �S .
17By these statements we mean: (i) RT 2 (R0; �), and (ii) z0 < min(S ; Q).
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monetary poliy and redue squeezes. In partiular, when the entral bank is running

a tight monetary poliy, by inreasing the tender size, the entral bank an redue (or

even eliminate) short squeezes without worrying about too muh liquidity oming into

the market. This is for the simple reason that when the tender size beomes very large,

the long player will no longer try to implement a short squeeze { instead he does not

partiipate in the tender.

This also illustrates a major di�erene between how �xed rate tenders operate under

loose and tight monetary poliies. As seen in the previous setion, under a loose monetary

poliy, any attempt to eliminate short squeezes by holding very large tenders, will result in

huge amounts of liquidity being injeted in the banking system, whih may be undesirable.

In ontrast, under a tight monetary poliy, when tenders are extremely large, players

atually reveal their true liquidity needs in the tender. As an interesting example, in the

1990's, Finland held �xed rate tenders where they gave partiipating banks exatly what

the banks asked for. This worked well in Finland, perhaps beause monetary poliy was

tight, in preparation for joining the monetary union.

5 Disussion, Extensions, and Conluding Remarks

In this paper, we have shown that the possibility of a short squeeze in the interbank

market an have signi�ant impat on equilibrium behavior in �xed rate tenders. By itself,

a tender is a strikingly simple mehanism, but we have seen that adding the seondary

market reveals some interesting and important features. The possibility of short squeezing

in the seondary market as a result of asymmetri initial positions of the players and

pro-rata rationing in the tender might indue players to submit non-trivial bids in the

tender. For example, bidders may demand positive amounts even if the tender rate is

higher than the ompetitive rate. They may even demand so muh that the tender beomes

oversubsribed. Furthemore, the potential for short squeezing may lead to mixed equilibria

in some important ases, where the ourrene of a short squeeze is unertain.

Our analysis implies that there are at least three instruments that a entral bank (as

an autioneer in the tender) an use to inuene the extent to whih there is a short

squeeze after the tender. The �rst is the tender rate. When the tender rate is below the

ompetitive rate, banks bid as muh as they an, given their ollateral. When the tender

rate is \just above" the ompetitive rate, banks still bid as muh as they an. The short

does so in order to minimize a short squeeze, and the long does so to maximize a short

squeeze. When the tender rate is \intermediate", players use mixed strategies; and when

the tender rate is above some eiling, the long player drops out and the short demands

just what he needs to over. These results are a onsequene of the tradeo� faed by the

long between borrowing many units in the tender above the ompetitive market rate, on

the one hand, and lending fewer units to the short in the seondary market at an even

higher rate, on the other hand.

The seond instrument available to the entral bank is the tender size, i.e., the amount

of liquidity, hanneled into the banking system through the tender. The size and likelihood

of a short squeeze tends to soften as the tender size inreases. There are two related reasons.

First, the short player is alloated more as a result of pro-rata rationing. Seond, the long
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needs to buy more units in the tender to squeeze on the same amount of units afterwards,

hene the marginal value to the long of winning a unit in the tender falls. More formally,

in our model, there is a tender size threshold, beyond whih there is no short squeeze.

With respet to tender size, the major di�erene between our model and �xed rate

tenders in pratie is that the tender size is often not known by bidders in advane. This

supply unertainty an be of two distint types. First, it ould be ompletely exogenous,

meaning that the bids made by banks in the tender do not a�et the amount the bank is

willing to sell. For example, the entral bank an �x the tender size in advane without

informing partiipating banks. This type of supply unertainty should not hange the

major thrust of our results, sine our players are risk-neutral. However, exogenous supply

unertainty raises some interesting issues, partiularly where supply an turn out to be

too small for the short to over, or turn out to be suÆiently large for the short to over.

We leave this for further researh.

Seond, supply unertainty an be endogenous, meaning that the bids made in the

tender inuene how muh the entral bank deides to lend. As an example, onsider

a �xed rate tender where bidders reeive what they ask for. Here, by design, there is

never rationing. This eliminates short squeezes provided that the tender rate is above the

ompetitive rate, as shown in Theorem 4. This is intuitive sine, as we have expanded

on in the paper, rationing and short squeezes tend to go hand in hand. Hene, short

squeezing an be redued by the introdution of endogeneous supply unertainty. However,

a drawbak with this endogenous supply mehanism is that if the tender rate is below

the ompetitive rate, demand would be insatiable. So it would not work so well in a

period of rising expetations, where the tender rate is lagging behind the market rate.

With insatiable demand, it is diÆult to imagine that the entral bank would not turn to

rationing. In this ase, short squeezing would reappear.

The third instrument available to the entral bank that we have identi�ed is ollateral.

The entral bank may redue or inrease the size of allowable ollateral by several methods.

It may hange the types of ollateral allowed to be used in repo operations or introdue

hairuts for partiular types of ollateral. For the sake of argument, suppose that this

a�ets all players in equal proportions, say �. This an either inrease or derease the

extent of short squeezes. To see this in the ontext of our model, suppose �rst that

initially z0 + L < Q and S > z0. In this ase, there is no short squeeze. After a

redution in ollateral, the situation ould be �(z0 + L) < Q and �S < z0. Now the

short has insuÆient ollateral to over, and so there will be a short squeeze. Suppose

seond that the initial situation is z0 + L > Q and S > z0. In this senario, we have

shown that there may be short squeezes in equilibrium, depending upon the tender rate.

After ollateral is redued, the situation ould be �(z0 + L) < Q and �S > z0. Now,

there will not be a short squeeze. These two simple examples illustrates the preariousness

of using ollateral restritions as a tool in ontrolling the outome of the tender and the

interbank market. This is also true when we onsider that di�erent banks an be a�eted

di�erently by hanges to the admissible ollateral. For example, if smaller banks generally

hold ollateral of lower quality, then if the short is small, ollateral restritions would

tend to inrease the extent of short squeezes. In ontrast, if the short is large, ollateral

restritions would work the opposite way.
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Finally, we briey disuss a fourth instrument, whih we have not touhed on in our

paper so far, that a entral bank an use to inuene the inidene of short squeezes;

namely, the timing of the announement of the tender results. This an allow the entral

bank to adjust the \hardness" of the ollateral onstraint faed by bidders. In this paper,

we have assumed that the ollateral onstraint is hard, in the sense that bidders annot

demand more than what they have ollateral for. This ould be enfored in pratie if the

entral bank has an up to date reord of all bidders ollateral. But if not, bidders ould

make bids in exess of their ollateral in the tender and gamble on a small allotment rate.

However, in pratie there may be onsiderable unertainty regarding the allotment rate,

sine players may have private information and, possibly as in our model, some players

may play mixed strategies. If so, a surprisingly high allotment rate may mean that some

aggressive bidders �nd themselves short of ollateral. If there is very little time between

the announement time and the atual transation time (e.g. the announement time is

late in the day), unertainty about the allotment rate may help enfore a hard ollateral

onstraint, assuming that the entral bank an punish players who are short ollateral and

unable to omplete the repo. The more time players have between the announement of

the result and the transation time, the softer is the ollateral onstraint sine the players

have more time to obtain extra ollateral if their allotment leaves them short. However,

this also opens up the possibility of a squeeze on ollateral as well as on liquidity. It may

well be the ase that squeezes on ollateral an be so severe that the very possibility of

it means that banks would rarely demand more in the tender than what they ould over

with the ollateral that they have on hand. If so, we would be bak in our hard ollateral

onstraint model.

Overall, this paper suggests that the behavior of players in �xed rate tenders and the

onsequenes of suh behavior are not as simple as they appear at �rst glane. Here,

the ompliating fator is the potential for a short squeeze in the seondary market. We

have shown that this may lead to overbidding in the tender. The low allotment rates in

the ECB's �xed rate tenders in 1999-6/2000 shows that bidding in the aution an be

extremely strong. For example, on 31 May 2000, the allotment rate was only 0.87% (ECB

Monthly Bulletin, July 2000, p. 37). This severe overbidding ould have been due to rising

interest rate expetations, but it ould also have been augmented by a fear among banks

of having to satisfy their liquidity needs predominantly in the seondary market. Some

smaller banks apparently omplained about having to go to the interbank markets beause

they were not able to overbid enough to get the liquidity they needed in the tender, due

to not having suÆient eligible ollateral. However, what is important for our analysis

is not that short squeezes do happen, but that they may happen. Short squeezing is

fundamentally a manifestation of a liquidity shortfall overall (the tender is too small given

the needs of the banking setor) or an imperfetly ompetitive interbank market. The

spikes in interbank rates observed from time to time suggests that interbank markets an

be less than ompetitive and therefore that short squeezing needs to be taken seriously.

However, ultimately this is an empirial question, whih would be important to address

in future researh.
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6 Appendix: Proofs

Proof of Theorem 1

Sine RT < R0, it is straightforward that eah player maximises his payo� by maximising

the number of units he is alloated. So the unique equilibrium is for eah player to bid an

amount equal to his ollateral. Hene, the short overs his initial position if and only if if

z0 � �S. payo�s in all ases follow diretly from (1) and (2). 2

Proof of Proposition 1

Observe �rst that by Theorems 2 and 3, the short always bids S. So any variation in

the total amount demanded in the tender arises from variations in the amount bid by the

long. Let B = S + b�L denote the total amount demanded in the tender in equilibrium.

Now, from inspeting the expression for the partiipation eiling in Theorem 3, �, we

see that (i) � inreases with L (sine ��
�L

= �
RH�R0

Q
> 0); and (ii) � is dereasing in

Q (sine ��
�Q

= �
(L+S)(RH�R0)

Q2 < 0); furthermore, (iii) � = 0 when Q = C(� S + L).

Now, by Theorem 3, (i) immediately establishes that the long's bid, and therefore B, is

dereasing in L. Furthermore, if Q � z0, Theorem 2 shows that B = C. Additionally,

(ii) and (iii) imply that there is Q(RT ) 2 (z0; C) for whih � = RT and � > (<)RT

whenever Q > (<)Q(RT ). Hene, Theorem 3 implies that B = C for Q < Q(RT ) and S
for Q � Q(RT ). This establishes laim (1). To prove (2), observe that the number of units

on whih there is a squeeze in the seondary market is equivalent to the (absolute value

of) the short's position after the tender. (2) then follows as an immediate impliation of

(1) and the observation that the short always bids S. 2

Proof of Theorem 4

Sine z0 + L � Q, the short an over his position with ertainty by demanding z0
units in the tender. It follows that it is optimal for the short to demand b�S = z0, sine

RT 2 (R0; RH), irrespetive of the long's demand. Given this, the long will not be able to

squeeze on any units. Hene, it is optimal for the long to demand b�L = 0. This also shows

uniqueness, undersubsription, and the absene of short squeezing. 2

Proof of Theorem 5

We start by observing that sine RT < RH , in equilibrium the short will demand at least

z0, sine this is what the short needs to over his position. Moreover, in equilibrium,

the short will demand at most �bS = min[S; b̂S℄, where b̂S satis�es b̂SQ=(b̂S + L) = z0,

sine demanding more than this is either impossible or will result in the short for sure

obtaining more than he needs to over his position. Suppose therefore that the short

submits bS 2 [z0;�bS℄. We will show that there is �(bS) suh that if RT > �(bS) then the

long will hoose to bid bL = 0.

De�ne bL(bS) to be suh that bSQ=(bL(bS) + bS) = z0. Thus, if the long demands

bL 2 (0; bL(bS)℄, the short will over his position for sure and the long's payo� per unit

that he wins is RT �RH < 0. Hene the long either demands 0 or bL 2 (bL(bS); L℄. If the
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long demands the latter, there is a short squeeze for sure, and the long's payo� is

��L(bL) = (z0 �
bS

bS + bL
Q)RH + (yL � z0 +Q)R0 �

bL

bS + bL
QRT :

Note that
���L
�bL

=
bSQ(RH � RT )

(bL + bS)2
> 0;

so the optimal bL 2 (bL(bS); L℄ is L. If the long demands zero, his payo� is

�PL = yLR0:

Hene, omparing ��L(L) and �PL , we see that the the long stritly prefers to demand zero

if and only if

RT >
R0(Q� z0) + z0RH

Q
�

bS

LQ
(RH �R0)(Q� z0) � �(bS);

and the long stritly prefers to demand L if and only if RT < �(bS). It is easy to see that

�(bS) is dereasing in bS. Hene, we have established that the long bids zero whenever

RT > � � �(z0). It follows immediately that when RT > �, the short demands z0, implying

that there is undersubsription and no short squeezing. 2

Proof of Proposition 2

The proof follows immediately from inspeting the �rst derivatives of � with respet to L,

z0, and Q respetively. 2

Proof of Lemma 1

By the proof of Theorem 5, in a pure strategy equilibrium the long either demands bL = 0

or bL = L.

De�ne  as

 =

(
R0(Q�z0)+z0RH

Q
�

S
LQ

(RH � R0)(Q� z0) if z0 > �S
R0 otherwise.

(10)

It is easy to hek that  < �.

Suppose RT 2 (; �). Consider �rst the ase that the long bids bL = 0. The best

response for the short is bS = z0, sine this is what he needs to over his short position.

But then, by the proof of Theorem 5, the long would do better by bidding bL = L, sine

this allows him to squeeze and RT < �. Thus, the strategy bL = 0 is not an equilibrium

strategy.

Consider next the ase that bL = L. Suppose �rst that �S > z0 (note that in this

ase � = R0). In this ase, the best response for the short is to bid b̂S (see the proof of

Theorem 5). But then there would be no short squeezing, and so the long would be better

o� by demanding bL = 0. Suppose next that �S < z0. The best response for the short

is then to demand bS = S, sine this minimizes the short squeeze. Now, omparing the
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de�nition of  with the de�nition of �(bS) in the proof of Theorem 5, we see that  = �(S).

Hene, by the proof of Theorem 5, it follows that the long would do better by demanding

bL = 0, sine RT > . Thus bL = L is not an equilibrium strategy. This also establishes

that there are no pure strategy equilibria if RT 2 (; �).

The existene of a mixed equilibrium follows from Gliksberg's Theorem on the exis-

tene of mixed-strategy equilibria when payo�s are ontinuous (see, e.g., Fudenberg and

Tirole (1992), page 35, Theorem 1.3). This observation onludes the proof. 2

Proof of Theorem 6

Sine RT <  = �(S), the proof of Theorem 5 shows that in any equilibrium, the long

demands bL = L. It follows that the short optimizes by demanding bS = S, sine this

minimizes the amount on whih he is squeezed (sine z0 > �S). Hene the unique equi-

librium is that bL = L and bS = S. The tender is oversubsribed, sine S + L > Q.

There is always a short squeeze, sine z0 > �S. 2

Proof of Theorem 7

Let the strategies be as given in the Theorem. Then the payo�s of the long and the short

are respetively (by diret alulation)

��L = yLR0

and

��S =
z0(QR0(RH � RT ) + LRH(RT � R0) + (R2

T � R0RH)z0)

L(R0 � RT ) +Q(RT � RH) + (R0 +RH � 2RT )z0
:

Moreover, keeping the strategy of the other player �xed, diret alulation also on�rms

that the short and the long get these payo�s by playing either of the strategies they are

mixing over in the proposed equilibrium.

We will �rst show that b�L is a best response to b�S, whih we now take as given. De�ne

bL to be suh that z0
bL+z0

Q = z0. If the long deviates from b�L by demanding bL 2 (0; bL℄,

his payo� is stritly less than ��L, sine he wins positive amount in the tender, but without

being able to implement a short squeeze.

Consider next that bL 2 (bL; L). The long's payo� beomes

�L(bL) = ��L+pS((z0�
z0Q

bL + z0
)RH+(Q�z0)R0�

bL

bL + z0
QRT )+(1�pS)

bL

bL +
z0L
Q�z0

Q(R0�RT ):

After substituting in the expression for pS (in the statement of the Theorem) and simpli-

fying, the di�erene between �L(bL) and ��L beomes

�L(bL)� ��L =
(bL � L)(R0 �RT )(Q� z0)

(RH �RT )(bL + z0)(L �Q+ z0)(bL(Q� z0) + Lz0)

�

n
(R0 �RH)(Q� z0)z0(L + z0)
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+bL(�(Q� z0)(Q(RH �RT )� z0(RH �R0)) + L(Q(R0 � RT ) + (RH �R0)z0))
o

The �rst term is positive. Simple algebra establishes that the sum in the seond term is

negative, sine z0 < QRT�R0

RH�R0

. Hene, the long would be stritly worse o� by any deviation

from the proposed strategy, b�S .

Consider now the strategy of the short, given the strategy of the long, b�L. If the short

deviates by bidding bS 2 ( z0
Q�z0

L; S), he will always over his short position, but he is

alloated qS > z0, so he loses (qS�z0)(R0�RT ) in omparison with playing just bS = z0
Q�z0

or z0. Moreover, bidding less than z0 is stritly dominated by bidding z0, sine this will

lead to a short squeeze for sure.

Next, onsider the ase bS 2 (z0;
z0

Q�z0
L). Then the short's payo� is given by

�S(bS) = pL((bS � z0)R0 � bSRT ) + (1� pL)(�
bS

L + bS
QRT � (z0 �

bS

L + bS
)QRH):

After substituting in the expression for pL (in the statement of the Theorem), and

simplifying, we get

��S � �S(bS) =
(R0 �RT )(RT �RH)(bS � z0)((L + bS)z0 �QbS)

(L + bS)((L + z0)(R0 �RT ) + (RT � RH)(Q� z0))
;

whih is less than zero, sine the denominator is negative and the numerator is positive

(sine bS < z0
Q�z0

L). Hene, the short is stritly worse o� by deviating from the proposed

strategy. This establishes a Nash equilibrium and ompletes the proof. 2

Proof of Proposition 3

It follows from Theorems 4, 5, 6, and 7 that the behaviour of the short and the long de-

pends on the value of RT relative to the parameters  and �. Note that R0 �  < � < RH ,

i.e. the interval [R0; RH ℄ is partitioned into three regions, where the equilibrium out-

omes are quite di�erent. First, when RT 2 (�; RH ℄, the total demanded quantity is

B0 = bL + bS = 0 + z0 = z0 and there is no short squeeze. Seond, when RT 2 (; �),

there exist mixed equilibria, where B1 = bL+ bS 2 [z0; S + L℄ for sure. Also the expeted

value of B1 is in (z0; S + L). Here, a probability is positive, but less than one. Third,

when RT 2 [R0; ), the total demanded quantity is B2 = bL + bS = L + S > Q > z0,

and short squeezing happens for sure. Observe that � is inreasing in L and dereasing

in Q (Proposition 2). Observation that similar alulations on�rm this holds also for 

onludes the proof. 2
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